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Fakulta priemyselnych technolégii (FPT) sa kazdorocne zapdja do r6znych mimoskolskych aktivit, ktoré
umozZnuju mladym a poznania chtivym veddtorom spoznavat tajomstva v oblasti materidlovej vedy
a vyskumu. V kazdom akademickom roku otvara FPT svoje brany Sirokej verejnosti, s moznostou
zozndmenia sa s réznymi testovacimi zariadeniami a pracou materialovych inZinierov.

V drioch 13. — 15. 11. 2013 pocet mladych ludi, ktori sa pohybovali v priestoroch FPT v PUchove vzrastol o
viac ako 100 %. V ramci celoslovenského Tyzdria vedy a techniky fakulta organizovala podujatie ,Dni vedy
a techniky na FPT v Puchove”, pocas ktorého navstivilo fakultu viac ako 500 Studentov strednych $kél a
Zziakov vyssieho stupnia zakladnych $kél puchovského regidnu so svojimi vyucujucimi. Pracovnici fakulty
pre nich pripravili viacero putavych prednasok spojenych s praktickymi ukdzkami laboratérnych
experimentov. Ziaci si v priestoroch laboratérii fakulty vyskugali pracu so sklom, vlastnoruéne si vyrobili
kaucukové lopticky, vymodelovali dekorac¢né predmety z hliny, mali moZnost pomocou experimentov
pochopit, preco nejest jablko pred spanim, mohli sledovat mikrostrukturu réznych materidlov optickym
mikroskopom, Ci vyskusat si pracu so simuldtorom zataZovania pneumatik. Podujatie bolo zamerané na
zvySenie zaujmu mladeze o technicky smer studia na FPT v Pldchove so zameranim na r6zne druhy
technickych materidlov a celkovo prispelo k popularizacii Studia technickych odborov.
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Foreword

Dear readers and all members of academic and scientific community,

Iam really pleased that Ican write a few words again in relation to the further edition of
Metallurgical Journal (2014, Vol. LXVIL, No. 3) which comprises the wide range of topics
focused on the latest information and outcomes in the field of materials science and engineering.
The introduced papers cover a lot of new or additional scientific knowledge related to the most
discussed themes in the scientific community with the reference to the current and new scientific
approaches and experimental methods of research and development including polymeric
materials, metallic materials, inorganic material, textile materials, environmental engineering,
physical engineering of materials, numerical analysis, computational modelling and simulations
of various processes.

All the papers presented in this edition of the journal are based on the creative and hard work of
all scientific and academic staff as well as of doctoral undergraduates at Faculty of Industrial
Technologies in Puchov, Alexander Dubcek University of Tren¢in. The continual investigation
by contributors is the reflection of the laborious work leading to the introduced outcomes in this
journal and all these outcomes are only the reaction to the most frequently discussed questions
and problems which occur on the basis of nowadays needs and wants of the practice.

Presenting their results, all the authors believe that the introduced papers will be the contribution
for the improvement of the mutual cooperation between the scientists and engineers and the new
gained results will be applied and implemented into the industrial practice. Moreover, this
edition with all the investigations can also be the stimulus for the readers in order to cooperate
and participate in research with our faculty.

Best regards,

prof. Ing. Jan Vavro, PhD.
Dean of Faculty of Industrial Technologies in Puchov,TnUAD
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Recenzovaneé védecké clanky

Corrosion Properties of Selected Materials for Blades of Water Turbines

Korozne vlastnosti vybranych materialov pre lopatky vodnych turbin

prof. Ing. FrantiSka PeSlova, PhD.', prof. RNDr. Tatiana Liptikova, PhD.%, Ing. Michal Bukovina, PhD.%,
Ing. Michaela Durovcova’, Ing. Pavlina Hajkova'

'Czech Technical University in Prague, Faculty of Mechanical Engineering, Karlovo nam. 13, 121 32 Prague 2,
Czech Republic

University of Zilina in Zilina, Faculty of Mechanical Engineering, Univerzitna 1, 010 26 Zilina, Slovak Republic

3 Alexander Dub&ek University of Trenéin, Faculty of Industrial Technologies in Puchov, I. Krasku 491/30, 020 01
Puchov, Slovak Republic

The blades of water turbines are exposed to enormous load from the aspect of dynamic forces, corrosion, erosion
and cavitation. According to the mentioned fact, the specialised producer of turbines has to evaluate the material
which is used for production of blades and this evaluation is based on the previous knowledge on the degradation
process that can be observed in operation and moreover, this evaluation is also based on simulated wear tests. The
work deals with the evaluation of two types of materials which can be used for blades of water turbines. There are
stainless steel and graphitic cast irons. In the natural water, the cast irons are attacked by the overall non-uniform
corrosion. Corrosion grows with the oxygen content under the influence of the water stream, temperature and the
presence of free inorganic and organic acids or other aggressive corrosive factors. From an economic and
technological point of view, graphitic cast iron is more suitable than steel but it is truth only if the composition and
character of the metallic matrix and graphite are in optimum in terms of corrosion.

Keywords: corrosion resistance, steel, cast iron, blades of water turbines

Lopatky vodnych turbin su vystavené enormnému zatazeniu z pohladu dynamickych sil, korozie, erozie a kavitdcie.
Vyrobcovia turbin preto musia navrh materialu zhodnotit jednak na zdaklade skusenosti z degradacie, ktoré sa
vyskytuju v prevadzke a dalej na zdklade simulovanych skusok opotrebenia. Prdaca sa zaoberda hodnotenim dvoch
materialov, ktoré by bolo mozné pre lopatky turbin pouzit. Jedna sa o nehrdzavejuce ocele a grafitické liatiny.
Nehrdzavejuce ocele su legované ocele s obsahom Cr nad 12 %, ¢im sa zabezpeci vytvorenie ochrannej oxidickej
vrstvy na povrchu kovu. Pre zlepSenie koroznych vlastnosti sa tieto ocele leguju prvkami Ni, Mo, Ti, N, Mn, Cu
a pod. podla poziadaviek na prevadzkove viastnosti. Pokial’ sa tieto ocele budu pouzivat' v beznej mineralizovanej
vode, tak je zndme, Ze takdto voda nie je pre tieto ocele nebezpecnd a ocele su v nej odolné cca do teploty 60 °C.
V beznych riecnych vodach odolavajii korozii i kavitdcii pokial nie siu pritomné najmd chloridy. Pre tento typ
materialu su dalej nebezpecné strbiny, baktérie a iné usadeniny na povrchu pretoze obmedzuju pristup kyslika,
ktory zabezpecuje obnovu ochrannej oxidickej vrstvy. Grafitické liatiny su charakteristické pritomnostou volného
uhlika vo forme grafitu. Grafit je korozne odolny material ale v spojeni s kovovou matricou sa sprava ako katoda.
V koroznom prostredi sa najskor rozpusta zelezo a grafitovy skelet zostava. Forma vyluceného grafitu moze aj cely
korozny proces urychlit (globularny grafit) alebo spomalit (lupienkovy grafit) pretoze na kostre grafitu sa
zadrziavaju tuhé korozne produkty. Rychlost korozie superponuje charakter kovovej matrice , tvar grafitu, chemickeé
zlozenie a Struktura zakladného materialu (perliticky je odolnejsi). V prirodnych vodach byvaju liatiny napadnuté
celkovou nerovnomernou koréziou. V morskej vode s vysokym obsahom chloridov je priemernd hibka korézie cca
0,15mm/rok. Korozia rastie s obsahom kyslika pri prudeni, teplotou a pritomnostou volnych anorganickych
a organickych kyselin alebo inych agresivnych koroznych cinitelov. Z ekonomického aj technologického hladiska je
grafiticka liatina vyhodnejsia ako ocel, ale iba za predpokladu, ze zlozZenie a charakter kovovej matrice a grafitu su
optimalne z pohladu korozie.

Krucové slova: korozna odolnost, ocel, liatina, lopatky vodnych turbin
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The subject of the research is connected with the
investigation of the material which is commonly used
for blades of water turbines and its comparison to the
cast iron which has been developed as a new type of
material for blades. The chemical composition of
evaluated materials is shown in Table 1.

Tab. 1 Chemical composition of the evaluated materials
Tab. 1 Chemické zlozenie hodnotenych materidlov

Material/ Ductile Vermicul.
Content in wt.% cast iron cast iron+Al COR 13-4

C 3.6 3.11 0.05
Si 25 235 )
Cr - - 13.0

Mn 0.1 0.1 -

Mo - _ 0.5
Al - 19 )
N - - 05
Cu 0.7 - -
Ni 1.0 - 4.0
p 0.05 0.05 _
S 0.02 0.02 _

Corrosion tests

The tested materials are commonly subjected to two
types of corrosion tests: exposure and electrochemical
test. The measurements are performed in mineralised
water for drinking and in relation to this water, pH value
is determined and it is 5, 6.8 and 8. The addition of HCI
leads to the modification of the water with pH = 5 and
by this way, there is the increase of the acidity of the
solution as well as slight increase of the chloride content
(about 0.036 g of Cl to lliter of water whereas the
chloride content in seawater is about 21 g to lliter of
water). In relation to the pH = 8, it is commonly
increased by the addition Na,CO; which is the natural
part of common water. In this work, attention is paid to
selected materials that have been subjected only to the
exposure test. Corrosion exposure test was performed
by immersing the tested materials to the testing
solutions with different pH values. The experimental
temperature was 23 £ 2 °C and it corresponded to the
ambient temperature. The given samples were immersed
for 3 months. The tested samples of materials were
cleaned, degreased with diethylether, dried and weighed
using analytical balance with an accuracy 10°. Then the
samples were immersed into an aqueous medium of
solutions with different pH. After the time of exposure,
the samples were cleaned from corrosion products, dried
and weighed again using analytical balance. Corrosion
rate v, can be calculated from the weight loss 4m by the
formula:

am

St

were S — area of the sample (m®), 7 — exposure time
(year), m — weight (g).

Vi =

The results of the corrosion tests in water solution with
different pH are shown in Table 2. From the
experimental results, it is evident that alloyed steel
COR 13-4 has a corrosion rate 2.17 g.m”.year” at pH =

6.8 and it is negligible corrosion effect. The highest
corrosion rate was observed for ductile cast iron ADI.
According to the values of corrosion rate, it can be
concluded that ductile cast iron MA and vermicular cast
iron with aluminium are much more resistant in
comparison to cast iron ADI. In the acidic water
medium, the corrosion rate is increased for all tested
materials and it means that pH represents the increase of
the corrosive aggressiveness of water. The most
susceptible reaction to the acid environment was
observed in the case of the ductile cast iron MA. In
relation to the investigation of the alloyed steels, the
obtained results are comparable to the results obtained
for cast irons because there was also increase in the
corrosion rate compared to neutral environment but it
can be said that steel COR 13-4 is material with high
corrosion resistance. Materials had a different behaviour
in alkaline environments. In the case of the alloyed steel
COR and ductile cast iron MA, it can be assumed that
the chemical composition of the materials and character
of the structure is more susceptible to alkaline
environment.

Tab. 2 Corrosion rate of the evaluated materials in environments with
different pH

Tab. 2 Kordzna rychlost” hodnotenych materialov v prostredi
s rtoznym pH

COR Ductile Ductile Vermicular
Material 13-4 castiron | castiron cast
ADI MA iront+Al
pH 5
m (g) 17.89567 | 27.72138 | 8.70557 27.85175
m; (g) 17.89244 | 27.44088 | 8.59787 27.65209
S (m%) 0.001736 | 0.003263 | 0.001250 0.002906
Am (g) 0.00323 0.28050 0.1077 0.19966
(g.m‘zl.l;ok“) 7.44 343.86 344.64 274.82
pH 6.8
m (g) 17.70183 | 27.70815 | 8.49514 27.75381
m; (g) 17.70089 | 27.41387 | 8.41243 27.57727
S (m%) 0.001736 | 0.003263 | 0.001250 0.002906
Am (g) 0.00094 0.29428 0.08271 0.17654
(g.m';/.l;ok") 2.17 360.75 264.67 243.00
pHS8
m (g) 9.78708 | 27.49895 | 8.57391 27.96997
m; (g) 9.78569 | 27.23851 8.46913 27.76226
S (m%) 0.000965 | 0.003263 | 0.001250 0.002906
Am (g) 0.00139 0.26044 0.10478 0.20771
(g.m';f.l}ok") 5.76 319.26 335.30 285.91

After the exposure test, all tested graphite cast irons
were covered with black corrosion products while the
corrosion was overall as well as non-uniform. The
average corrosion rate of cast iron converted to mm/year
was in the range from 0.033 to 0.045 mm/year. Areas
with missing graphite have local character and depth of
the dimples in the structure is markedly different in
comparison to the documented microscopic figures.
Character of corrosion attack was microscopically
evaluated in relation to the all metallographically
prepared samples.

Documented microstructure of the materials was
investigated for testing solution with pH = 5. Unbroken
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surface of sample for alloyed steel COR 13-4 after
exposure in water with pH = 5 can be seen in Fig. 1. It is
a martensitic structure with a residual austenite among
the martensite needles.

Fig. 1 Microstructure and character of corrosion attack for steeel
COR 13-4

Obr. 1 Mikrostruktara a charakter korézneho napadnutia ocele
COR 13-4

Ductile cast iron ADI was exhibited overall as well as
no-uniform corrosion attack in relation to its surface
(Fig. 2). Missing graphite globules on the surface were
the reason for the intensive dissolution of the ferritic
matrix around the areas where the graphite globules
were fallen out and it led to the influence of the
corrosion attack.

Fig. 2Microstructure and character of corrosion attack for ductile cast
iron ADI
Obr. 2 Mikrostruktura a charakter kor6zneho napadnutia liatiny ADI

In relation to the corrosive attack, the similar character
is observed for of ductile cast iron MA and it is shown
in Fig. 3. It can be observed that the size of graphite
globules affects the depth of corrosion dimples.

Vermicular cast iron with Al (Fig. 4) exhibits the
branching of graphitic particles throughout the whole
volume.

Fig. 3 Microstructure and character of corrosion attack for ductile cast
iron MA

Obr. 3 Mikrostruktura a charakter korézneho napadnutia tvarnej
liatiny MA

Fig. 4 Microstructure and character of corrosion attack for vermicular
cast iron with Al

Obr. 4 Mikrostruktara a charakter korézneho napadnutia
vermikularnej liatiny s Al

It can be pointed out that if the graphite is fallen out
from the surface, the dissolution of ferrite under the
effect of cathodic graphite is dominant. Depth of the
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surface attack is related to the morphology of graphite.
Corrosion attack is non-uniform in relation to the cast
iron surface.

There is not an assumption that the vermicular graphite
can fall out in its all volume because parts of the
graphitic branches remain locked in metal matrix (in
this case, it is ferrite). Comparison of the corrosion rate
for graphitic cast irons to corrosion rate for steel COR
13-4 is shown in the Fig. 5.

400
350
300
250 HCOR 13-4

200 H Ductile cast iron ADI

150 M Ductile cast iron MA
100

50
0 += T = T )
pH5 pH6,8 pHS

® Vermikulare cast iron+Al

Fig. 5 Comparison of the corrosion rates for the tested materials in
dependence on pH

Obr. 5 Porovnanie koréznych rychlosti skisanych materialov
v zavislosti na pH

Conclusions

Alloyed steel COR 13-4, which is commonly used for
production of the blades into the water turbine, exhibits
high corrosion resistance in waters with lower pH (in
our case pH = 5) and in waters with the higher pH (in
our case pH = 8), its corrosion attack is negligible.

Cast irons are the materials which are susceptible to
acidic as well as basic environment and their
susceptibility is influenced be the character of the metal
matrix containing graphite. The morphology of the
graphite plays important role from the aspect of the
immersion and it can be confirmed on the basis of the
corrosion tests which showed that vermicular cast iron
exhibited the higher corrosion resistance after the
immersion to the solutions with different pH in
comparison to the globular cast iron.

Average depth of the corrosive attack can be only
estimated because the non-uniform corrosion process is
influenced by the different size of the graphitic particles
which are fallen out.

It is necessary to take into account the synergic effect of
the corrosion and cavitation from the aspect of the
utilisation of the graphitic cast irons for the hydraulic
parts which are commonly loaded by water stream. The
overall degradation of the material can be also
influenced by character of water pH, angle of water
falling and erosive particles because all these
phenomena can be commonly seen in the nature.

Literature resources KWOK et al. (2009) confirm that
the corrosion process belongs to the processes which
cause the overall degradation of the ductile cast iron
(1.3 %). The given corrosion process is commonly
accompanied by the erosion (73.7 %) and the synergic
effect of the corrosion and erosion (25 %).

According to the obtained results and analysis, the
vermicular cast iron with Al as alloying element is
recommended to be used as the replacement of the
alloyed steel. The surface of the given vermicular cast
iron can be further treated (coating process) in order to
be used under the conditions including the acute angle
of water falling.

Acknowledgements
This work has been supported by TACR No.
TA02011121.

Literature

[1] ASM Handbook Properties and Selection. Nonferrous Alloys and
Special-Purpose Material, 1990, Vol. 2, Priting, USA

[2] KWOK, C.T. WONGA, P.K., MANB, H.C., CHENG, F.T.
Effect of pH on corrosion behavior of CuCrZr in solution
without and with NaCl, 2009, Journal of Nuclear Materials 394,
p. 52-62

[3] RANIBAR, K. Effect off lowinduced corrosion and erosion on
failure of a tubular heat exchanger, January 2010, Materials &
Design Volume 31, Issue 1, p. 613-619

[4] LIPTAKOVA, T., FAINOR, P., DODEK, A. Evaluation of the
flow accelerated corrosion of copper pipe, 2010, Materials
Engineering, Vol. 17, p. 7-13

[5] MALKA, R., SRDJAN, N., GULINO, D. Erosion—corrosion and
synergistic effects in distributed liquid-particle flow, 2007, Wear
262, p. 791-799

SSI UK ma vyrobni milnik pro oslavu

Steel Guru/Steel Trade Today

22.3.2014

Vyrobce oceli SSI UK oslavuje dalsi velky milnik — pfes Teesport vyvezl 5 mil. t ocelovych bram. Posledni
dodavka bram o celkové hmotnosti byla uréena pro SSI v Thajsku. Tento milnik pfichazi témé&F dva roky
od doby, co se byvala firma Corus po dvouleté pfestavce vratila k &innosti. Od opétného zapéleni vysoké
pece téméF pifed dvéma roky vztahy mezi PD Ports a SSI UK posilily a to umoZnilo dosazeni takového
vyrobniho milniku, k némuz nyni doslo. Veskera vyroba je vyvazena pfes Teesport, v hodnoté okolo 2.7
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Evaluation of Unalloyed Steel Corrosion for Industrial Pipeline

Hodnoceni korozniho napadeni nelegované oceli priumyslového plynovodu
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The main aim of the presented paper was to analyse the corrosion damage of unalloyed steel pipe. The investigated
pipe was the operating part of the pipeline in the heating plant. Corrosion of the inner wall of a natural gas pipeline
may occur when the wall is exposed to water and contaminants in the gas, such as O, H,S, CO, or chlorides.
Corrosion damage of pipe, which was made of steel 12021.1, was subsequently investigated by means of stereo
microscopy and optical microscopy. In the experimental part, the pipe was sectioned, grinded, polished and etched.
The structure of the pipe is ferrite-pearlite. In relation to the pipe, the occurrence of corrosion which was identified
is commonly called as pitting. It is a dangerous kind of corrosion. The corrosion effect involves penetration of the
pipe wall and then it is necessary to weld affected pipes. In addition, corrosion was also observed for the outside
side of the pipe.

Keywords: corrosion, pipe, steel, heatexchangers

Vtéto praci jsme se zabyvaly studii korozniho napadeni oceli 12 021.1 vyuzivané pro trubky priimyslového
plynovodu. Jedna se o nelegovanou ocel normalizacné zihanou s chemickym slozenim uvedenym nize v tabulce. Tato
uhlikova ocel je bézné pouzivana do teplot 300 °C v teplarndch na kotle i potrubi. Pri vyrobé tepla spalovanim
zemniho plynu dochazi nejen k tepelneé mechanickému namahani (creepu) téchto oceli, ale velkym problémem je
1 piisobenti koroze.Teplota spalin ve spalovaci komore se pohybuje kolem 800°C a teplota vody uvniti' vyparniku je
100 °C/ 16 barii. Z toho diivodu je treba posuzovat i korozni proces. Prdce se zabyvd hodnocenim degradacniho
procesu urcité casti potrubi, u kterého nastal mezni stav opotrebeni. Vzhledem k tomu, Ze se jedna prevazné
o korozni opotrebeni, byla vénovand pozornost povrchiim materialu. Z napadené casti potrubi byly vyrezany vzorky,
na kterych semikroskopickyhodnotilastruktura povrchové a podpovrchové Ccasti. Prvanim  krokem bylo
zdokumentovani vnitiniho i vnéjsiho povrchutrubky na stereomikroskopupomocinehozbyly detekované nejvice
napadené oblasti.Nezdadouci efekt se ukdzal uvniti membranové stény, kde doslo ke vzniku usad a pod nimi naruseni
mikrostruktury. Korozni porusovani odpovidalo diilkové korozi. Diilky se na vnitini strané vyskytovaly ve znacném
poctu a rizné velikosti.Lze usoudit na nebezpeci piisobeni koroze tak, Ze miize dochdzet az k lokalnimu prodéraveni
steny. Vzhledem k tomu, Ze se jedna o svaritelny materidal opravuji se tyto trubky svarovanim. Nebezpeci lokalni
koroze spociva i v tom, ze k perforaci trubek miize dochazet na predem nepredpokladanych mistech membranovych
stén, coz muze zpusobit naslednou degradaci celého potrubi. Na metalograficky pripravenych vzorcich v podélném
a pricném rezu byla hodnocena mikrostruktura jak z hlediska strukturni charakteristiky, tak z hlediska cistoty
materialu. Na svételnem mikroskopu se potvrdila diilkové koroze na vnitini sténé trubky.Celkové korozni napadent
bodovou korozi bylo sledovano i na vnéjsi strané trubky. Mikrostruktura trubek je tvorena feriticko-perlitickou
strukturou s vyskytem jemnych sulfidu na bdzi manganu. Na vybrusech je patrné, Ze se koroze Siri po feritu.
Predpokladame, Ze usady jsou na bazi oxidu zZeleza s moznou pritomnosti chloridi. Chloridy mohou byt aktivdtorem
pri spusténi koroznich procesi, které se nejvic projevuji za tepla. Doporucujeme provést korozni zkousky, které by
simulovaly i provozni teplotu. Ddle je potiebné se zabyvat vyvojem a moznosti vyuZiti nového cisticiho prostredku
na c¢istent vnitrnich povrchii trubek. Dnes se v provozu bézné pouziva cisteni pomoci HCIl, HF, kyselinou citronovou,
ktera zanechava stopy na strukture.

Klic¢ova slova: koroze, trubka, ocel, vyméniky tepla

Boilers of heating plants are exposed to demanding maintenance after the failure and it does not give us the
operational conditions that have a significant impact on  opportunity to prevent equipment failures effectively.
the degradation of material and maintenance of

facilities. Industrial boilers of heating plants use natural It seems that in term of the boilers operation,
gas for operation. In practice, we often solve the maintenance is a very effective according to the
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technical state. This type of maintenance is connected
with managing and using of technical diagnostics
methods that allow continuous monitoring of the
equipment technical state. These include using
continuous diagnostics (remote monitoring) or periodic
monitoring of technical condition for devices by
external technical diagnostics methods [1].

In this study, we paid attention to the investigation of
material from one part of the boiler which was degraded
by corrosion. Our research was focused on pipes of the
boiler. A fundamental risk parameter for the assessment
of technical condition of the boiler is the extent of
corrosion. Corrosion process and related damaging of
the pipe occurs at the interface of the metal and the heat
transfer medium.

Corrosion can damage the entire area of the metal. It
may sometimes occur only at the surface or it may
infringe some components of the material structure.
Various forms of corrosion depend on the material
(type, structure, properties, purity), the corrosive
environment and the conditions to which the material is
exposed in corrosive environments. In terms of
operation and maintenance of the pipes in heating
plants, substantial problems of corrosion are connected
with gas and water environment [1, 2].

Corrosion in gases

Corrosion in the gases will depend on the character and
composition of the medium.

Corrosion in oxidizing gases

During the higher temperatures occurs in the gases with
a metal oxidizing effect (O,, CO,, SO,) to the formation
of undesirable corrosion products. The corrosion rate is
influenced by the characteristics of emerging corrosion
products. If there is the continuous homogeneous layer,
the effect of the corrosive environment is limited by
layer and character of oxides which can slow the rate of
corrosion. For inhomogeneous layer (or highly porous),
a metal surface could be in direct contact with corrosive
environments and therefore, corrosion takes place
significantly [3, 4].

Corrosion in reducing gases

The most reducing medium is hydrogen. The conditions
under which the metal comes into contact with
hydrogen are very different. The process of corrosion is
dependent on these conditions. The hydrogen corrosion
is very dangerous corrosion damage of metal in
a reducing environment. Due to the reaction conditions
(temperature, pressure, catalyst) and the actual surface
of the metal, hydrogen can be activated to the atomic
state. Hydrogen atom bonds with oxygen to form H,O
molecules that cause high stress in the structure. Cations
of hydrogen are penetrated into the material surface
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which is systematically ruptured and it leads to its
brittleness and cracking [3, 4].

Corrosion in water

The electrochemical process is the dominant
degradation process in water corrosion. However, the
speed of this process is influenced by a number of
factors which may be applied separately. These factors
include for example chemical processes in solution,
mechanical contaminants, microbes or cavitation.

Corrosion characteristics of constructional carbon
steel of class 12

Carbon steel is the most widely used construction
material for its mechanical characteristics and good
workability. Steels of class n. 12 are high-grade carbon
steels which have defined the boundaries of the
chemical composition. Therefore, they are suitable for
refining, cementation and surface hardening [5].

From the corrosion point of view, carbon steel is the
less durable material. The oxides and other corrosion
products are spontaneously formed on the steel surface
with a limited protective ability. Corrosion of steel
occurs in most indoor and outdoor industrial
environments. It occurs even at lower relative humidity
in comparison to the critical humidity.

The basic reason of atmospheric corrosion of steel is
hidden in humidity which together with aggressive
components of the atmosphere leads to creation of the
electrolyte layer on the surface and it causes corrosion.
The carbon dioxide is the main stimulus for atmospheric
corrosion. In electrolyte, the surface of the steel is under
the rapid oxidation of sulphur dioxide into sulphur
trioxide and it is connected with formation of a water
sulphate ions. Then, sulphate ions are actively involved
into the anodic reaction of iron and it takes place in
several basic stages. The hydrated iron oxide (rust) is
the final product of these processes is. The corrosion
caused by chloride ions has a similar course [3, 5].

The course of the atmospheric corrosion of steel is
influenced by many factors (humidity, temperature,
pollution, air flow) that interact to varying degrees in
each environment. The sulphur dioxide has the
dominant position in relation to corrosion processes.
The corrosion rate of steel is decreased during the time
duration. The steady annual decrease of corrosion in
low polluted outdoor atmosphere is 5-30 microns and in
high polluted atmosphere, it reaches values up to 50
microns. This should be taken into consideration during
the engineering design solutions [3].

Pitting corrosion
This type of corrosion is characteristic for easily

passivation metals, such as iron, chromium, aluminium,
nickel, stainless steel, etc. Pitting occurs because of the
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presence of chlorides in the environment. This is created
by local damage of the passive layer mainly in
environments containing chlorine or other oxidizing
agents (oxygen, chromium). The origin of these
damages is caused by the inhomogeneity of the material
(inclusions), the presence of surface contaminants or
local violation of the passive layer. This is a very
dangerous type of corrosion that can lead to penetration
of the relatively thick walls thus to the elimination of
the whole installations [6].

Experiment

Material and methods

In our study, the corrosion damage was observed for the
membrane wall of pipe steel 12021.1. The chemical
composition of this steel is provided in Tab. 1. From
literature sources, it is known that the unalloyed
structural steel is prone to creep and corrosion, but this
type of steel is normally used for natural gas operation.
Diameter of the pipe is 60 mm and the wall thickness is
4 mm. The samples in the longitudinal axis and the
annulus were cut from the pipe (see Fig 1). Corrosion of
these samples was observed visually and with a stereo
microscope  NIKON SMZ1500. The samples were
grinded, polished and etched (NITAL 2%). The
prepared structures were evaluated with the light
microscope Neophot 32.

Tab. 1 Chemical composition of material [6]
Tab. 1 Chemické zloZenie materialu [6]

Chemical composition [wt%]
C Mn Si Cr
0.07-0.15 0.35-0.60 0.17-0.35 max 0.25
Ni Cu P S
max 0.25 max 0.25 max 0.040 max 0.040
Fig. 1 Sections
Obr. 1 Rezy

Results and discussion

Microstructure of the pipe was extensively damaged by
corrosion on the inner side where there is the interaction
with the superheated steam (100 °C / 16 bar). Fig. 2 and 3
show the complex corrosion products and sediment
throughout the inner side of the pipe. The composition
of sediments is based on iron oxide with the possible
presence of the other elements, e.g. chlorides which
usually cause pitting. The observation of the cross-
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section of the etched structure (Fig. 4) confirmed the
presence of the pitting corrosion.

Fig. 2 Sediment, pitting corrosion, stereo microscopy
Obr. 2 Usada, dilkova koroze, stereomikroskop

Fig. 3 Pitting corrosion, stereo microscopy
Obr. 3 Dulkova koroze, stereomikroskop

Structure of the pipe material consists of ferrite-pearlite
structure (Fig. 5) in which there is the occurrence of fine
particles of M, S. Detail of cut pipe in the transverse
direction gives information on the character of the pit
and disintegration (Fig. 6). On the basis of the etched
structures, it is evident that the corrosion spreads across
the boundary of ferrite but there is also loss of sulphides
in the surface and subsurface area of the pipe.

Fig. 4 Pitting corrosion, non-etched structure, light microscope
Obr. 4 Dulkova koroze, neleptana struktura, svételny mikroskop
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ST, j o .a..{a
Fig. 5 Ferrite-pearlite structure, etched Nital
Obr. 5 Feriticko-perliticka struktura, leptano Nital

=55 e SRR
Fig. 6 Detail of pitting corrosion, etched Nital
Obr. 6 Detail dillkova koroze, Leptano Nital

The partial corrosion damage was observed for the
external side of the pipe because of the combustion
products of natural gas at high temperatures (800 °C).

N

Fig. 7 External

side of the pipe, etched Nital
Obr. 7 Vngjsi strana trubky, leptano Nital
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Conclusions

From a structural assessment, it can be stated that the
pipe with ferrite-pearlite microstructure and the M,S
content will be susceptible to corrosion damage which
mainly occurred on the inside part of the surface. The
occurrence of sediment superposes the pitting corrosion.
A consequence of pitting corrosion can lead to localized
penetration of the pipe wall but it is problem if the pipe
is in operation. We recommend further research for
analysis of the sediments and evaluation of mass losses.
It is possible to design such cleaner that could extend or
replace the current cleaner for cleaning inner surfaces
of pipes.
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The given paper is focused on the problems relating to the mechanical fatigue and it is also devoted to the
investigation of the lifetime for the selected material which was used for preparation of samples. The given samples
were investigated with help of testing device SCHENCK. The vibration stress was obtained by using of cyclic
loading based on bending. The accumulation of the stress as well as change of service conditions can have the
influence on the damage or rupture of the operating part. The given damage or total failure can even occur without
any indication of rupture. Therefore, it is necessary to reduce or eliminate the effect of these undesired properties
and moreover, there is also an effort to find solutions for prolongation of the lifetime of operating part. The given
experimental work is mainly focused on performance of such tests which are closely connected with mechanical
fatigue because on the basis of these tests, it is possible to determine the material parametres and characteristics
which are needed for further evaluation as well as specification of material behaviour under the critical conditions.
To make the mutual comparison, the two types of austenitic chrome-nickel steels were used for preparation of
samples. The tests were carried out under the gradually increased loading and the selected frequency was 15 Hz. In
relation to the gradually increased loading during the testing, Wohler fatigue curve as well as the value for fatigue
yield point can be acquired. Nowadays, the investigation of the fatigue is mainly based on utilisation of the
numerical analysis and therefore, the results of mentioned experiments were used as input parametres for the
specification of physical and material characteristics which is based on creation of the computational analysis.
Using the numerical program system based on the finite element method (FEM), the given computational analysis
was used for simulation of loading. In terms of FEM, the program software of ADINA 8.8.0 was used.

Keywords: fatigue, Wohler fatigue curve, numerical analysis, FEM

Prispevok sa zaoberda problematikou mechanickej unavy a Zivotnosti materialu vzoriek, ktorych experiment bol
uskutocneny na zariadeni SCHENCK. Kmitavé napdtie sa dosiahne ohybovym cyklickym zataZenim vzorky pri
rotacii pri roznych hladindach zatazenia. Kumuldciou poskodenia a zmenou prevadzkovych podmienok moze nastat
poskodenie suciastky bez ndznaku porusSenia a preto sa snazime znizovat ucinok tychto neZiaducich viastnosti
a hladame moznosti ako zvysit Zivotnost materialu. Experiment je venovany skiusSke mechanickej unavy pre
stanovenie materialovych parametrov, charakteristike Strukturalnych vlastnosti a sledovaniu zmien materialovych
vilastnosti, pretoze zmena tychto viastnosti a parametrov ovplyviiuje celkové vysledné chovanie konstrukcii a ich
sucasti. Pri tejto skuske sme na porovmanie pouzili skusobné vzorky s kruhovym prierezom austenitickej
chromniklovej ocele STN 17 240 a austenitickej chromniklovej ocele STN 17 346 pri odstupniovanom zatazeni
a frekvencii 15 Hz. Vysledkom skusky na odstupniovanych hladindch zatazenia je Wéhlerova krivka unavy a hodnota
medze unavy. V dnesnej dobe sa vyskum v oblasti unavy zaoberd najmd numerickou analyzou a vysledky
z experimentu budu vstupnymi parametrami na zadefinovanie fyzikalnych a materialovych charakteristik pre druhu
cast prace, kde sa budeme zaoberat vytvorenim vypoctovej analyzy, ktord ndm umozni simuldciu zatazZenia vyuzitim
vypoctovéeho programoveho systému na baze metody konecnych prvkov — MKP, kde vyuzijeme programovy softvéer
ADINA 8.8.0. Pre zjednodusenie vypoctov bude simuldcia rieSenda ako linedrna uloha. Tdto praca bude
predstavovat’ kombinovany vyskum experimentu v oblasti unavy namdahanim, numerickou analyzou na zdklade
mechanickych a unavovych vlastnosti, naslednym vyhodnotenim a komparaciou ziskanych vysledkov, co prinesie
nové pohlady, ale aj vysledky pre dalsi vyskum a rozvoj aplikacie riesenej problematiky mechanickej unavy.

Kracové slova: unava, Wohlerova krivka unavy, numericka analyza, MKP
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Nowadays, the research of the fatigue lifetime is
focused on comparison of experimental results to the
results based on numerical analysis. The given paper is
closely connected with performance of such tests which
are closely connected with the mechanical fatigue
because on the basis of these tests, it is possible to
determine the material parametres which are needed for
further evaluation as well as specification of
materialbehaviour under the critical conditions. Besides
the material characteristics of structural or construction
properties, the changes of material properties are also
investigated because all these factors have significant
influence on the resulting behaviour of material
constructions and their parts. The mentioned tests were
preformed for the samples with the round cross-section
while the two types of steels were used for their
preparation in order to make comparison. The samples
were prepared from austenitic chrome-nickel steels with
designations: STN 17 240 and STN 17 346 (designation
is based on the Slovak Technical standard). The
determination of Wohler curve and knowledge in
relation to the material and geometrical data for
investigated material represent the basic requirement for
determination of the input parametres in relation to the
numerical analysis. From the aspect of the given
numerical analysis, it enables us to perform the
simulations for cyclic loading while ADINA 8.8.0
program which is based on utilisation of numerical
finite element method is used [1].

Characteristics of construction steels

The chemical analysis was performed with help of
spectral method using spark discharge excitation and the
basic mechanical properties were obtained on the basis
of the static tensile test. The chemical composition for
both construction steels is presented in Tab. 1 and 2.
The results relating to the mechanical properties are
shown in Tab. 3 [2].

Tab. 1 Chemical composition of the 17 240 material
Tab. 1 Chemické zlozenie materialu 17 240

C Mn Si P S
Material | 0.065 | 0.58 1.05 | 0.024 | 0.011
17 240 Cr Ni Mo Cu W

19.09 | 742 | 017 | 0.06 | 0.058

Tab. 2 Chemical composition of the 17 346 material
Tab. 2 Chemické zlozenie materidlu 17 346

C Mn Si P S
Material | 0.042 | 0.50 | 1.50 | 0.028 | 0.014
17 346 Cr Ni Mo Cu W

16.70 | 896 | 2.05 | 036 | 0.065

Tab. 3 Mechanical properties of the materials
Tab. 3 Mechanické vlastnosti materidlov

. Rpo,2 Rwm o o
Material [MPa] [MPa] A [%] Z [%]
17 240 263 642 65.5 77.1
17 346 255 559 66.8 77.2

The microstructure of the sample representing 17 240
steel (Fig. 1) is mainly formed by polyhedric grains of
austenite and particle of delta-ferrite can be found in the
surface layers.

e
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Fig. 1 Microstructure of the 17 240 steel
Obr. 1 Mikrostruktira ocele 17 240

The microstructure of the sample representing 17 346
steel (Fig. 2) is also formed by polyhedric grains of
austenite but the given austenitic structure is coarse-
grained in comparison to the microstructure of 17 240
steel. Moreover, it has to be also mentioned that the
occurrence of the delta-ferrite is only sporadic.

n

0 pm

Fig. 2 Microstructure of the 17 346 steel
Obr. 2 Mikrostruktara ocele 17 346

Mechanical fatigue test

Using testing device SCHNECK, the fatigue tests were
performed. The initial stress (o;) for the first one tested
rod with round cross-section was selected and in
relation to this initial stress, it was less by 10 MPa in
comparison to the highest admitted R, for the given
material. The distance (a) of the ballast weight was
calculated for the given diameter of the rod. After the
fracture of the first one rod, the gradation scale of the
stress was specified for each one sample while the
frequency of loading was still the same and it was 15 Hz.
The test was performed in the mentioned way until the
critical values of the stress were recognized. The critical
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values of the stress represent the values at which the
tested rod withstands the number of cycles which are
selected as the basis for the determination of the fatigue
yield point and therefore, it is necessary to perform also
the control test at least of one rod. The given control test
is performed for the same or even less loading by 15
MPa. The testing process is performed continuously (the
test is not allowed to be interrupted and the end of this
test is based on the occurrence of the fracture (Fig. 3) or
the visible crack (Fig.4) and this fact has to be
mentioned in the documentation relating to the test [3].

Fig. 3 Fatigue fracture of the material
Obr. 3 Unavovy lom materialu

Fig. 4 Fatigue crack of the material
Obr. 4 Unavova trhlina materialu

Sample model

The basic model of the sample was created using
ADINA 8.8.0 program. In relation to the fatigue tests
under the cyclic loading, the smooth rod is used for
preparation of the samples. The ends of the samples are
wider because of better clamping and the cross-section
of the thinner tested part is strictly predefined. The input
parametres for analysis included Poisson ratio, modulus
of elasticity for the tested austenitic chrome-nickel
steels and all important values representing the critical
conditions. On the basis of the mentioned input
parametres, the mesh was generated (Fig. 5) [4].

K x

Fig. 5 Mesh of the model
Obr. 5 Siet’ modelu

In relation to the analysis of the lifetime, the linear,
elastic material model was selected on the basis of the
created bending moment in time intervals regarding to
the ends of the model [5].

Fig. 6 Numerical analysis
Obr. 6 Numericka analyza

Results and discussion

The following tables (Tab. 4 and 5) represent the
measured values (results) which were obtained on the
basis of the fatigue test while the given experiment was
performed with help of device SCHNECK and there are
also the values which were obtained on the basis of the
finite element method.

Tab. 4 The results of the fatigue test for 17 240 steel
Tab. 4 Vysledky skasky unavy ocel’e 17 240

17 240  [MPa] Numbeli\lof cycles
1 259.75 13 000
2 249.16 15 300
3 238.58 32 700
4 228.00 45900
5 218.61 102 900
6 208.03 270 200
7 197.44 10 468 200
8 186.86 10 102 800
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Tab. 5 The results of the fatigue test for 17 346 steel
Tab. 5 Vysledky skusky unavy ocel’e 17 346

17 346 o [MPa] Numbeli\I of cycles
1 253.86 13 200
2 249.16 23 600
3 238.58 64 300
4 228.00 84 100
5 218.61 131 100
6 208.03 211 800
7 197.44 10 205 600
8 186.86 10259 100

On the basis of the obtained data for gradually increased
loading, Wohler fatigue curves were created (Fig. 7).

Fig. 7 Wohler fatigue curve for the 17 240 and 17 346 materials
Obr. 7 Wohlerova krivka inavy materialu 17 240 a 17 346

Conclusions

The given paper is closely connected with the analysis
of the fatigue lifetime for construction or structural
materials which are under the cyclic loading. During the
experiment as well as under the real conditions, there
are complex mechanical, chemical and physical
phenomena in the tested sample or in the operational
part. According to the mentioned fact, it is necessary to
find the way which can help us to generate or create the
accurate results for verification of the results obtained
on the basis of measurements. Besides the results
relating to mechanical properties of material, there are
chemical composition, microstructure description as
well as fatigue tests for two different types of steels in
the paper. All the mentioned parametres, features,
properties are important from the aspect of creation of
Wohler fatigue curves for these two different types of
austenitic chrome-nickel steels [6].The precise geometry
is also necessary because of numerical analysis because
this analysis is important for creation of the
computational model. Furthermore, in relation to the
numerical analysis, the physical as well as material

characteristics have to be strictly defined utilizing table
values as well as values based on experimental
procedures and it can help us to find the most effective
and accurate results. In relation to the fatigue lifetime,
the numerical analysis is performed with help of
ADINA 8.8.0 program and it is based on the finite
element method. The main aim of the paper was to
show whether there was any accordance between values
based on experimental investigations and values based
on the numerical analysis while the evaluation was
connected with the fatigue lifetime. The created
simulation was solved as the linear equation because of
simplification of the calculations. In this paper, there is
the combination of the experimental investigation and
numerical analysis while the experimental part is
connected with the occurrence of the fatigue under the
cyclic loading and numerical part is based on the
calculation of the mechanical as well as fatigue
properties [7]. The obtained results are going to be used
for specification of lifetime for glass moulds but they
can be also the contribution in relation to the field of
material engineering because the evaluation and
comparison of the obtained results can be the stimulus
for further investigation as well as development and
progress of used applications with regard to the problem
including mechanical fatigue.
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Structural Changes of Selected Materials after Thermal Shocks

Struktiirne zmeny vybranych materialov po teplotnych Sokoch
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The given paper is closely connected with the investigation of the structural changes for selected material which is
exposed to the thermal shocks. The investigated material was supposed to be used in such industrial sphere where it
has to withstand extremely high temperatures. The heating of the selected material was simulated under the
specified conditions to optimize the structure of the given material loaded thermally. On the basis of this simulation,
it was possible to specify the first one initiation of the failure. Toolox 33 is the material which was the subject of our
investigation and this material was compared to Dominial ZF2 which is commonly used for manufacturing of
moulds in the glass industry. From the economical aspect, there was the proposal that Toolox 33 could be used as
replacing material of Dominial ZF2. According to this proposal, it was necessary to perform a lot of investigations
in relation to the structural changes of the given tested material. The attention was paid to the microstructure
imperfections because these imperfections represent the first initiation of the failure. On the basis of the experiments
and obtained results, the material Toolox 33 is not recommended to be used for manufacturing of moulds in
glass industry.

Keywords: thermal shocks, fracture surface, initiation of the failure, structural changes

Praca sa zaobera studiom Strukturnych zmien vybranych materialov vystavenych tepelnému namahaniu. Vzhladom
k tomu, Ze sa jednd o materialy vyuzivané na sucasti, ktoré su teplotne zatazené v prevadzke, boli podla toho
navrhnuté experimenty. Tepelné namdhanie bolo simulované ohrevom materidlu na vysoké teploty, rychlym
ochladenim tolkymi cyklami, ktoré je material schopny vydrzat do prvej iniciacie poruSenia. Jednd sa o material
Dominial ZF 2, ktory sa bezne vyuziva v sklarskom priemysle pre teplotne namahané formy alebo predformy, ktoré
su v interakcit so sklovinou. Firma z ekonomického hladiska navrhuje novy typ materidlu, ktory sa do sucasnej doby
v sklarskom priemysle nepouzival. Jedna sa o ndhradu za Dominial ZF 2 kde je navrhovany materidal Toolox 33.
Z toho dovodu boli sledované a porovndvané tieto vybrané materialy. Tieto materidly pri rovnakych teplotnych
cykloch boli nasledne vystavené statickej skuske v tahu. Skuskou v tahu boli ziskané lomové plochy, ktoré boli
fraktograficky hodnotené. Z lomovych ploch sa da usudit' charakter porusovania tychto materialov aj na ich
mikroStruktiire. Pozornost bola venovanda nedokonalostiam mikrostruktury, ktoré su prvotnymi iniciatormi
poruSenia hlavne v teplotnych Sokoch. Na zaklade experimentov a ziskanych poznatkov nedoporucujeme material
Toolox 33 pre sklarsky priemysel. Literdrne reserse potvrdzuju tento zaver tym, ze aj ked tieto ocele patria do
skupiny koroziivzdornych materidlov ich sprdavanie za vyssich teplot je superponované aj koroziou a mechanickym
opotrebenim, ¢im sa skracuje ich zivotnost. Z experimentov a Studia Struktur sa da predpokladat, Ze samotny
material, aj ked je koroziivzdorny a odolny proti korozii, bude musiet byt aj povrchovo upraveny. Odporucame
navrhnut taku povrchovu upravu, ktord zvysi zivotnost tychto materidlov pouzivanych v sklarskom priemysle.
Konkrétne upravy na materiali ZF 2 odskusat’ na formach a predformach priamo v prevadzke.

Kracové slova: teplotné soky, lomova plocha, iniciacia porusSenia, Strukturne zmeny

Production of the construction and technical objects is  for high resistant components have to be resistant to
closely connected with requirements for enhancement corrosion, heat as well as fire.

material quality because the final products are exposed
to heavy-duty in-service conditions. These requirements
include thermal, mechanical as well as chemical
resistance of the given material [1]. The steels which
withstand high temperatures and mechanical load are
required to be used for production of such components
which are under the high thermal stress. The steels used

The paper deals with evaluation of the material Toolox
33 which could be used as a replacing material of
Dominial ZF 2. Dominial ZF 2 is the material which is
used for production of components under the high
thermal stress. Components under the high thermal
stress can also be found in a glass industry. The moulds
and pre-moulds are commonly made of Dominial ZF 2.
There was the proposal to investigate any other type of
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material in order to prolong the lifetime of the pre-
mould and mould. During operation time, there is the
occurrence of material degradation processes which
cause large number of the undesirable factors and these
are summarised in Fig. 1. The selected steels were
exposed to extreme thermal loading in order to simulate
critical conditions which can lead to specification of
material behaviour at high temperatures. The materials
were exposed to short-term thermal shocks at
temperatures from 800 to 900 °C and subsequently, they
were cooled quickly. To predict the occurrence of the
failure of the components, it is necessary to pay
attention to observations of structural changes and
mechanical characteristics which can occur during the
thermal shocks in materials. The mentioned prediction
is related to the lifetime of the specific components and
it also connected with the selection of the right material.

Steel vs. hot molien glass

l

Negative effects

l
l

-
-

Creep
load

Thermal shocks
Thermal fatigue
Mechanical
Wear
Diffusion
Corrosion

Fig. 1 Negative effects — “steel vs. hot molten glass”
Obr. 1 Negativne vplyvy vyskytujuce sa v oceli vs. hortca sklovina

The introduced negative effects occurring during the
operation time are closely connected with the reduction
of the lifetime and they have great effect on production
of final glass products with their imperfections [2].

Experimental part

Dominial ZF 2 is high-alloyed CrNi steel with austenitic
structure and its chemical composition is shown in
Tab. 1. Toolox 33 is hardened steel with extremely high
hardness 300 HBW with martensitic structure. The
chemical composition of the materials is given in
Tab. 1. These materials have been determined by
chemical composition which is given according to the
standards but the materials which were investigated did
not exhibit the same chemical composition in
comparison to the standards which were supplied by the
company. According to the mention fact, the chemical
composition was inspected on the basis of the
performed chemical analysis and wusing this
supplemented chemical analysis for the specified area,
the content of various elements was calculated
statistically.
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Tab. 1 Chemical analysis of the material ZF 2 and Toolox 33
(ICDAM-CTU, Prague)

Tab. I Chemicka analyza materidlu ZF 2 a Tooloxu 33 (CVUT-
ICDAM, Praha)

Chemical composition [wt. %]
Materials ZF 2 Toolox 33
C 0.12 0.25
Al 0.26 0.15
Si 1.31 0.92
S 0.10 *
Cr 28.61 1.47
Mn 1.06 0.84
Fe 47.99 91.41
Ni 15.36 *
A% * 0.17
Mo * 0.71

The proposal of the geometry for the sample under
the thermal shocks

In relation to the testing machine, proposal of sample
geometry corresponds to the methodology requirements
for testing under the thermal shocks. Test equipment has
been obtained by modification of the resistance spot
welding machine. The middle of the sample (with
diameter 8 mm) represents the critical area which is
under the highest stress because of thermal shocks and
these thermal shocks were simulated by the modified
resistance spot welding machine. The selected
temperature was in the range from 800 to 900 °C and
this temperature corresponds to the temperature of the
hot drops of molten glass. The temperature gradient has
to be high enough to gain the simulation at the
maximum load (although the mentioned maximum load
has not be commonly seen during the operation). On the
basis of this simulated condition, it was possible to
observe the structural reaction and changes of a given
material. In relation to these changes, the given material
was able to be observed from the aspect of the specified
thermal cycles.

The thermal loading

The researched materials were exposed to thermal
shocks at temperatures from 800 to 900 °C and then,
the samples were cooled for 5 sec. in the cooling the
water medium and this process was repeated until the
crack initiation. During the experiment, the determined
conditions were the same for all tested material samples.

The structural evaluation

Before and after thermal shocks, the tested samples of
Dominial ZF 2 and Toolox 33 were prepared
metallographically and their microstructure was
evaluated in longitudinal and cross-sectional direction.
Metallographic observation was carried out for the
middle of the sample because there was the largest
concentration of heat. The microscopic evaluation was
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performed for both materials at various magnifications.
The starting microstructure of Toolox 33 consists of
a martensitic structure (Fig. 2) and residual austenite.
Martensitic structure is kept but there is only the
change in occurrence of the residual austenite which is
much more visible (Fig. 3).

Fig. 5 Character of crack
Obr. 5 Charakter trhliny

Microstructure of Dominial ZF 2 was formed by
austenitic structure with the non-uniform grain size and
it is shown in Fig. 6. The twins of different sizes were
¥ : > observed in the austenitic grains. Character of austenitic
Fig. 2 Toolox 33 before thermal shocks grains after thermal shocks is shown in Fig. 7 where the
Obr. 2 Toolox 33 pred teplotnymi Sokmi occurrence of the carbide phases is much more visible.

Fig. 3 Toolox 33 after thermal shocks . o
Obr. 3 Toolox 33 po teplotnych okoch Fig. 6 Dominial ZF 2 before thermal shocks

Obr. 6 Dominial ZF 2 pred teplotnymi Sokmi

From the aspect of crack initiations, it is necessary to
know the purity of the initial microstructure and it can
be determining factor for recognition of the initiated
crack. The evaluation of the micropurity of Toolox 33
sample under its surface led to specification of
occurrence of carbonitrides (Fig. 4).

Fig. 7 Dominial ZF 2 after thermal shocks
Obr. 7 Dominial ZF 2 po teplotnych Sokoch

The evaluation of micropurity showed the occurrence of
oxides, carbonitrides and non-formable silicates

(Fig. 8).

Fig. 4 Detail of carbonitrides
Obr. 4 Detail karbonitridov

The influence of thermal stress led to the formation of
failure in the area of grain boundaries. Fig. 5 shows the

connection of three different cracks in austenite and
they were spread along the grain boundaries.

50 pm
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Fig. 8 Micropurity of Dominial ZF 2 - base material
Obr. 8 Mikrocistota Dominialu ZF 2 - zékladny material

In fractographic terms, the fracture surfaces were
evaluated and the tested samples for both materials were
compared mutually after the static tensile test as well as
before thermal cycling and after thermal cycling [3]. On
the basis of macrofracture observation (see Fig. 9 and
Fig. 10), it can be pointed out that there is a different
character of fracture surfaces in relation to the observed
materials. In comparison to the Dominial ZF2, visible
areas of cracks in all directions were observed for
Toolox 33.

Fig. 9 Toolox 33 non-cycled
Obr. 9 Toolox 33 necyklovany

Fig. 10 Dominial ZF 2 non-cycled
Obr. 10 Dominial ZF 2 necyklovany

Fig. 11Toolox 33 - 40 cycles
Obr. 11 Toolox 33 - 40 cyklov
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Fig. 12 Dominial ZF 2 — 40 cycles
Obr. 12 Dominial ZF 2 - 40 cyklov

On the basis of the detailed examination of the surface
fracture it can be stated that there is a ductile void
failure Fig. 11, Fig. 12.

After 60 cycles, the material Toolox 33 exhibited the
disintegration of the grains and dendrites had the initial
character (Fig. 13 and 14). It can be assumed that grains
could be molten at such high temperatures. The
intercrystalline failure was observed for the material
Dominial ZF 2.

Fig. 13 Toolox 33 — 60 cycles
Obr. 13 Toolox 33 — 60 cyklov

Fig. 14 Dominial ZF 2 — 70 cycles
Obr. 14 Dominial ZF 2 - 70 cyklov

After the maximum cycles (80 cycles), centralized
striations were observed. These striations represented
the cycles causing the layered structure around the
circumference of the sample (Fig. 15).
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Fig. 15 Toolox 33 — 80 cycles
Obr. 15 Toolox 33 — 80 cyklov

After 80 cycles, Dominial ZF 2 (Fig. 16) exhibited two
typical areas in fracture surface. The fracture surface
was porous and typical with its disintegrity.

Fig. 16 Dominial ZF 2 — 80 cycles
Obr. 16 Dominial ZF 2 - 80 cyklov

Detailed views (Fig. 17 and 18) show the degradation
process at high temperatures and maximum number of
cycles. The selected areas for fracture surfaces have the
different degree of degradation.

Fig. 17 Toolox 33 — 80 cycles
Obr. 17 Toolox 33 — 80 cyklov

Fig. 18 Dominial ZF 2 — 80 cycles
Obr. 18 Dominial ZF 2 - 80 cyklov
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Conclusions

The simulated tests of the thermal shocks were proposed
because of different failure character of material during
its operation. Furthermore, the degradation process is
increased due to the corrosion environment. According
to the evaluations of the microstructure and all obtained
results, it can be concluded that the material with worse
purity has higher tendency to be more susceptible in
relation to the thermal loading. From the aspect of the
micropurity, both types of materials seem to be the
same. Toolox 33 can be considered as much more brittle
in comparison to Dominial ZF 2 because it can be seen
not only in fracture surfaces but also in strength
characteristics. According to the obtained results, we do
not recommend to use Toolox 33 for manufacturing of
glass moulds and pre-moulds. In addition, we
recommend the surface treatment of Dominial ZF 2 in
order to prolong the lifetime of the components for
processing of glass.
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Study of the Influence of Different Transition Metal Ions on the Thermal
and Spectral Properties of Materials with Biologically Important Heterocyclic
Compounds

Stidium vplyvu rdéznych iénov prechodnych kovov na termické a spektralne
vlastnosti materialov s biologicky vyznamnymi heterocyklickymi zli¢eninami
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This paper is focused on the study of the influence of different transition metal ions (Ni*',Co*) on the thermal
properties of materials with biologically important heterocyclic compound including M(NCS),(fpy)s and
M(NCS),(bfpy); (M = Ni, Co) where fpy is furo[3,2-C]furopyridine and bfpy is benzo[2,3-c]furopyridine (new
pharmacophores with potential antipsychotic activity with the furopyridines ring system). Thermal decomposition of
Ni(ll)complexes consists of the three specific steps but thermal decomposition of Co(Il) complexes consists of two
steps. The influence of different transition metal ions on the thermal properties of studied materials is evident. The
thermal stability of the studied Ni(Il) complexes ( the temperature of the first peak on the DTG curves) is higher
than thermal stability of Co(1l) complexes. Spectral measurements indicated end-bonding of NCS groups.

Keywords: Furopyridines, Ni’* and Co’" ions, thiocynate anions, thermal decomposition, antipsychotic activity

Predkladand prica sa zaoberd Stidiom vplyvu réznych iénov prechodnych prvkov (Ni*', Co’") na termické
vlastnosti  materidalov s biologicky vyznamnymi heterocyklickymi  zluceninami, menovite M(NCS),(fpy)4
a M(NCS),(bfpy), (M = Ni, Co, fpy-furo[3,2-c[pyridin a bfpy - benzofuro[3,2-c]pyridin. Furopyridiny patria medzi
heterocyklické zluceniny, ktoré su zlozkami viacerych vitaminov a lieciv (nové farmakofory s potencidalnou
antipsychotickou aktivitou obsahuju furopyridinovy systém). Aj nikelnaté a kobaltnaté iony vykazuju vyznamné
biologické vlastnosti. Nikel je stopovym prvkom v zZivych organizmoch. Z funkcie niklu ma vyznam najmd
aktivizovanie mnohych enzymov, podielajucich sa na metabolizme sacharidov. Podporuje funkciu viacerych
hormonov (napr. inzulinu). Podporuje tiez posobenie Zeleza, a tak chrani organizmus pred anémiou z nedostatku
zeleza. Vyplyva to zo skutocnosti, Ze pri anémii sa zistily nizke hodnoty niklu v krvi. Suvisi to s tym, Ze spolu
s kobaltom a Zelezom je katalyzdatorom niektorych katalytickych reakcii anzymov, pricom spoluposobi aj s vanddom.
Enzymy obsahujuce nikel katalyzuju klucové reakcie v energetickom a dusikovom metabolizme pri prokariotickych
baktéridch. Izotop kobaltu “Co patri medzi esencidlne mikroprvky. Tvori siicast vitaminu B, a zasahuje do
niektorych enzymatickych reakcii. Vitamin B;; nahradza dve fyziologicky délezité funkcie: redukciu roznych
organickych zlucenin a viazanie metylovej skupiny. Kobalt sa prostrednictvom vitaminu B, ziicastiiuje na tvorbe
krvi a urychluje dozrievanie erytrocytov. Pri Studiu stechiometrie termického rozkladu skumanych zhicenin
pomocou TG a DTG sa zistilo, Ze molekuly furopyridinov pri Ni(ll) materidaloch sa uvolnuju v dvoch stuproch,
zatial’ o pri Co(ll) materialoch len v jednom stupni. Vplyv roznych ionov prechodnych kovov na stechiometriu
termického rozkladu skumanych materidalov je zrejmy. Termickd stabilita skumanych materialov stanovend na
zdklade teploty prvého piku na DTG krivkich je vyssia za pritomnosti Ni** iénov, v porovnani s Co’" ionmi
Spektralne merania potvrdili koncovo viazané NCS skupiny cez atom dusika..

KPacové slova: Furopyridiny, Ni°* a Co’" iény, tiokyndtové aniény, tepelny rozklad, antipsychoticka aktivita

Many authors have studied heterocyclic compounds as  in discovering many biologically active compounds.
ligands in coordination compounds with transition =~ New pharmacophores with potential antipsychotic
metal ions understood as central atoms and they have  activity posses the furo [3,2-c] pyridines ring system
also investigated their biological properties [1-3]. [5]- In our previous papers, we described the thermal
Especially six-membered ring systems are a component  properties of Mg(II) and Cu(ll) compounds with
of several vitamins and drugs [4]. The investigation of  biologically important compounds [6-10]. This work is
quinoline isoesters (furopyridines), in which the  aimed on the comparison of stoichiometry of thermal
benzene ring is replaced by furan ring has also resulted =~ decomposition of isothiocyanato Ni(II) and Co(II)
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compounds with furo[3,2-c]pyridine (fpy) and benzo-
furo-[3,2-c]pyridine (bfpy) (fig. 1). 8].

1) I
/
O O
a) b)
Fig. 1 Structures of furo [3,2-c] pyridine (a) and benzo [2,3] furo
[3,2-c] pyridine (b)

Obr. 1 Struktiirne vzorce furo [3,2-c] pyridinu (a) and benzo [2,3] furo
[3,2-c] pyridinu (b)

Experiment
Synthesis of Ni(II) and Co(II) complexes

Complexes Ni(NCS),(fpy)4(I), Ni(NCS),(bfpy), (II)
Co(NCS),(fpy)s (III) and Co(NCS)y(bfpy)s(IV) and
were prepared by treating (0,002 mol) fpy or bfpy with
Co(NCS),.6 H,O (0,001 mol) in methanol (50 ml). The
solutions were kept at room temperature. The fine
precipitated monocrystals were filtered off, washed with
cold methanol and dried at room temperature.

Measurements

The contents of C, H, and N were determined by
elemental analysis. Thermal properties were studied
with a Derivatograph OD 102 (MOM Budapest) in air
atmosphere with a sample mass of 150 mg,
measurement temperature was from room temperature
up to ~ 800°C and heating rate was 10°C.min"". These
mentioned conditions were used for all measurements.

The infrared (IR) spectra were obtained on a Philips
analytical PV 9800 FTIR spectrometer using KBr
tablets in the range 700-1200 cm™.

Results and discussion

Presented in tab. 1, the analytical data of the studied
complexes show a good agreement between the
experimental and calculated data.

The data for the thermal properties of the complexes I-
IV are shown in tab. 2.

Tab. 1 Analytical data of studied complexes I-IV
Tab. 1 Analytické idaje skiimanych zlucenin I-IV

Theoretical [%] Experimental [%]
Complex C o N C o N
Ni(NCS),(fpy)+(1) 55.32 3.10 12.90 5491 3.02 12.85
N‘(NCS)Z)(MPY)“(H 6488 331 987 | 6355 330 979
C"(NCS);(fPY)"(IH 5530 3.09 1290 | 5515 269  13.00
C"(NCSQ;)(MW)“(I 6486 331 987 | 6379 327  9.60
Tab. 2 Thermal decomposition data of the compounds I-IV
Tab. 2 Udaje o termickom rozklade zlu¢enin I-IV
DTG TG
Complex Tmax [°C] Temp[.OICn]terval Am(found/calc.) [%] | Lost component
180 130 - 190 36.1/36.6 2 fpy
1 230 190 - 340 36.2/36.6 2 fpy
380 340 - 450 12.5/12.9 SCN,CN
243 127 - 284 50.5/49.7 2,5 bipy
11 307 284 - 350 29.7/29.8 1,5 bipy
383 350 - 450 9.8/9.9 SCN,CN
1 178 120 - 445 73.50/73.12 4 fpy
588 445 - 675 13.00/12.90 SCN,CN
v 188 130 - 447 80.00/79.44 4 bfpy
538 447 - 610 10.50/9.87 SCN,CN
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The thermal decomposition of the complexes
Ni(NCS),(fpy)4(I) and Ni(NCS),(bfpy)4(1l) is a multi-
stage process. TG and DTG curves indicate that mass
loss occurs at ~130 °C (complex I) or ~127 °C (complex
II) and these three mass loss steps were observed. The
first step between 130-190 °C (I), or 127-284 °C (1) is
accompanied by 36.1 %(I) or 50.5 %(II) mass loss and it
corresponds to the release of 2 fpy (I) or 1.5 bfpy(II).
The second step took place between 190-340 °C (II) or
284-350 °C (II) and it is accompanied by ~36.2 %(I) or
29.7 %(1II). It is attributed to the release of the remaining
2 fpy (I) or 1.5 bfpy (II). The third step took place
between 340-450°C (I) or 350-450°C and is
accompanied by 12.5 % mass loss (I) or 9.8 % mass loss
(II). It is attributed to the decomposition of the
Ni(NCS), to NiS. The thermal decomposition scheme is
as follows (L = fpy or bfpy):

Ni(NCS),L; — Ni(NCS),L; (x=2 (D or 1,5()) (1)
Ni(NCS),L; — Ni(NCS), )
Ni(NCS), — NiS 3)

The TG and DTG curves for the complex

Co(NCS),(fpy)4 (III) indicate that it is stable up to
~120 °C and complex Co(NCS),(bfpy)4 (IV) is stable up
to ~130°C. The release of furopyridine and
benzofuropyridine molecules takes place during the one
step. The mass losses corresponding to the
decomposition steps are ~73.5 % (complex III) or 80 %
(complex IV) and they are in good agreement with the
theoretical values (tab. 2). It corresponds to the presence
of one intermediate decomposition product Co(NCS)s.
The thermal decomposition scheme is as follows (L =

fpy or bfpy):

Co(NCS),Ls — Co(NCS),
Co(NCS), — CoS

“4)
)

The modes of the NCS groups in the studied complexes
have been investigated by means of IR spectra. The IR
frequencies attributed to the vcy and veg at the
complexes I-IV are reported in tab. 3. In accordance
with literature data [11], tab. 3 shows that for studied
complexes, the NCS groups are end-bonded through the
nitrogen atom (M-NCS).

Tab. 3 Some IR spectral data for complexes I-IV
Tab. 3 Niektoré udaje infracervenych spektier komplexov I-IV

. Complex [cm™]
Assignment
I 11 11 1A%
venNCS 2072 2074 2065 2059
vesNCS 801 802 783 775
Conclusions

All of the complexes are stable in air and soluble in
water, ethanol, methanol and dimethylsulfoxide. The
loss of the neutral heterocyclic ligands occur (obtained
from DTG curves) in two steps (complexes I and II) or
one step (complexes III and IV). The influence of
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different transition metal ions (Ni*" or Co*") on the
stoichiometry of thermal decomposition of studied
materials is evident. The thermal stability of the Ni(II)
compounds (on the basis of the temperature of the first
peak on the DTG curves) is higher than thermal stability
of Co(II) compounds.

Spectral (IR) data are in agreement with M-N(NCS)
bound in studied complexes.
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Numerical Analysis of Stress States for Cast Iron with the Spheroidal Shape
of Graphite

Numericka analyza napiatovych stavov liatiny s gul’0¢kovym tvarom grafitu
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The given work is focused on numerical analysis of the stress states for cast iron with the spheroidal shape of
graphite. The analysis was made with help of finite element method in the software system ADINA.v.8.6.2. On the
basis of the real structure, the finite element method was used for creation of the model which was subsequently
used for calculation of the stresses distribution of the structure of material. The he input data for numerical analysis
were obtained on the basis of evaluation of the structure by help of image analysis. The utilisation of the numerical
analysis is closely connected with the new possibilities and new opportunities of material engineer who can perform
modelling of material structures and he can also make simulations for various types of loading. Moreover, the
utilisation of the numerical analysis enables engineer to observe particles which have atypical microstructure
shape. The given analysis proved that the graphetic particles in the matrix cause the concentration of the stress and
the extension of the given stress depends on the shape of the graphetic particles.

Keywords: numerical analysis, stress distribution, cast iron, spheroidal shape of graphite

Rozvoj numerickej analyzy je uzko spdty s moznostami a novymi pristupy v ramci vypoctového modelovania a ich
naslednej simulacie pre rézne druhy zatazenia Struktury materialu. Prdca sa zaoberda numerickou analyzou
napdtovych stavov liatiny s gul6ckovym tvarom grafitu. Analyza bola vykonana metédou konecnych prvkov
v softvérovom prostredi ADINA.v. 8.6.2. V ¢lanku je strucne popisana Struktura tvarnej liatiny s gul6ckovym tvarom
grafitu. Vstupné hodnoty pre numericku analyzu metodou konecnych prvkov sa ziskali z hodnotenia Struktury
obrazovou analyzou. Vyuzitie numerickej analyzy konecnych prvkov umoziiuje pozorovanie castic s atypickymi
mikroStruktiirnymi rozmermi, ale tato analyza sa vyuziva aj v réznych oblastiach vedy a vyskumu. Vypoctove modely
Struktury boli vytvorené v 2-D oblasti pomocou trojuholnikovych trojuzlovych elementov pre dva typy Struktury
liatiny s gul6ckovym tvarom grafitu (Obr. 1, 2). Velkost elementov bola stanovend na zaklade citlivostnej analyzy
(Tab. 1). S vyuzitim tejto analyzy bola stanovend velkost elementov 0,5 um. Analyzovana oblast bola vo velkosti
0,5x0,5 mm. Numericka analyza sa uskutocnila pre 750 vypoctovych modelov. Na zdklade redlnej Struktury
materialu bol vytvoreny konecno-prvkovy model, z ktorého sa vypocitalo rozlozenie napdtia v grafitickej Struktire
liatiny. Struktira grafitickej liatiny zavisi od vplyvu mnohych faktorov zahfriajiic chemické zloZenie a austenitickii
transformaciu. Rozmery grafitickych castic zavisia od rychlosti krystalizacie a poctu eutektickych faz v tavenine.
Z numerickej analyzy vyplyva, Ze grafitické Castice svojou existenciou v matrici spésobuju koncentraciu napdtia
a velkost' koncentrdacie napdtia bude zavisiet od tvaru grafitickych Ccastic. Koncentracia napdtia sa zvicSuje
nepravidelnostou grafitickej castice. Najpriaznivejsie rozdelenie je pri ovalite tvaru gule. Ukazuje sa tu nova oblast
vyuzitia vypoctovych prostriedkov pre analyzu stavu Struktury materialu v oblasti napdtovych, frekvencnych
a tlmiacich vlastnosti materialu.

Krucové slova: numerickd analyza, distribucia napdtia, liatina, gul6ckovy tvar grafitu

The progress of the numeric processes is closely simulation has played an important role because of
connected with the new possibilities and new finding out of properties and suitability of usage of the
opportunities of material engineering including  given material before its production.

modelling of structures of materials and their

simulations for various types of loading. The process of = The finite element method allows us to operate with
deformation is connected with the foreseeability and atypical parameters of microstructure. Nowadays, this
understanding of microstructure properties because it is  method is commonly used in the various scientific fields
really important for knowledge and specification of and spheres. In addition, the most common usage can be
defect formations of castings during the process of their ~ found in mechanics, materials engineering, thermo-
production or during the moulding processes [1, 2]. In  dynamics and biomechanics etc. [3, 4]. All types of
the recent years, the microstructure modelling and its  simulations reduce the given specific construction
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process and there is also opportunity to test or investigate
the model at various working conditions and loadings.

Structure of cast iron with the spheroidal
shape of graphite (SGCI)

The structure of the basic metallic microstructure of
SGCI influences many factors. Two of these many
factors are very important because they are connected
with the differences of characteristics of austenite
transformation which is carried out at unchanged
conditions. Influence of chemical composition and
influence of cooling speed are the given and important
two factors which are mentioned hereinbefore.
According to this mentioned fact, there can be the
occurrence of ferritic, ferritic-pearlitic or pearlitic
structure for cast irons (Fig. 1 and Fig.2).
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Fig. 1 Microstructure of SGCI, zoomed 100x
Obr. 1 Mikrostruktura tvarnej liatiny s gul6¢kovym grafitom,
100 nasobné priblizenie

Fig. 2 Microstructure of SGCI, zoomed 100x
Obr. 2 Mikrostruktura tvarnej liatiny s gul'6¢kovym grafitom,
100 nasobné priblizenie

Moreover, structure as well as properties of SGCI can
be influenced by alloying process and thermal treatment
in some particular limiting cases. SGCI belongs to iron
carbon alloys and there are also other elements. Its
structure consists of basic metallic substance — matrix
and the graphite can be found in this matrix. This
graphite has a specific shape. It is sort of the regular
granular grains. From the aspect of the shapes, this
shape of graphite has the least notch or impact effect.
Due to this fact, SGCI has very good mechanical
properties and therefore SGCI can be included among
the most common materials which are suitable for
manufacturing of castings [5, 6].

Evaluation of the microstructure by image
analysis

Image analysis of the microstructure (SGCI Fig. 1 and 2)
is carried out for the purpose of obtaining of basic data
which are needed for formation of the model that is
identical with real state of cast iron. The image analysis
was used for evaluation of number of graphetic
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particles, content of graphite and shape of graphite (via
shape factor) and the content of ferrite in basic material
was evaluated for etched samples. Shape factor K
represents the circularity and if the value equals to
number one, it means that it is circle but if the value
equals to number zero, it means that it is straight line.
According to the mentioned facts, the circularity can be
calculated by help of equation:

_4r A

P? (1)
where 4 is an area of the particle and P is
a circumference of particles. The shape factor can
acquire values [7]:
for lamellar graphite: K < 0.27;
for vermicular graphite: K = 0.27 + 0.60;
for spheroidal graphite: K > 0.65.

K

Selection of type of finite elements and size
of element

Tab. 1 Sensitivity analysis toward the size of elements
Tab. 1 Analyza citlivosti voc¢i velkosti zin

Size of elements Oyy [ (o OHMH
0.01 1.215 0.0516 0.012 1.042
0.009 1.209 0.0461 0.0033 1.038
0.008 1.208 0.0464 0.0055 1.036
0.007 1.225 0.0371 0.0185 1.059
0.006 1.489 0.146 0.048 1.211
0.005 1.501 0.16 0.028 1.206
0.004 1.780 0.246 0.0011 1.388
0.003 1.947 0.271 0.0060 1.510
0.002 2.385 0.384 0.013 1.819
0.001 2.800 0.310 0.0069 2.247
0.0009 2.780 0.285 0.164 2.270
0.0008 2.904 0.266 0.048 2.369
0.0007 2.861 0.237 0.0821 2.358
0.0006 2.925 0.215 0.0864 2.436
0.0005 2.931 0.180 0.0089 2.467
0.0004 2918 0.146 0.013 2.479
0.0003 2916 0.107 0.007 2.507

Where g,, — stress in the direction of loading, [MPa]; o..— stress which
is perpendicular to direction of loading, [MPa]; o,. — shear stress,
[MPa]; o — equivalent stress with reference to HMH theory, [MPa]

The designed model of SGCI material structure was
connected with performance of sensitivity analysis
(Tab. 1) relating to change of intensity of stress
distribution around the graphetic particles. The
graphetic particles are designed as cavities without
finite element mesh. On the base of the sensitivity
analysis, the determined size of elements was 0.5 um.
This mentioned size of elements ensures good
uniformity and accuracy of resolution and the error is
not higher than 2.5 %. Linear triangular elements
(Fig. 3) are used for solution. Geometric model was
made up for 10 % graphetic proportion in structure, the
number of particles was 200 pieces per squared
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millimeter and size was chosen in the interval from
30 um to 60 pm.

Fig. 3 The types of elements for 2-D areas
Obr. 3 Typy elementov pre 2-D oblasti

Geometric model of SGCI

The shape of the graphetic particle has a significant
influence on size of eigenfrequences as well as there is
the influence on state of surrounding stress. If we want
to evaluate the quality of graphetic particle, we have to
determine some geometric characterizations which
describe  the mentioned particle. The given
determination is also closely connected with the method
of measurement of these characterizations [8]. The
precise description of boundary relating to graphetic
particles can be obtained only during the process of
evaluation of results of FEM analysis. This partial
restriction is caused by impossibility to obtain any other
description of boundary. It can be done only by help of
mesh of finite elements.

The first phase of preparation of models is concerned
with determination of basic model properties. Matrix
could be considered to be a homogenous structure with
the linear dependency deformation — stress. Graphetic
particle could be the cavity which could be designed in
a specific way and it means that the mesh of the finite
elements would not be created in the area of this cavity.
This type relating to modelling of graphetic particles is
possible because of their properties: low tension and
frequent decohesion from matrix. Calculation as well as
statistic evaluation of results could be done only after
generation of large number of geometric models and in
this case, the generation should be done for
approximately 750 models. During the solving of given
task, we decided to create the automatic model
generator which operates on the base of generating of
random numbers [8].

From the point of view of materials engineering, the
preparation of geometric model is closely connected
with the utilization of characteristic data of SGCI (for
purpose of definition of input data). The mentioned
characteristic data were obtained on the base of visual
image analysis of the experimental material:

e number of graphetic grains for I mm*: 100+ 300 units,
o average diameter of graphetic grain: 0.01 + 0.08 mm,
e area proportion of graphite in the structure: 4 + 12 %.

The portion of graphetic skeleton depends on
crystallization rate (growth is subjected to diffusion of
carbon) and amount (proportion and number) of eutectic
units especially depends on number of nuclei in molten
mass (treating agents). These two mentioned factors
have significant influence therefore they are the

27

determinative factors for area proportion of graphite in
the structure. On the base of the given mentioned fact
hereinbefore, we generated the mesh from points which
were connected together and these points can be also
understood as representatives of potential centres of
graphetic particles. The auxiliary parameter was used
for their generation. This auxiliary factor specifies
minimal distance between particular graphetic particles.
For determination of the given diameter of graphetic
particle, we have to generate the auxiliary mesh of
points with the sufficient density, for example 100x100
points and then we can specify the number of points
which belong to individual centres of graphetic
particles. The mentioned process is the principle for
determination of area proportion for graphite and it is in
relation to the individual graphetic particles with the
respect to number and size. According to this fact, it is
possible to determine the diameter of the individual
graphetic particles. This type of change relating to
generation of models is connected with the elimination
of many problems including size, distribution and
number of graphetic particles. On the other side, the
diameter of particle can be understood as function of
mutual position of graphetic particles and it means that
there is not any possibility of occurrence of such
particles which would be disproportional from the
aspect of “largeness” or size and it also means that there
is the elimination of occurrence of too “small” particles
of spheroidal graphite. According to these properties,
the algorithm was supplemented by control of scattering
relating to size of graphetic particles. In case that the
given scattering runs over the determined values, the
selection relating to centres of graphetic particles is not
suitable for any other analysis and therefore these
unsuitable particles are not utilized for any other
analysis. The algorithm which was made in this way
fulfils all qualitative as well as quantitative parameters.
This given algorithm is also supplemented by ability of
shape variation for graphetic particles.

Software solution of algorithm is connected with software
Octave (share-ware version of Matlab) which is able to
generate input file for software GID where spline curves
are used for solutions in the area relating to individual
graphetic particles. End points of spline are identical but
they are not continuous. The post editing of spline curves
can help us to obtain continuous areas which represent
graphetic particles. Subtraction of the area for graphetic
particles from the whole area of investigated model is
used for obtaining of resultant geometric model without
graphetic particles whereby the boundaries of the model
are continuous. This obtained geometric model is saved
in IGES format. FEM in software ADINA is used for
consecutive analysis because this software allows
downloading of geometric data in IGES format. The
results of generated “graphetic particles” in software
Octave can be found in the Fig. 4. Arbitrary structure of
material can be represented by graphetic particles which
are randomly generated for creation of the model of
various size and shape.
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a) b)

Fig. 4 Geometrical (numerical) model (a) and (b) for SGCI

Obr. 4 Geometricky (vypoctovy) model (a) a (b) tvarnej liatiny
s gul'6¢kovym grafitom

Fig. 5 The distribution of stress around graphetic particles of SGCI
for model in Fig. 4a

Obr. 5 RozlozZenie napitia okolo grafitickych ¢astic tvarnej liatiny
s gul'6¢kovym grafitom pre model na obr. 4a

Fig. 6 The distribution of stress around graphetic particles of SGCI
for model in Fig. 4b

Obr. 6 Rozlozenie napitia v okolo grafitickych Castic tvarnej liatiny
s gul'6¢kovym grafitom pre model na obr. 4b

As it has been said, graphetic particle can be understood
as a cavity in the structure of material with its various
size and shape. The whole problem is based on the
solution of the two-dimensional system. The limiting
conditions can be represented by taking of degrees of
freedom from the whole circumference relating to
model. The linear material model with the respect to
Young’s modulus, also known as tensile modulus £ =
2.1-10° [MPa], Poisson’s ratio v = 0.3 and mass density
p = 7850 [kg/m’] is used. The area of the resolving is
determined for one or more graphetic particles with the
size of 0.5x0.5 mm, while graphetic particles are
generated in the area of 0.45x0.45 mm. This chosen
ratio for area of resolution, where graphetic particles are
generated, means elimination of influence including
eigenfrequences which can be connected with the
closeness of boundary for area of resolution.
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The Fig. 5 and 6 represent only distribution of stress
around the graphetic particles for model (Fig. 4a and 4b).

Conclusions

Existence of graphetic particles in matrix causes
concentration of stress and the intensity of the given
stress depends on the shape of graphetic particles. The
concentration of stress is increased by irregularity of
graphetic particle. The most perfect distribution is found
out for spheroidal shape relating to sphere. The
mentioned process relating to investigation can be used
for any other types of cast iron structures. The results
which are obtained on the basis of analyses represent
the first information about loading and properties of the
whole system or structure of material and the given
results can be used as input data during the further
investigation of the mentioned material.
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The paper deals with the influence of abrasion which significantly contributes to the damage of material for the
functional water machines parts besides the corrosion and cavitation. The striking edges of impeller and diffusion
ring wheel blades belong to the areas which are the most stressed by the abrasive wear. That is the reason for
a research of new materials that would allow prolonging the lifetime of blades and safety of the entire turbine
besides traditional corrosion resistant steel 1.4313. At present, ductile cast iron is one of the materials suitable for
the manufacture of blades for some types of hydraulic turbines. According to the mentioned aspect, these materials
along with heat treated ductile cast iron ADI (Austempered Ductile Iron) were compared. Microstructural analysis
was performed. Material properties (yield strength R, / Ry, tensile strength R,, , elongation A, hardness HBW and
impact energy KV / KU) were measured. The abrasive wear was also simulated by help of specially constructed
testing equipment.

Keywords: water turbine, blade, abrasive wear, corrosion-resistant steel, ductile cast iron

Prispévek je venovan viivu abraze, kterd se vedle koroze a kavitace vyznamné podili na porusovani materialu
funkcnich casti vodnich strojii, a snizuje tak provozni spolehlivost predevsim Kaplanovy, Peltonovy a Francisovy
turbiny. Mezi nejvice namahanda mista abrazivnim opotiebenim patii nabézné hrany lopatek rozvadecich a obéznych
kol. Dopadajici tvrdé castice unasené proudem vody (pisek a pod.), zpuisobuji postupné obrusovani a omilani
lopatky, ¢imz se méni jeji geometrie a tim i celkovd ucinnost a vykonnost vodni turbiny. Z tohoto ditvodu je snaha
najit nové materialy, které by vedle tradicni korozivzdorné oceli 1.4313, umoznily prodlouzit Zivotnost lopatek
i bezpecnost celé turbiny. Mezi materidaly, vhodné na vyrobu lopatek pro nékteré typy vodnich turbin, patii
v soucasnosti i litina s kulickovym grafitem. Proto tyto materidly, doplnéné o litinu s kulickovym grafitem, tepelné
zpracovanou postupem ADI (Austempered Ductile Iron), byly podrobeny vzdjemnému hodnoceni. Byla provedena
mikrostrukturni analyza, byly zméreny materidalové charakteristiky (mez kluzu R, mez pevnosti v tahu R, taznost A,
tvrdost HBW a razova prace KV / KU) a na specialné sestrojeném zkuSebnim zarizeni bylo simulovano abrazivni
opotrebeni. Z metalografického hodnoceni oceli 1.4313, ktera byla v odlitém a nasledné popusténém stavu byla
patrna martenziticka struktura. Litina s kulickovym grafitem méla perliticko-feritickou mikrostrukturu (lamelarni
perlit, feritické dvorce kolem grafitu, podil feritu 10 %), pricemz grafit byl rovnomérné rozloZeny, dokonale
i nedokonale zrnity o velikosti 0,03 az 0,06 mm. Tato litina byla dale izotermicky zuslechténa na stav ADI. Toto
tepelné zpracovani zmeénilo puvodni perliticko-feritickou matrici na stejnorodou strukturu dolniho bainitu, pricemz
morfologie grafitu ziistala zachovana. Simulace abrazivniho opotiebeni probihala na tvarové a rozmeérové stejnych
vzorcich za konstantnich podminek (uhel natoceni vzorkii, rychlost otdaceni, koncentrace abraziva - kiemicity pisek
avoda, doba vystaveni vzorki abrazivnimu piisobni, casovy interval vymény abraziva). Test abraze byl
vyhodnocovan zjistovanim hmotnostniho ubytku po 5-ti hodinovych intervalech vystaveni vzorku abrazivnimu
ptisobeni, maximalné vsak do doby 15-ti hodin. Z diuvodu rozdilné hustoty zkoumanych materialit byl hmotnostni
ubytek vyjadren jako procentuadlni ubytek vahy vzorku od piivodni vahy pred testem abraze. Z vysledkii je patrno,
ze nejmenstho ubytku po 15-ti hodinach simulované abraze je dosazeno u litiny s kulickovym grafitem (12,34 %),
poté u korozivzdorné oceli 1.4313 (13,43 %) a nejvétsi ubytek u izotermicky zuslechtené litiny ADI (14,84 %).

Z provedenych zkousek vyplyvad, zZe vhodnou alternativou ke klasické martenzitické oceli 1.4313 muze byt pro
vybrané typy vodnich turbin litina s kulickovym grafitem. V pripadé tepelného zpracovani litiny s kulickovym
29
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grafitem (ADI) bylo predpokladdno vyrazné zlepsSeni mechanickych vlastnosti a tim i odolnosti proti abrazivnimu

opotrebent, které nebylo potvrzeno [1,2,4].

Klic¢ova slova: vodni turbina, lopatka, abrazivni opotiebeni, korozivzdorna ocel, litina s kulickovym grafitem

In addition to corrosion and cavitation, it is abrasive
wear that contributes most significantly to the
degradation of water turbines. The given degradation is
especially connected with the impeller and diffusion
ring blades. Magnitude of the abrasive effect is based on
the abrasive properties (hardness, geometry of the
particles impinging on the blade surface, distribution of
the particles), medium characteristics (speed, incidence
angle of the particles) as well as the blade material. At
present, the martensitic corrosion resistant steel 1.4313
and ductile cast iron are the most used materials for the
manufacture of the water turbines parts. These materials
were compared and their mechanical properties and
abrasion  resistance =~ were investigated. = Their
microstructure was also documented. In the case of the
ductile cast iron with original pearlitic - ferritic matrix,
there was an assumption that by the appropriate heat
treatment in order to achieve ADI state (Austempered
Ductile Iron) a homogeneous matrix structure consisting
of lower bainite will be achieved and mechanical
properties and wear resistance will be improved.
Therefore, the cast iron in a state of ADI was evaluated
and compared to the stainless steel 1.4313 as well as the
ductile cast iron in original state [1-3].

Experimental details
Materials

The commonly used martensitic corrosion resistant steel
1.4313 and ductile cast iron in original state and in state
of ADI were the materials which were subjected to the
study. Their chemical composition in weight percentage
is shown in Tab. 1 and 2.

Tab. 1 Chemical composition of steel 1.4313
Tab. 1 Chemickeé slozeni oceli 1.4313

C Si Mn Ni Mo
Steel <0.05 0.7 0.47 3.63 0.65
1.4313 Cr S P N Fe
12.2 0.02 0.01 0.02 rest
Tab. 2 Chemical composition of ductile cast iron
Tab. 2 Chemické slozeni litiny s kulickovym grafitem
C Si Mn Ni Mg
Steel 3.6 2.5 0.1 1.0 03
1.4313 Cu S P N Fe
0.7 0.01 0.05 0.01 rest
Mechanical properties
Strength and plastic characteristics of the studied

materials was measured by the tensile test at ambient
temperature according to DIN EN ISO 6892-1.
Toughness was determined by Charpy impact test at
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room temperature according to DIN EN ISO 148-1 for
samples with U or V notch and hardness was based on
Brinell test and it was measured in accordance to CSN
EN ISO 6507.

Abrasive wear testing

Abrasive wear was simulated by help of the specially
constructed equipment into which the prepared samples
of studied materials with well-defined dimensions were
inserted. The samples were fixed to the rotor part of the
testing machine under constant angle and immersed into
the abrasive medium (silica sand and water). The
rotation speed of the samples in the abrasive medium
was constant during the test. Based on the conditions
hereinbefore, it was possible to compare the different
materials from the aspect of weight losses after the same
time intervals. Weight loss was recorded three times
after every 5 hours (the maximum duration was
15 hours). Between the measurement cycles, the used
abrasive was replaced by the new one while its
concentration was maintained to be constant.
Development of wear of all samples was photo-
documented with a stereomicroscope as well.

Results and discussion

Steel 1.4313 showed martensitic structure in tempered
state as shown in Fig. 1. Ductile cast microstructure
consisted of pearlite - ferritic matrix. Ferrite content was
10 % and it was around graphite particles. Pearlite was
in lamellar form. By graphite assessment according to
DIN EN ISO 945-1, the graphite was uniformly
distributed and the size of the graphite particles was in
the range from 0.03 to 0.06 mm (Fig. 2). The presented
chemical composition of the ductile cast iron (Tab. 2)
shows that copper and nickel are present. They inhibit
the graphite globularization and it is the reason for the
imperfect form of graphite. However, these two
elements increase the hardenability which was involved
in isothermal transformation of the cast iron into ADI
state. By the means of heat treatment, the ductile cast
iron (austenitization temperature of 910 + 3 °C, dwell of
60 minutes, rapid cooling to isothermal transformation
temperature of 280 °C with a dwell time of 90 minutes
followed by the additional cooling to the ambient
temperature) was transformed from the initial pearlitic -
ferritic matrix into a matrix consisting only of the lower
bainite. The graphite morphology, i.e. size, shape and
distribution remained entirely preserved - Fig. 3 [3].
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Fig. 1 Microstructure of steel 1.4313
Obr. 1 Mikrostruktura oceli 1.4313

Fig. 2 Microstructure of ductile cast iron
Obr. 2 Mikrostruktura litiny s kulickovym grafitem

Fig. 3 Microstructure of austempered ductile iron
Obr. 3 Mikrostruktura litiny s kuli¢ckovym grafitem ve stavu ADI

The measured values of mechanical properties are
shown in Tab. 3. It is apparent that the ultimate tensile
strength of the heat treated cast iron has been increased
more than twice in comparison to its initial state and
furthermore, the hardness value of this heat treated cast
iron has been increased almost by 50% in comparison to
steel 1.4313. Ductility which was negligible in both
states of ductile cast iron value is halved. Corrosion
resistant steel had similar values in comparison to
ductile cast iron in the initial state.

The results of the abrasion test are in Fig. 4 - 6 and also
in the graph in Fig. 7. Visual appearance of samples for
all tested materials before and after the abrasion test was
documented. The samples after 15 hours testing are
shown on the right side of the images.
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Tab. 3 Mechanical properties of examined materials
Tab. 3 Mechanické hodnoty zkoumanych materiala

Unit Steel Ductile ADI cast
1.4313 cast iron iron
R, [MPa] 666 483 1469
R, [MPa] 766 684 1510
A [%] 14 2.8 1.2
HBW [-] 235 268 343
KV/KU [ 116 (KV) 2.9 5.4

Fig. 4 Steel 1.4313 before and after the abrasion test
Obr. 4 Ocel 1.4313 pied a po zkousce abraze

Fig. 5 Ductile iron before and after the abrasion test
Obr. 5 Litina s kulickovym grafitem pfed a po zkousce abraze

Fig. 6 Austempered ductile iron before and after the abrasion test
Obr. 6 Izotermicky zuslechténa litina pfed a po testu abraze
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Fig. 7 Values for weight loss during the abrasion test
Obr. 7 Hodnoty hmotnostnich tibytktl v pribéhu testu abraze

Based on the abrasion test, there is the significant
change of the blade geometry and shape due to the
intensive wear of the striking edge during repeated
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interaction between abrasive particles and material.
Abrasion magnitude increases approximately as a linear
function with the duration of the test. The results
confirm the positive effect of cast iron morphology
(lamellar pearlite and its content in the ferrite-pearlite
matrix of cast iron) in relation to the resistance to
abrasive wear. In spite of all expectations, there was not
higher abrasion resistance of the isothermally heat
treated cast iron consisting of bainite and residual
austenite in comparison to the cast iron which had the
same chemical composition and pearlitic matrix.

Conclusions

Based on the performed experimental procedures it can
be stated that the ductile cast iron attains sufficient
resistance to abrasive wear. If its good corrosion
properties are confirmed then it could be a suitable
alternative to conventional alloyed steels for the
manufacturing of parts of several types of water turbines
with regard to production technology and economic
demands.
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The main objective of the given paper is connected with the effort to find the reason of surface rupture relating to
the construction surface represented by shaft which was made of material designated as 42CrMoS4. The non-
metallic inclusions were recognized in the structure on the basis of microstructural investigation as well as hardness
test was performed for semi-products used for manufacturing of shaft. When the heterogeneous phases are observed
for the microstructure, the following manufacturing process (e.g. machining process with occurrence of chips) leads
to the undesired release of particles and this release is closely connected with failure of the structure. The final part
of the presented work is connected with the recommendations including permanent control of initial material to
eliminate problems which occur on the basis of shaft failure.

Keywords: finishing cutting methods, surface defects, non-metallic inclusions, microstructure, hardness, cracks

Praca sa zaobera hladanim pric¢iny povrchového poruSenia konStrukéného povrchu — hriadela, vyrobeného
z materialu 42CrMoS4. Pri priebeznej kontrole hriadelov defektoskopickou skuskou boli detekované povrchové
poruSenia rozpracovanych vyrobkov, ktoré v urcenych miestach boli potvrdené aj makroskopickym pozorovanim
s vyuzitim stereomikroskopu. Suciastka, ktora bola podrobend dokladnému skumaniu a analyze, bola dodana
firmou, ktora patri k poprednym svetovym dodavatelom hydraulickych sustav a komponentov pre mobilné pracovné
stroje. Zmena kvality findlneho vyrobku moéze byt spésobena medzioperacnymi postupmi, ktoré mozno odhalit
pomocou defektoskopickej skiisky. Na zdklade tejto skusky boli vyznacené na rozpracovanom vyrobku v stredovej
oblasti hriadela porusenia materialu a tymto poruseniam bola venovand pozornost ako z makroskopického, tak aj
mikroskopického hladiska. Odhalenie priciny povrchového poskodenia, ako aj druh a rozsah poskodenia hriadela
mozu byt vychodiskovym materialom pre Specifikdaciu moznych zmien, ktoré mozu nastat’ v zakladnom materiali ako
vysledok medzioperacnych postupov. Na zdklade odhaleného porusenia hriadela bolo nutné venovat pozornost aj
vychodiskovému materialu, z ktorého bol hriadel’ vyrobeny. K dispozicii bolo Sest odrezkov vychodiskového
polotovaru — tycového materidalu, z ktorého boli narezané priecne rezy pre zhodnotenie mikrocistoty. U jednej
z dodanych tyci, ktora sa pouzila na odber a pripravu vzoriek, boli na povrchu identifikované necelistvosti, a preto
sa pristupilo k dokladnému metalografickému skumaniu. Na zaklade mikrostrukturneho skumania doplneného
skuskami tvrdosti je mozne preukdazat vyskyt nekovovych vtrusemin v Strukture. Pokial su pritomné rozne
heterogénne fazy v Strukture, dochddza pri dalsom spracovani, napr. trieskovym obrabanim, k vytrhavaniu Castic
a k naruSeniu mikrostruktury. V zdaverecnej casti predkladanej prace je odporucanie kontroly vychodiskového
materialu, ktora by eliminovala problémy, ktoré vznikaju porusenim povrchu hriadela [1, 2].

Kracové slova: dokoncovacie operdcie, povrchové vady, nekovové primesky, mikrostruktura, tvrdost, trhliny

Using the defectoscopy test, the continuous control led
to the detection of the surface failure of the parts which
were under the machining process.

The failure sites were also observed by help of stereo-
microscope in more detailed way and this observation
confirmed the occurrence of the mentioned defects. The
given tested component part was supplied by company
which belongs to the most famous and world wide
suppliers of hydraulic assemblies and components for
mobile operating machines and therefore the given
company has to pay attention to the semi-operation

problems which can be the signal for the change of
product quality. The brief sketch of the final product is
shown in the Fig. 1.

Based on the defectoscopy test, the central area of the
tested shaft semi-product was designated as the area of
the defects and therefore the given areas were subjected
to the macroscopic as well as microscopic observation.
The given shaft semi-product was made of the material
designated as 42CrMoS4 and it can be seen in the Fig. 2.
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Fig. 1 The shaft
Obr. 1 Hriadel’

Fig. 2 The failure of the shaft before the further processing operation
Obr. 2 Porusenie hriadel'a pred d’al§im spracovanim

The main objective of the given work was to find out
the reason of the surface rupture or failure leading to the
more detailed identification of the type of failure.
Furthermore, the investigation of the mentioned semi-
product was performed in order to reveal the extension
of the failure as well as its influence on the initial or
basic material [3].

Experiment

The first one step of the experimental part was
connected with the evaluation of the basic or initial
material which is commonly used for production of the
shafts. The detailed observation as well as analysis
showed that there was the occurrence of the disintegrity
in some sites and therefore, the given sites were
subjected to the metallographic investigation. The given
metallographic investigation can be seen in the Fig. 3.

Properties of the 42CrMoS4 steel

The shafts are commonly made of the chrome-
molybdenum noble steel which, on the other hand,
contains only a small amount of the given alloying
elements and the higher through-hardening is the typical
feature of the mentioned steel which is subsequently
used for production of heavy-duty components into
machines. Considering the advantages of this steel, the
given steel is not susceptible to the temper brittleness.

The hardening process is carried out under the less
penetrative hardening conditions because there is
possibility relating to occurrence of the cracks or
surface failures as the results of the hardening process
while the given mentioned cracks can be commonly
observed in the sites with the notch impact. After
hardening process, the mentioned steel is resistant to
adhesion and abrasion wearing. The chemical
composition of the investigated 42CrMoS4 steel is
shown in the Tab. 1.

The important material parameters representing the
mechanical properties of the steel 42CrMoS4 after its
ennoblement can be seen in the Tab. 2.

Tab. 1 Chemical composition of 42CrMoS4 steel
Tab. 1 Chemické zlozenie ocele 42CrMoS4

Chemical composition [wt.%]
C Cr Mn Mo Si S P

0.38 | 0.9 0.6 | 0.15 | max. | 0.02 | max.
0.45 1.2 0.9 0.3 04 | 0.04 | 0.025
Tab. 2 Mechanical properties of the material 42CrMoS4
Tab. 2 Mechanické vlastnosti materialu 42CrMoS4
Mechanical properties
Proportions [mm] 16 <d<40
Yield point [MPa] Re > 750
Ultimate tensile strength [MPa] | Rm = 1000 - 1200
Elongation [%)] A>11
Reduction in cross-section [%] | Z>45 %
Notch toughness [J] KV >35

Metallographic analysis

On the basis of the defectoscopy test which revealed the
defect of the shaft, the second step was closely
connected with the investigation of the initial or basic
rod material which was used for manufacturing of the
shaft. The initial material was represented by 6 pieces of
the rod semi-products which was used for achievement
of cuttings and these cuttings were used for preparation
of the samples subjected to the micropurity evaluation
in their cross-section. Using the stereo-microscope, the
disintegrity of the surface was detected for the
investigated rod and it can be seen in the Fig. 3. The
sites with the disintegrity were designated in order to
prepare the samples for metallographic investigation.

The disintegrity on the surface

Fig. 3 Initial material — the disintegrity on the surface
Obr. 3 Vychodiskovy material — necelistvost’ na povrchu

The evaluation of the micropurity showed that there was
the occurrence of the non-metallic inclusions in the
central site as well as under the surface.

On the basis of the shaft disintegrity (grooves) which
was found out by the macroscopic observation (Fig. 3),
the cross-sectional cuts were prepared because of more
detailed specification of the type of the internal failure.
The cross-sectional area of the metallographic section
exhibited the occurrence of the crack accompanied with
oxide phases as well as overlapping microlayer and they
are presented in the Fig. 4. The length of the crack was
approximately 0.135 mm and the depth of the given
crack was approximately 0.12 mm (Fig. 4a). Furthermore,
the overlapping microlayer was detected under the
surface around the periphery of shaft cross-section and
its depth was 0.026 mm (Fig. 4b).
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a) b)

Fig. 4 a) The cross-section — crack on the surface area of the shaft,
zoomed 200x; b) Overlapping microlayer under the surface
around the periphery of shaft cross-section, zoomed 200x

Obr. 4 a) Prieny rez — trhlina v mieste povrchového poskodenia,
zv. 200x; b) Mikroprelozka po obvode prie¢neho rezu hriadela,
zv. 200x

Fig. 5 Cross-section in the area with the surface defect of the shaft;
zoomed 200x

Obr. 5 Prie¢ny rez v mieste vyskytu povrchového porusenia
poskodeného hriadel’a; zv. 200x

Fig. 6 Macroinclusions — basic material of the damaged shaft — cut in
the longitudinal direction; zoomed 100x

Obr. 6 Makroinklizie v zakladnej casti poruseného hriadela —
pozdizny rez; zv. 100x

The evaluation of the rod cross-section in the central
area revealed the occurrence of the accumulated
impurities. Furthermore, the cavity in this central area
was also recognized and these impurities as well as
cavity can be seen in Fig. 5. The size of the mentioned
cavity was approximately 0.33 mm. Based on the
detection mentioned hereinbefore, the metallographic
section relating to the longitudinal direction was
prepared for the selected and specified area of the rod.
The given metallographic section was used for detailed
recognition of the oxide macroinclusions. The length of
the area referring to the detected macroinclusions was
approximately 12.5 mm and it was documented in Fig. 6
according to the specification of HMS 142 (attributing
to DIN 50 602). The occurrence of sulphides was
observed in relation to detailed view of micropurity
corresponding to the degree of 3. According to the
specifications in STN EN 10 247 standards, the detailed
view of the micropurity can be seen in Fig. 7.

The microstructure of the damaged shaft in the area of
the crack detection (Fig.4) was composed of high-
tempered martensite (fine sorbite) and e-carbide. The
microstructure of the etched as well as non-etched

cross-sectional area of the sample is shown in Fig. 8.
The decarbonisation of the initial or basic material was
not observed.

a) b)

Fig. 7 Sulphide phases — cut in the longitudinal direction: a) zoomed
80x; b) zoomed 800x

Fig. 7 Sulfidické fazy — pozdlzny rez: a) zv. 80x; b) zv. 800x

Fig. 8 The microstructure of the damaged shaft — crack area, zoomed
400x
Obr. 8 Mikrostruktira poskodeného hriadel’a v oblasti trhliny, zv. 400x

In relation to the base or initial material used for shaft
manufacturing, the changes of the microstructure were
connected only with the technology of the material
forming treatment. The Fig. 9 consists of the individual
selected images representing the microstructure of the
basic or initial material which was cut in longitudinal
direction. The given microstructure was documented for
the periphery and the central area of the metallographic
sample (Fig. 9a-d) at the different resolutions.
According to the analysis of the mentioned structures,
the semi-product used for shaft manufacturing exhibited
fine arrangement of the particles in non-uniform lines
under the surface in the marginal area. Much more
uniform arrangement of particles was observed for the
central area. The arrangement of the carbide particles is
not such distinctive at resolution of 200x because
arrangement of the particles is not circumscribed
clearly. In relation to the further shaft manufacturing,
the microstructure is still acceptable and therefore, the
semi-material can be used for production of the final
product — shaft. The detailed image of the given
microstructure is shown in the Fig. 10.

a) marginal area — cut in a longitudinal direction; zoomed 50x
a) okraj — pozdlzny rez, zv. 50x

b) central area — cut in a longitudinal direction; zoomed 50x
b) stred — pozdlzny rez, zv. 50x

¢) marginal area — cut in a longitudinal direction; zoomed 200x
c¢) okraj — pozdlzny rez, zv. 200x
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d) central area — cut in a longitudinal direction, zoomed 200x
d) stred — pozdlzny rez, zv. 200x

Fig. 9 Microstructure — cut in the longitudinal direction
Obr. 9 Mikrostruktura okraja a stredu vzorky — pozdlzny rez

a) marginal area central area

b) marginal area central area
Fig. 10 Detail of the microstructure of marginal and central area — cut
in the longitudinal direction; a) zoomed 150x, b) zoomed
800x
Obr. 10 Detail mikrostruktury okraja a stredu vzorky — pozdizny rez;
a) zv. 150x, b) zv. 800x

Measurement of shaft hardness

Brinell Harness Test — HBsyzs0 was used for the
measurement of the basic or initial material along the
length while the determined length corresponded to the
whole length of the shaft. The results of the
measurement are presented in Tab. 3. Referring to the
Tab. 3, the average values for hardness together with the
standard deviation of the measurement (HBs/750 = 302.4
+ 11.3) were performed in order to compare them to the
given specifications of HMS 142. According to the
specification which based on MHS142, HBs/759 = 290 —
327 is the specified hardness for material which is
designed as 42CrMoS4. If the given material exhibits
the mentioned values of hardness, it can be used for
shaft manufacturing. The determined sites of the
hardness measurement can be seen in the Fig. 2 (five
areas were selected for the measurement).

Tab. 3 The measurement of the hardness HBs750 along the whole
shaft length )
Tab.3 Meranie tvrdosti HBs/;s0 po dlzke hriadel’a

Hardness HBs/7s9
Number of 1 5 3 . S wvorage
measurements
HBss0 313 | 302 | 286 | 298 | 313 3%‘;*
Conclusions

In relation to this investigation, the given work is
closely connected with specification of the reason of
shaft damage. The given shaft damage was recognized
with help of the defectoscopy test during the final
inspection. In relation to the basic material, the areas of

the surface damage were designated on the shaft after
the semi-cutting operation. The given damaged areas
were documented in a macroscopic way. The length of
the detected and evaluated cracks was 11.5 mm. The
more detailed evaluation of the shaft micropurity led to
the specification of the overlapping microlayers and
cracks accompanied by impurities with the size of
0.135 mm and 0.026 mm. In the central area, there was
the accumulation of the impurities along with cavity and
the length of this cavity was 0.33 mm. Furthermore, the
uniform arrangement of the detected macroinclusions
and the length of the area referring to the detected
macroinclusions was approximately 12.5 mm. On the
basis of the mentioned facts, the analysis had to be
completed by analysis relating to the chemical
composition of the shaft. In comparison to the specified
chemical composition based on standards, the given
chemical analysis of the damaged shaft did not confirm
any change of chemical composition in relation to the
individual  chemical elements. The chemical
composition of the tested material was suitable for the
production of the shaft. The microstructure of the
damaged shaft in the area of the crack detection was
composed of high-tempered martensite (fine sorbite)
and e-carbide.

According to the specification which is based on
MHS142, the value for the micropurity of the material is
not allowed to be higher than K3 < 40. In addition,
according to the DIN 50 602, the inclusion is not allowed
to be higher than the critical admitted limit while this
critical admitted limit corresponds to the degree of 5. In
relation to these inclusions, the important fact is that the
critical limit of size was beyond the degree 5 and it is
connected with the occurrence of the macroinclusions
and it was the reason for shaft damage during the final
cutting procedure. The microstructure and hardness of the
evaluated semi-material for the shaft as well as the
microstructure and hardness of the shaft as final
component were in accordance with the determined
specifications which are based on standards [3].
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The given paper is closely connected with the quality relating to the microstructure of round cast iron rods which
are produced of material, the designation of which is EN-GJS-700-2. The mentioned round cast iron rods are
produced by help of specific method which is called continuous casting method. The given round cast iron rods are
used as semi-product for production of servo-piston into the servo-cylinder. In relation to this paper, from the
practical aspect, there is the serious danger of surface rupture, damage or imperfection because the servo-pistons
are commonly modified or treated by such methods as nitriding and hardening. EN-GJS-700-2 is a material
representing cast iron which is very sensitive to processing methods. The technology of the processing methods is
reflected in the final structure and therefore the paper is focused on investigation of the structures referring to the
selected areas of round rod while the given areas were selected randomly. The main aim of the investigation is
connected with the evaluation of the influence of the technological processing procedure on the structural
properties of the round rods of cast iron.

Keywords: cast iron, spheroidal shape of graphite, nitriding, hardening, microstructure, continuously cast rods

Dana praca sa zaobera riesenim problematiky, ktora je spdta s kvalitou makro a mikrosStruktury tyci liatiny EN-
GJS-700-2, ktore sluzia ako polotovar pre vyrobu piesta servovalca, pretoze kvalitna vyroba piesta servovalca je
podmienend prave dodrzanim technologie kontiliatia tyci. Material EN-GJS-700-2 je tvarna liatina, co je zliatina
zeleza, uhlika a dalsich prisadovych prvkov, kde je grafit vyluceny prevazne v tvare guléckovych castic oznacenych
ako liatina — liatina s gul6ckovym grafitom. Na mechanické viastnosti tychto grafitickych liatin ma vplyv nie len
charakter kovovej matrice, ale aj morfologia, velkost a rozlozenie grafitu. Tepelnym spracovanim sa meni kovova
matrica, ktora ovplyviiuje celkovo materialové viastnosti liatiny. Skumany material sa pouziva na vyrobu takych
sucasti, ktoré su znacne mechanicky namahané a medzi takéto sucasti patria aj piesty servovalcov. Piesty
servovalcov sui povrchovo upravované nitridovanim a kalenim, preto existuje velké nebezpecenstvo, Ze dojde
k vzniku nedokonalosti povrchu. KedZe material na vyrobu piestov je liatina, ktora je velmi ndarocna na volbu
povrchového spracovania, bolo potrebné zhodnotit' spravnost nitridovania a povrchového kalenia pracovnej plochy
piestu servovalca. Na metalograficky pripravenych vzorkéich sa zmerala hibka nitridovania a povrchového kalenia
a zarover sa stanovila tvrdost zakladného materialu podla Brinella a Vickersa. Technologia suvisiaca s odlievanim
kontiliatych tyc¢i liatiny EN-GJS-700-2 sa vidy zobrazi v konecnej Strukture. Z tohto dovodu sa prdaca venuje
skumaniu Struktiury pre nahodne vybrane miesta tyci, ktoré boli hodnotené pomocou svetelnej mikroskopie.
Mikrostruktury vybranych miest z liateho a tepelne spracovaného materialu sa hodnotili na svetelnom mikroskope
DMI 5000. Na zdklade tejto analyzy bol navrhnuty rezim tepelného spracovania za ucelom zlepSenia kvality
mikrostruktury a tvrdosti kontiliatych tyci. Po vyhodnoteni mikrosStruktury tepelne spracovanych kontiliatych tyci
podla navrhnutého rezimu tepelného sparacovania, boli z tychto uvolnenych polotovarov vyrobené piesty
servovalcov a nasledne bola zhodnotend aj finalna suciastka samotného piestu servovalca.

Krucové slova: liatina, gul6ckovy tvar grafitu, ntriddcia, kalenie, mikrostruktira, kontiliate tyce

In relation to the servo-piston into servo-cylinder
(Fig. 1), the quality of the servo-piston is subjected to
the processing technology, namely continuous casting.
The given processing technology has to be strictly kept
in order to obtain required semi-product which is
subsequently used for production of the servo-piston.
According to the mentioned fact, it was necessary to
evaluate the influence of the processing technology on

the structural properties of the round rods. The attention
was paid to the evaluation of the macrostructure (Fig. 2)
as well as microstructure. Cast iron with its designation
EN-GJS-700-2 is the material which is commonly used
for production of servo-pistons into the servo-cylinders.
This material is very sensitive from the aspect of the
selection of the appropriate surface treatment and
therefore, it was necessary to evaluate the processing
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conditions in relation to the nitriding and surface
hardening of the servo-piston into servo-cylinder. The
samples of EN-GJS-700-2 material were prepared in
order to make analysis of nitriding as well as surface
hardening procedures in relation to the service areas of
the servo-piston. The metallographic samples
(designated 1, 2, 3) were also subjected to measurement
of the depth relating to nitriding and surface hardening
process. Moreover, the hardness of the initial or basic
material was determined according to Brinell and
Vickers hardness tests.

Fig. 1 Sketch of the servo-cylinder
Obr. 1 Nacért servovalca

Fig. 2 Cross-sections of continuously cast round rods
Obr. 2 Prie¢ne rezy kontinualnych tyci

Experiment

In relation to the cast iron with designation EN-GJS-
700-2 which is used for production of round rods, the
final microstructure is based on the used technology and
in our case, the used technology is called continuous
casting. According to the mentioned fact hereinbefore,
the work is mainly focused on investigation of the
structures. The observation of the structures was
performed for the areas of round rods while the given
investigated areas were selected randomly. The light
microscopy was used for observation of the structures.
Based on the macroscopic observation of round rod
cross-sections (Fig. 2), the solidification of the material
was non-uniform and on the surface, there was the layer
which was expected to be etched in a different way. The
given layer exhibited non-uniform thickness around the
whole circumference and it means the change of the
microstructure through the cross-section of the round
rods. It was assumed that there was the occurrence of
the cementite. Furthermore, the thickest site reached the
value of 10 mm [3].

Fig. 3 shows the cut rods and there is also the
designation of the parts which were used for preparation
of the metallographic sections. In relation to the
microstructure evaluation, the prepared metallographic
sections were embedded into dentacryl in such a way to
obtain the largest area for observation.

a) b)

Fig. 3 Removal of the samples and prepared metallographic samples:
a) cross-sections; b) etched samples

Obr. 3 Odber vzoriek a pripravené metalografické vybrusy: a) priecne
rezy; b) naleptané vzorky

EN-GJS -700-2 — cast iron for servo-pistons

Material with designation EN-GJS-700-2 belongs to the
class representing ductile cast irons and it means that
this cast iron is the alloy of iron, carbon and other
additional elements and the graphite is mainly in the
shape of spheroidal particles which are designated as
cast iron — cast iron with the spheroidal shape of
graphite. The chemical composition is shown in Tab 1.
Ductile cast iron with the spheroidal shape of graphite is
commonly used for production of the servo-pistons into
servo-cylinders but it is also used for manufacturing of
parts which have to withstand high stress conditions.
The mechanical properties of the given material are
shown in Tab. 2.

Tab. 1 Chemical composition of EN-GJS-700-2
Tab. 1 Chemické zlozenie materialu EN-GJS-700-2

Chemical composition [wt.%]
C Si Mn P S Mg
3.2 1.8 0.2 max max 0.04
4.0 3.0 0.08 0.1 0.05 0.08
Tab. 2 Mechanical properties of EN-GJS-700-2
Tab. 2 Mechanické vlastnosti materialu EN-GJS-700-2
Mechanical Properties*
Ultimate tensile strength [MPa] R,,> 700
Proof strength [MPa] Rpg,>420
Elongation [%] A>2

*According to HMS 140 and DIN EN 10204 -3.1
Metallographic evaluation

The mechanical properties of the graphitic cast irons are
influenced by character of metallic matrix, morphology,
size and arrangement of the graphite. Thermal treatment
causes the change of the metallic matrix while this
metallic matrix has significant influence on material
properties of the cast iron. The microstructures for the
selected areas of cast and thermally treated material
were evaluated with help of DMI 5000 — light
microscope. To make better evaluation of
microstructure, the images of observed areas were
joined together and it led to possibility to evaluate the
microstructure of selected areas from the surface up to
the inside central area (Fig. 4). The samples designated
with numbers were removed randomly while the
removal of samples included removal of three pieces
form the areas selected randomly along the whole length
of the round rod. The depth relating to the change of
size of graphite from the surface area up to the inside
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central area was approximately 6.9 mm. Regarding to
the marginal area, the arrangement and the size of
spheroidal graphite was VI 8 / 20 % 7 — it can be seen in
Fig. 4 and 5. In relation to the mentioned fact
hereinbefore, it can be seen that it is spheroidal graphite
with the size corresponding to 8 / 20 % 7 specified in
Slovak technical standards — STN 42 2461. In the inside
central area, the shape of graphite corresponds to VI —
uniformly grained and the size of graphite is 6 and it
corresponds to VI 6 according to the standard
mentioned above (see Fig. 5).

Fig. 4 Spheroidal graphite from marginal to the central area, zoomed
20x (sample n. 2)

Obr. 4 Gul'6¢kovy grafit od okraja po stredovi oblast’, zv. 20x (vzorka
oznacena €. 2)

a)

b)

Fig. 5 Arrangement of the spheroidal graphite — detailed image
(sample n. 2) — marginal area (on the left), central area (on the
right); a) zoomed 90x, b) zoomed 900x

Obr. 5 Rozlozenie gul'6¢kového grafitu — detail (vzorka ¢&. 2) —-

okrajova (vl'avo) a stredova oblast’ (vpravo); a) zv. 90x, b) zv.
900x

Evaluation of the material microstructure

The main aim of the work was to find out whether the
all requirements for continuous casting procedure were
kept in relation to the production of the servo-piston
into the servo-cylinder and therefore, the evaluation of
the microstructure and measurement of hardness had to
be carried out. After the etching process, the
microstructure was observed. In relation to the all
investigated samples obtained from three round rods,
the changes in microstructure were revealed from the
surface area into the inside central area. For better
understanding, sample designated as n. 2 (obtained from
the rod designated as n.2) was selected for
demonstration in this paper because in the case of this
sample, the most noticeable changes were observed
from the surface area into the inside central area (see
Fig. 6). The depth referring to the changes from the
surface area into the central area was 8.5mm and it is
almost the same as the value obtained during the
measurement of the macrostructure (see Fig. 2 and part
with the heading “Experiment”). In relation to the
sample with n. 2, the microstructure at the marginal area
is based on spheroidal graphite of P 2 — with the content
of pearlite (P) beyond 98%. Dispersion was Pd,

(beyond 0.8 and up to 1.3 um) and the content of
cementite was C 40 (beyond 40%) while the size of
shapes for cementite was Cv 6000 (beyond 2000 and up
to 10 000). According to these mentioned facts, it can be
concluded that the resulting specification of the
microstructure for marginal area of sample with n. 2 is:
P2 -P —-Pd;y— C 40 — Cv 6000 and the resulting
specification of the microstructure for the central area of
sample withn.2 is P2 —P 96 — Pd 5

marginal area of the sample

central area of tne sample
Fig. 6 Microstructure from the surface of the rods into the central area
(sample n. 2); zoomed 40x
Obr. 6 Mikrostruktara od povrchu ty¢i smerom k stredovej oblasti
(vzorka €. 2); zv. 40x (prvé dve zobrazennia = okraj vzorky,
druhé dve zobrazenia = stred vzorky)

a)

b)

c)
Fig. 7 Microstructure of the maginal area (sample n. 2) — from the
outside (on the left) to inside (on the right); a) zoomed 90x,
b) zoomed 400x, ¢) zoomed 900x
Obr. 7 Mikrostruktara pri okraji (vzorka ¢. 2) — od okraja (vl'avo) ku
stredu (vpravo); a) zv. 90x, b) 400x, c) 900x

In relation to the controlled solidification for the marginal
area, the detailed evaluation of the microstructure for
cross-section of sample with n. 2 was connected with
recognition of the higher content of ferrite and cementite
(Fig. 6 and 7). In the central area of the given sample,
there was not occurrence of the cementite and the
macrostructure vas based on lamellar pearlite and
spheroidal graphite. Moreover, discontinuous cover
consisting of ferritic grains was observed around the
circumference of the spheroidal graphite.
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The reduction of the cementite as well as hardness
by thermal treatment

On the basis of facts and evaluations which were
mentioned hereinbefore, the regime for the thermal
treatment was proposed in order to enhance the quality
of the microstructure as well as hardness. The Tab. 3
shows the proposal for thermal treatment in order to
modify the cementite and hardness for continuously cast
round rods.

Tab. 3 The proposal for modification of the regime for thermal
treatment

Tab. 3 Navrh tepelného spracovania pre Gpravu obsahu cementitu
a tvrdosti kontiliatych ty¢i

The proposed regime for thermal treatment

880°C /2 hours / Cp=0.7 % C
Annealing | the modification of the first degree to
855°C /2 hours/ Cp=0.8 % C
. outside of the furnace and under the
Cooling .
slow stream of the air

After the modified thermal treatment had been
performed, the structures of continuously cast round
rods were observed again. From the aspect of
macrostructure observation, the bright band around the
whole circumference of rod cross-section was
eliminated (Fig. 8).

Fig. 8 The microstructure of the continuously cast rounds rods
after annealing; zoomed: 1:1
Obr. 8 Mikrostruktura kontiliatych ty¢i po zihani; zv. 1:1

After etching process, there was the reduction of the
ferrite content as well as cementite during the
microstructure observation (Fig. 9).

Fig. 9 Microstructure after repeated thermal treatment; zoomed 40x
Obr. 9 Mikrostruktura po opakovanom tepelnom spracovani; zv. 40x

After the repeated thermal treatment, the etched and
non-etched microstructure was:
- for marginal area:
VI8/25%7-P2—-P9 —Pdys—C4—Cv6000,
- for central area:
VI6 -P2—-P96—Pdys

Thermal treatment of the servo-piston into the
servo-cylinder

After the microstructure evaluation of thermally treated
continuously cast round rods, the servo-pistons were
made of these semi-products. Subsequently, the given
produced final part was evaluated. In relation to the long
time operation of the servo-pistons, the pistons are
subjected to nitriding process to form the layer on the
surface and the bottom of the servo-pistons is subjected
to the hardening process. The microstructure for servo-
piston pieces is shown in Fig. 10.

Fig. 10The servo-piston sample
Obr. 10 Vzorka piestu servovalca

In relation to the central area, the bottom of the servo-
piston (operating area) was hardened on the surface.
After the evaluation of the non-etched samples
(morphology, size and arrangement of graphite), the
subsequent evaluation of the same sample was
performed but this sample was had been etched before
the observation. Regarding to the bottom of the servo-
piston (operating area), the depth of the hardening
process for surface is presented in the Fig. 11.

Fig. 11The surface layer after hardening process; zoomed 40x
Obr. 11 Povrchovo kalena vrstva; zv. 40x

The total depth of the hardened layer in the thickest site
(2 mm + (0.8/2) = 2.4 mm)was 2.4 mm while the depth
of the basic part of the hardened layer was 2 mm and
thermally influenced area of hardened layer (0.8 /2) was
0.4 mm. The cross-section which was prepared for a
metallographic observation (Fig 12) can be used as
demonstration of the course relating to influence of the
hardening process on changes occurring from the
surface to the basic material. The hardened layer on the
surface (see Fig. 12) is formed with thick acicular
martensite and there is also non-uniform arrangement of
the residual austenite. The microstructure of the basic
area of the hardened layer gets step by step into the
basic or initial material trough the thermally influenced
area consisting of martensite-bainite structure. The
microstructure of the basic or initial material has
pearlite structure with the spheroidal graphite (Fig. 12).

In relation to the nitriding process, the influence of
nitridation on the basic or initial material was not
observed. In Fig. 13, there is the detailed image
representing the € — phase of nitrided layer.
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Hardened layer on the surface

Hardened layer on the surface

Thermally influenced area

Basic or initial material

Fig. 12 Hardened layer from the surface into the basic or initial
material, zoomed 200x

Obr. 12 Priebeh povrchovo kalenej vrstvy od povrchu az po zékladny
material, zv. 200x — (zhora nadol — povrchovo kalena vrstva,
povrchovo kalena vrstva, tepelne ovplyvnena oblast,
zakladny material)

Fig. 13 Nitrided layer on the surface of the part, zoomed 500x
Obr. 13 Nitridovana vrstva na povrchu sucasti; zv. 500x

The hardness was measured for the marginal area as
well as central area using Brinell (HBjs;750) and
Vickers (HV) hardness tests. The results of
measurements are shown in Tab. 4. On the basis of the
obtained values, it can be summarized that after usage
of continuous casting, the round rods were not suitable
for production of servo-piston because the hardness
values were higher in comparison to the strictly given
specification (see Tab. 4).

Tab. 4 The measured hardness values using HBs/;s and HV, for sample
n. 2 — before repeated thermal treatment

Tab. 4 Namerané hodnoty tvrdosti HBs;s a HV, pre vz. €. 2 - pred
opakovanym tepelnym spracovanim

Hardness values for sample n. 2 - obtained by measurements
before the repeated thermal treatment

The occurrence of the cementite in the central area was
almost the same in comparison to the occurrence of
cementite in the marginal area. After the utilisation of
the proposed thermal treatment modification, the
microstructure became more uniform and it was also
confirmed by repeated measurement of the hardness and
it can be seen in Tab. 5. In relation to the modification
of the thermal treatment, the round rods were suitable to
be used for production of the servo-pistons into the
servo-cylinders.

Tab. 5 The measured hardness values using HBs;s and HV, for
sample n. 2 — after repeated thermal treatment

Tab.5 Namerané hodnoty tvrdosti HBs;s a HVy pre vz. €. 2 — po
opakovanom tepelnom spracovani

Hardness values for sample n. 2 obtained by measurements
after repeated thermal treatment

Measurement method Marginal area The central area

modified layer

HBs/7s - average values 286 283
Individual 297, 315, 305, 310, 300, 298,
measurements of HV, 295, 301 295, 280
HV, _average values 302 £7.9 296.6 £10.9

Measurement method

Marginal area
modified layer

The central area

HBs/75 - average values 292 294
Individual 312,310, 325, 276,267,316,
measurements of HV, 305, 308 332,282
HV, _average values 312 £7.7 294.6 £27.9

According to the technical documentation, specification of HMS
140 and DIN EN 10204-3.1, the hardness of HB for the given
semi-product is: HBs;7s0 = 235 — 285. The obtained valued of
HBs/750 and HV, were controlled on the basis of conversion
tables for hardness measurement in relation to DIN EN ISO
18265-13. According to the mentioned conversion tables, the
admitted tolerance for suitable HVis: HV;=247.5 — 303.

Based on the facts relating to the admitted hamess tolerance
(Tab. 4), the resulting values obtained after the repeated thermal
treatment show that semi-product can be used for production of
the servo-piston into the servo-cylinder.

Conclusions

According to the microstructure as well as
macrostructure evaluation and hardness measurements,
it can be concluded that the procedure relating to
continuous casting can be used but it is necessary to
change the regime of thermal treatment because when
the regime of the thermal treatment is modified, the
final part can be made of investigated semi-product
obtained from material which is designated EN-GJS-
700-2. Furthermore, the semi-products manufactured
with help of continuous casting have to be subjected to
annealing heat treatment before the further
technological processing [3].
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Study of the Final Product in the Production of ZnO

Stidium koneéného produktu pri vyrobe ZnO
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?Alexander Dub&ek University of Trenéin, Faculty of Industrial Technologies, 1. Krasku 491/30, 020 01 Puchov,
Slovak Republic

The given paper is closely connected with the process of ZnO manufacturing. Zinc oxide is a unique material that
exhibits piezoelectric, semiconducting and multiple properties and moreover, zinc oxide represents semi-material
important for many technologies. From the industrial aspect, the most of ZnO is produced by pyrometallurgical
methods (e.g. the indirect process and the direct process) or by hydrometallurgical methods. European production
of zinc oxide is based on the indirect method of production (so-called “French process”). The quality of the ZnO
depends on the precursors which are used. In relation to the production of ZnO, the purity of zinc oxide has been the
subject of several investigations, but there is still conflict among the result obtained. On the basis of the occurrence
of the residual content of other elements, it is possible to make prediction about the material behavior in the
metallographic process. The final residual materials were investigated and this investigation was done from the
aspect of structural and chemical composition of the materials.

Keywords: zinc oxide, zincite, production of zinc oxide, French process

Oxid zinoc¢naty je dadlezitou sucastou modernych a inovacnych technologii globalneho priemyslu. Jeho velmi dobré
viastnosti maju Siroké uplatnenie. Vyuziva sa pri vyrobe pneumatik, naterovych latok, krmnych zmesi, ako prisada
do zubnych ndhrad. Je najnovsim objavom vo svete optoelektroniky, nanocastic, laserov atd. Sucasné
najpouzivanejsie sposoby vyroby oxidu zinocnatého su priame a nepriame pyrometalurgické spracovania zinkovych
surovin alebo elektrolyticky upraveného kovového zinku. Rozhodujucim faktorom, ktory ovplyviuje cely
technologicky proces, je vyber vstupnych materidlov, tj. primdrnych surovin. O vyhodnosti ich pouzZitia rozhoduju
chemické a fyzikdlne vlastnosti a primdrne technologické okolnosti. ZnO sa vyraba réznymi spésobmi, ale
najcastejsi spésob vyroby pouzivany v Eurdpe je priamy, t.j. pyrometalurgické spalovanie zinku. Pary Zn pri teplote
wssej ako 906 °C reaguju s O, vznika oxid zinocnaty sprevdadzany luminiscenciou. V tomto pripade vznikaju
odpady, ktoré predstavuju znacne mnozstvo prvotneho materialu. Jedna sa najmd o chemické komplexy prvkov
zeleza, zinku a hlinika. Nebezpecenstvom vyskytu tychto prvkov je ich schopnost vytvarat potrojné eutektika, ktoré
z hladiska deformacne napdtovych stavov v Strukture su nevyhovujiice, lebo ich krehka Struktura ovplyviuje dalsi
metalurgicky proces. V pecnom priestore dochadza taktiez k poruseniu termodynamickej rovnovahy (je spésobena
zmenou tepelného gradientu alebo poklesom tlaku), co vedie k sekundarnej krystalizacii ZnO, ktora bude
ovplyviovat’ dalsi priebeh. Na zdklade vyskytu zvyskového obsahu dalsich prvkov je mozné predikovat chovanie
materialu v metalografickom procese. V tejto prdci bol vysledny produkt skumany z hladiska morfologickej zmeny
Struktur a chemického zlozenia daného oxidu. Vysledky ziskanych analyz budu slizit’ pre minimalizdaciu neziaduceho
odpadu (zinkovej trosky), zlepSenie akosti vysledného produktu a zvysenie produktivity vyroby oxidu zinocnatého.

Krucové slova: oxid zinocnaty, zinkit, vyroba oxidu zinocnatého, Francuzsky proces

In relation to the worldwide investigation results, zinc ~ improvements in growth technology of ZnO
oxide (ZnO) seems to be very attractive topic for  nanostructures, epitaxial layers, single crystal and
discussion in scientific community. ZnO has been  nanoparticles, we are now moving into an era where
widely studied since 1935 and in resent years, this  ZnO devices will become increasingly functional [2].
compound has been even designated as ,,material of the

future”[1]. In many cases, the current production  ZnO is composed of abundant elements; the abundances
industry providing some goods for customers is  of Zn and O in the earth crust are 132 ppm and 49.4 %,
extremely dependent on this compound. ZnO has  respectively [3]. The renewed interest in this material
already been widely used in our society and indeed, itis  has arisen out of the development of growth
key element in many industrial manufacturing  technologies for the fabrication of high quality single
processes including paints, cosmetics, pharmaceuticals, crystals and epitaxial lays, allowing for the realization
plastics, batteries, electrical equipment, rubber, soap,  of ZnO-based electric and optoelectronic devices [2].
textiles, floor coverings and many others. With
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At ambient pressure and temperature, ZnO crystallizes
in the wurzite (B4 type) structure, as shown in fig. 1.
This is a hexagonal lattice, belonging to the space group
P6smc, and it is characterized by two interconnecting
sublattices of Zn** and O* where each Zn ion is
surrounded by a tetrahedral of O ions, and vice-versa.
This tetrahedral coordination gives rise to polar
symmetry along the hexagonal axis. This polarity is
responsible for a number of the properties of ZnO,
including its piezoelectricity and spontaneous
polarization and it is also a key factor in crystal growth,
etching and defect generation. The four most common
face terminations of wurzite ZnO are the polar Zn
terminated (0001) and O terminated (0001) faces (c-
axis oriented), and the non-polar (1120) (a-axis) and
(1010) faces which both contain an equal number of Zn
and O atoms. The polar faces are known to posses
different chemical and physical properties, and the O-
terminated face possesses a slightly different electronic
structure to the other tree faces [4].

Fig. 1 The hexagonal wurtzite structure of ZnO. O atoms are shown
as large white spheres, Zn atoms as smaller black spheres [5]
Hexagonalna wurziticka Struktiira ZnO. Atomy O su

zobrazené ako biele gule, atdomy Zn su malé ¢ierne gule [5]

Obr. 1

The specific heat of a material is influenced by the lattice
vibrations, free carriers and defects within the material.
In crystals of high quality and purity, the specific heat is
mainly influenced by the lattice vibrations.
Unfortunately, there are very limited data available in
the literature for specific heat measurements of ZnO.
The Handbook of Chemistry and Physics [6] gives a
value of the specific heat capacity of ZnO at constant
pressure as C, = 40.3 J.mol 'K,

Background

European production of ZnO is based on the indirect or
French process. Metallic zinc/zinc alloys are melted in
acrucible or furnace and vaporized at temperatures
above 907 °C. Zinc vapor reacts with the O, in the air to
give ZnO and it is accompanied by a drop in its
temperature and bright luminescence. This indirect
method was popularized by LeClaire (France) in 1844
and therefore, it is commonly known as French process.
In relation to this process, product normally consists of
agglomerated zinc oxide particles with an average size
from 0.1 to a few micrometers. By weight, most of the
world's zinc oxide is manufactured via French process
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[7, 8]. The production process is performed according
to chemical reactions [7]:

1
Zn(s)—>Zn(I)—>Zn(g) 1)

Zn g+ 50y (25700, (2)
We have investigated the morphology, chemical

composition, particle-size, some physical properties of
different ZnO samples. These studies have shown
interesting correlations between morphology and
chemical composition of ZnO samples.

Testing methodology

The microstructures and the fracture surface of the
samples were investigated by optical and scanning
electron microscopy. The measurements were
performed using the stereomicroscopic device NIKON
SMZ 1500, SEM - JSM 7600F, AAS —-AA 240
VARIAN and X- Ray diffraction Briicker 8, KalfaCo
with Co-lamp. In relation to the measurement setting,
time to step is set up in different cps (counts per
second).

Experimental materials

Five polycrystalline and crystalline ZnO samples with
different morphologies and chemical composition have
been studied. Samples of zinc oxide (fig. 2) which was
prepared by French process have been chosen in the
order to investigate and study the morphology and
chemical composition of materials. The powders of
ZnO (samples No. 1-3, tab. 1) fed by gas transport are
based on the reaction (2). The ZnO crystals (samples
No. 4, 5) have been grown by methods, as has been
reviewed recently [8] and large-size ZnO substrates are
available [9, 10]. The primary materials were zinc with
additions (approx. 90 wt. % Zn). Selection of zinc oxide
samples represents the given process of production and
output material. The chosen samples were from
crystallized minerals and their composition was
corresponded to primary element of the production
process. Zinc oxide is also created on the surface of
metal zinc at the temperature over 419.5 °C (fig. 3) as
well as by casting of molten zinc into the ingot.

2 Sy ke M
Fig. 2 LOM image of ZnO powder (sample No.
Obr. 2 LOM snimka praskového ZnO (vzorka €. 1)
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Fig. 3 SEM micrograph of created ZnO powder on the surface of
metal zinc, magnification 50x (sample No. 2)

Obr. 3 SEM snimka vytvoreného praskového ZnO na povrchu
kovového zinku, zviacsnie 50x (vzorka €. 2)

Tab. 1 Chemical composition of the elements of ZnO samples (wt. %)
obtained by AAS

Tab. 1 Chemické zlozenie prvkov vo vzorkach ZnO (hm. %) ziskané
atdomovou absorpénou spektroskopiou (AAS)

Name of Sample | ZnO | Pb | Al | Cd | Fe
No. 1 (powder) 99.0 | 0.1 | 0.05|0.004]0.5
No. 2 (powder) 98.6 10.09|0.25|0.001]0.3

No. 3 t detected
(sintered powder) not detecie
No. 4 (crystal) 90.5 | 0.9 | 0.6 - 2.1
No. 5 (crystal) 958 | 0.1 | 0.9 - 2.0

Result and discussion

X-ray diffraction analysis of polycrystalline ZnO has
shown that all the chosen samples have the lattice
parameters — a = 3.2495 + 0.0001-10° m and ¢ =
5.2069 + 0.0001-10” m. Different morphology of the
ZnO samples, which were investigated by the SEM and
LOM method, is shown in fig. 2 - 4.

Created samples of ZnO are reduced to Zn vapor at
elevated temperatures by the addition of graphite which
is transported with a flow of gas (CO, CO,). The zinc
vapor is then oxidized in a region of lower temperature
under the admission of oxygen or air. Needle-line
crystal of ZnO can be grown with diameters up to
several mm and length of several cm (fig. 4).

Fig. 4 LOM image of the needle-like single crystal of ZnO
(sample No. 4)
Obr. 4 LOM snimka ihlicovitej morfologie vzorky ZnO (vzorka €. 4)

The analyzed sintered sample No. 3 was removed as
are-combusted material. That sample could not be
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prepared by conventional chemical method based on the
evaporation of H,SO, (1:3) but it was only dissolved in
HCI (1:1) and heated to the boiling point of solution.
After dissolution and following chemical analysis,
differences were found in the results of the analysis.
These differences could be caused by insufficient
dissolving of the sample in boiling acid.

X-ray diffraction for the samples No. 3 showed that the
sample contained about 94 wt. % of zincite (ZnO) and
other compounds (or minerals), such as 5 wt. % gahnite
(ZnAl,0,) and residue of PbO, (plattnerite). Analysis of
results is shown in the diffraction diagram (fig. 5).
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Fig. 5 Diffraction diagram of the Sample No. 3
Obr. 5 Difraktogram vzorky ZnO ¢. 3

Conclusions

The following conclusions can be introduced on the
basis of the study of ZnO samples:

- X-ray diffraction analysis of polycrystalline ZnO
has shown that all the chosen samples have the
lattice parameters — a = 3.2495 + 0.0001-10° m and
¢=5.2070 +0.0001-10" m.

- Sintered samples of ZnO (sample No. 3) contained
an enormous amount of ZnO which does not pass
into the final product but it remains stuck as the slag
on the lining of furnaces — more zinc, more losses
in relation to final product.

- High temperature and low pressure lead to re-
crystallization of some compounds, such as Zincit
(ZnO), Plattnerite (PbO,), Gahnite (ZnAl,O4) and
others compounds or minerals.

- The analysis of sintered samples should not be
performed by wet chemical method for performing
AAS because of insufficient dissolution of the waste
material in HNO; as well as insufficient dissolution
by evaporation of H,SO,. Using Co lamp, the X-ray
diffraction analysis was the most suitable. Usage of
X-ray diffraction in crystals can be understood as
the non-destructive method for determination of the
internal structure of crystals and their qualitative
and quantitative analyses can be done using
obtained diffraction pattern.
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VOEST Alpine Tubulars uvadi do chodu novou valcovaci stolici na trubky od SMS
Meer

Steel Guru/Steel Trade Today 26. 3. 2014

Vyrobce bezedvych trubek VOEST Alpine, sidlici v Rakousku, uved| do chodu valcovaci stolici na trubky
od némecké SMS Meer, a tak zlepsil svou stavajici CPE vélcovnu v Kindbergu. Nové zafizeni umoziiuje
vyrabét trubky vétSich praméra a vétsi tloustky stény. Vyrobce jiz ma pozitivni zkuSenosti s pfedchozi
stolici od SMS Meer. Ale poZadavky na kvalitu a material b&hem let vzrostly, takZe v kvalité opét spoléha
na SMS Meer. Na instalaci stolice postacil jeden tyden. Celkové byl provoz byl pferuseny pouze na 15
dni. S novou stolici na trubky je firma schopna valcovat trubky s daleko vétSi hmotnosti, maximalnim
primérem az 221 mm a tloustkou stény az 25 mm. Stolice ma svafovany ram a obsahuje nové vodici
elementy pro stavéci zafizeni. VSechny pracovni valce maji hyperbolicky profil a co do délky jsou
identické. Jejich vySka a uhel podavani mohou byt nastaveny individualné. Stolice je vybavena zafizenim
pro rychlovyménu valcl. V pfipadé nahlého vzristu valcovaci sily muaze byt tlak pracovnich valcl
okamzité odstranén otevienim hornich valct hydraulickym systémem. Stejny hydraulicky systém stavéni
valcl také méFi valcovaci sily.
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Corrosion Cracking of the Demonomerizing Column

Koro6zne praskanie demonomeriza¢nej kolony

doc. RNDr. Jan Bezecny, CSc. ', Ing. Andrej Dubec', Ing. Rébert Vavrik'

'Alexander Dubéek University of Trenéin, Faculty of Industrial Technologies in Pichov, 1. Krasku 491/30, 020 01
Puchov, Slovak Republic

Emulsion polyvinyl chloride (PVC E) is produced in autoclaves by emulsion polymerization of vinyl chloride (VC) in
the aqueous phase solution containing the polymerization initiator, emulsifier, buffering agent, an alkaline agent
and a reducing agent. Semi-product — emulsion PVC is conveyed to be subjected to a vacuum demonomerizing and
then it is conveyed into containers for homogenization and stabilization and storage into the storage tanks of latex
E PVC. After about 3 years operation of demonomerizing column (DC), there was the occurrence of the unexpected
corrosion of the wall leading to subsequent leakage of working environment. The old one demonomerizing column
had been in operation process for 20 years before it was replaced by the new one and this new one. In relation to
the materials which were used for production of the new as well as old demonomerizing column, they were the
same. The ruptured DC was used for preparation of the investigated samples while 3 samples were taken from the
plates, 1 sample was from of pipe, 1 sample was from bolt and 1 sample represented the initial material which was
used for column manufacturing. At the same time the sample was taken from suspending environment. Designation
and specification of the samples is documented in Table 1 and Table 2. Operation conditions of damaged DC
included loading by internal pressure, the operating temperature of the suspension were in the range from 90 to
108 °C (including) and temperature of steam was 160 ° C. According to the technical documentation, DC was made
of material STN 41 7348 and during the start-up operating process (several times a year), it was loaded
dynamically. When operating at lower temperatures (50-60 °C), there were not any problems. The aim of the
analysis was to assess the cause of premature corrosion of the column and propose the measures in order to
increase corrosion resistance. The investigation process was also connected with the verification of the chemical
composition of materials, corrosion environment analysis, microstructural analysis and microfractography analysis.

Keywords: corrosion cracking, chloride ions, austenitic steels, premature corrosion

Emulzny polyvinylchlorid (E PVC) sa vyraba v autoklavoch emulznou polymerizaciou vinylchloridu (VC) v roztoku
vodnej fazy obsahujucej iniciator polymerizdcie, emulgator, pufrovacie cinidla, alkalicku zlozku a redukovadio.
Medziprodukt — emulzia PVC sa dopravuje na vakuovi demonomerizdciu , do zdsobnikov na homogenizaciu
a stabilizaciu a do skladovacich zasobnych nadrzi latexu E PVC. Po cca 3 rokoch prevadzky demonomerizacnej
kolony (DK) na vyrobu vinylchloridu nastalo u nej knecakanému prekorodovaniu stien s ndslednym unikom
pracovného média. K necakanému preto, Ze pred jej planovanou generalnou opravou vyrobnej linky pracovala
povodnad komora 20 rokov bezproblémovo. Materialy pouzité pri vyrobe boli pritom zhodné. Z predmetnej DK boli
odobraté 3 vzorky z plechov, po 1 vzorke z rurky, skrutky a z pouzitého polotovaru. Kolona bola podla informacie
vyrobcu PVC namahanad vnutornym pretlakom, teplota suspenzie bola 90 az 108 °C a 108 °C a pary 160 °C. Podla
vkresovej dokumentacie bola vyrobena z materialu STN 41 7348 a pocas nabehu pracovného procesu (viackrat do
roka) je namdahana dynamicky. Pri prevadzke pri nizsich teplotach (50 az 60 °C) sa takéto problémy nevyskytovali.
Cielom analyzy bolo posudit priciny predcasnej korozie kolony a navrhnut opatrenia k zvySeniu koroznej odolnosti.
V' ramci rieSenia bolo vykonané overenie chemického zloZenia materidlov, rozbor korozneho prostredia,
mikroStrukturalna analyza a mikrofraktograficka analyza. Bolo zistené, ze pricinou predcasnej korozie bol jav
korozneho praskania , na ktorého vznik vplyvaju viaceré faktory. Rozhodujucimi su : druh pouzitého materialu, druh
korozneho prostredia, posobenie vonkajSich a vnutornych napdti a tak ako aj v nasom pripade vyska teploty
pracoviného média. Uz relativne mala zmena pracovnej teploty o cca 50 °C vyvolala korozne praskanie a viedla
k nutnosti nahradit pévodny material inym.

Krucové slova: korozne praskanie, chloridové iony, austenitické ocele, predcasna korozia

The complexity of solved problems was the stimulus for ~ to find solutions and make recommendations or
decision to carry out much more detailed material  proposals in relation to the premature corrosion process
analysis including the verification of the chemical  of the new demonomerizing column. The mentioned
composition for the analysed materials. Moreover, the  corrosion process was revealed after about three years of
analysis of operating environment, investigation and  its operation and it was unexpected phenomenon because
evaluation of microstructures of fracture surfaces with  the old one replaced demonomerizing column had been
the specific non-integrities was also performed in order  in the operation process for more than 20 years.
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Experiment
Chemical analysis

The investigated individual samples were subjected to
the chemical analysis and the results of this analysis can
be seen in Tab. 1 and 2. The given chemical analysis
shows that the investigated material, which was taken
from the pipe, does not correspond to the declared
designation (STN 417348) because it has a lower
content of Ni and Mo in comparison to the given
declared designation. The obtained results show that the
given material could be designated as STN 417246 or
STN 417248. Except of the mentioned pipe, the other
investigated samples correspond to the declared material.

Characteristics of steel 17 348 (AKV EXTRA S9)

Steel 17 348 can be also designated as AKV EXTRA
S9 with the reference to the specification based on
principles which are introduced by manufacturer
POLDI and it also corresponds to AISI 316L and DIN
X6CrNiMoTil7-12-2, SIS 2350. According to STN
417348, the given steel can be characterized as the
austenitic, weldable as well as stabilized steel which is
resistant to intergranular corrosion. The given described
steel is suitable from the aspect of the construction of
various chemical equipment including pressure vessels.
This steel is a good choice for non-oxidizing
environments containing strong organic and inorganic
acids at lower concentrations up to medium temperature
[1]. According to the manufacturer POLDI [2], after
homogenisation annealing procedure, the given
CrNiMo steel has the austenitic structure with a low
content of delta ferrite. Welding operation makes it be
less susceptible to cracking due to additional materials
as well as due to some ferrite content in the structure
while this ferrite can be understood as a base material.

Tab. 1 Chemical analysis of metal plates samples
Tab. 1 Chemicka analyza vzoriek plechu

Sample
Element content [mass %]
Plate 1 | Plate2 | Plate 3
C 0.062 0.064 | 0.083
Mn 1.12 1.03 1.18
Si 0.313 0.283 0.350
Cr 18.54 18.54 17.22
Ni 12.46 12.48 11.76
Mo 2.24 2.23 2.10
Ti 0.445 0.457 0.411
Tab. 2 Chemical analysis of the samples
Tab. 2 Chemicka analyza danych vzoriek
Element content Sample
[mass %] Pipe | Bolt | Semi-product
C 0.088 | 0.088 0.097
Mn 1.19 1.24 1.22
Si 0.455 | 0.736 0.664
Cr 1736 | 17.33 17.36
Ni 9.97 | 12.48 10.88
Mo 0.125 | 2.08 1.92
Ti 0.554 | 0.459 0.580
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The mentioned processing procedure leads to increase
of the strength which can cause reduction of the
corrosion resistance during the forming process. The
total corrosion resistance can be obtained after repeated
heat treatment. It is not resistant to hydrochloric acid at
the higher concentrations. When the concentration of
the given acid is 0.1 % and boiling point is obtained, the
corrosion rate is up to 0.11 mm per year but there is
a danger of corrosion cracking and pitting corrosion
[2 — 4]. In relation to the given steel, the resistance to
corrosion cracking is comparable to steel AISI 316
(depending on temperature and concentration of
chloride ions) and it is shown in figure 1 [5].

The analysis of the corrosion environment

In relation to the corrosion environment, it is
represented by suspension PVC where suspension of
PVC is about 30 %, vinyl chloride is about 0.7 % and
there is also presence of xylene and trichloroethylene.
In addition, the given corrosion environment exhibited
pH 2.1. Measuring the pH of model solutions of various
concentrations of HCI, we discovered that the HCI
content is 0.05 %. Titration was used for determination
of the HCI content which was 0.04%. The results of
these tests showed that the approximate content of HCI
in the working environment was in the range from 0.03
to 0.05 %. At this mentioned concentration and ambient
temperature around 55 °C, initiation of corrosion
cracking can occur and it is shown in figure 1.

Fig. 1 Resistance of duplex steels to corrosion cracking in solutions
containing chloride ions [5]

Obr. 1 Odolnost’ duplexnych oceli proti koréznemu praskaniu
v roztokoch obsahujucich chloridové iony [5]

Microstructural analysis

The bolt shank, as well as metal plates exhibited large
number of radial cracks (fig. 2, 3). In order to perform
evaluation of the structure for the selected areas of the
tested material, the representative samples were
prepared. Marble was used as the etching agent. The
microstructure of all samples was austenitic, with bands
of delta ferrite and these bands were in the accordance
with the direction of forming process. The grain size
was evaluated according to the standards STN 420462
with the degree from 7/8 up to 8. The microstructure
consists of little amount of delta ferrite (fig. 4). The
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sharp-edged inclusions, probably titanium carbonitride,
are arranged uniformly in the investigated material. The
two basic principles relating to crack propagation were
found out for samples of metal plates. The first
principle of crack propagation was based on the
occurrence of the side cracks which are further
branched to sides and they are quite thin (fig. 5, 6).

Fig. 2 Cracks on the bolt, zoomed 2.1x
Obr. 2 Trhliny na skrutke, zvacSenie: 2,1x

Fig. 3 Cracks on the metal plate 2, zoomed 1.1x
Obr. 3 Trhliny na plechu 2, zvic¢Senie: 1,1x

The second principle of the crack propagation is
connected with the corrosion attack where the direction
of the main crack is parallel with the direction of the
metal plate surface. The corrosion process attacks
mainly the lines of delta ferrite and the corrosion effect
increases length and width until it forms the continuous
area which is full of corrosion products (fig. 7). In both
principles, there is the main crack, which is propagated
vertically into the material penetrating to different
depths. There was not any propagation of cracks in
relation to the titanium carbonitride. The corrosion
attack observed for the other metal plates is comparable
to the metal plate 1. The given crack propagation has
mainly the transgranular and local intergranular
character. In connection with the bolt, the cracks
propagate perpendicularly to the axis of the bolt. The
surface of cracks is not covered by the same amount of
the corrosion products in comparison to the metal plates
and pipe. The first one principle of the crack
propagation is predominant and it is based on the
occurrence of the side cracks which are further
branched to sides.
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Fig. 4 Microstructure of the metal plate semi-product, zoomed 400x
Obr. 4 Mikrostruktura polotovaru plechu, zvacsenie: 400x

Fig. 5 Branching of the crack, zoomed 400x
Obr. 5 Vetvenie trhliny, zva¢senie: 400x

Fig. 6 Propagation of the main crack and lateral cracks, zoomed 100x
Obr. 6 Sirenie hlavnej trhliny a bo¢nych trhlin, zva¢senie: 100x
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Fig. 7 Corrosion attack of the delta ferrite, zoomed 400x
Obr. 7 Kordzne napadnutie feritu delta, zvacsenie: 400x

Microfractography analysis

Micromorphology of fracture surfaces was evaluated
using SEM TESLA BS 301. Fracture surfaces were
totally covered by corrosion products. The
transgranular, crystallographic fracture with microrelief
of facets corresponding to corrosion cracking (fig. 8)
was observed for the cleaned fracture surfaces of all
samples of metal plates and pipe. According to
literature data, the interaction of hydrogen can not be
excluded. The absence of intergranular facets also
indicates the activity of relatively low stress. In the case
of the bolt, in the area of the final fracture a striation
can be observed in a direction which perpendicular to
some fan-shaped facets (fig. 9). It is evident that the
external cyclic stress had effect on the crack
propagation while mechanical and corrosion component
was almost the same. Laboratory fracture of material
semi-product showed significant toughness without any
evidence of the embrittlement. On the basis of
fractographic analysis of fracture surfaces, it can be
concluded that the majority of the cracks was formed by
corrosion cracking mechanism. Significant influence of
the external cyclic stress was observed in the case of
the bolt.

Results and discussion

Based on the results obtained from material expertise
and information about the operation of the device, it can
be pointed out that the column was made of a material
according to STN 17 348 417 348 and the pipe was
made of material 17 246 or 17248.

Additional internal stresses in the material were caused
by forming process (curling) and welding. These
internal stresses have participated in the crack
propagation and it is also called the mechanism of stress
corrosion cracking. Based on the assessment of the
effect of external factors and specific microstructural as
well as microfractographic features, it is possible to
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make a conclusion that all samples were broken by
corrosion cracking. In terms of the bolt corrosion
cracking, it was accompanied by corrosion fatigue.
Some differences between the bolt and the other
samples can be explained by various ratios between the
internal  stresses, cyclic stress and corrosion
environment activity. This type of corrosion is
extremely harmful and dangerous case of damage in
relation to metals and alloys and it can be commonly
observed for environments which are not very
aggressive. In case of the stainless steels, chlorides or
hydroxides represent the harmful as well as dangerous
components of environments.

The corrosion cracking which is also called the stress
corrosion cracking can be observed for environment
with chlorides while the concentration of the chloride
ions is only several ppm. Moreover, this corrosion
process is also accompanied by increased temperature.
For instance, the transgranular corrosion cracking of
austenitic chrome-nickel steels occurs in chloride
environments and intergranular corrosion cracking of
soft carbon steel can be recognized in alkali nitrates [6].
Detailed analysis of the obtained results showed that
there was not only the replacement of old DC but the
working temperature was also increased and it was
changed from the initial operating temperature 50-60 °C
to the operating temperature 90-110 °C in order to
increase product purity.

Based on the introduced graphs hereinbefore, it is
evident that with increased operating temperature, the
given concentration of chloride ions caused that
material AISI 316L was in area of corrosion cracking.

Fig. 8 Micromorphology of fracture surface, the metal plate, REM,
zoomed 1000x

Obr. 8 Mikromorfologia lomovej plochy, plech, REM zvicsenie:
1000x
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Fig. 9 Micromorphology of bolt fracture surface, REM, zoomed
1000x

Obr. 9 Mikromorfologia lomovej plochy skrutky, REM zvicsenie:
1000x

Proposals for measures

Elimination of corrosion cracking phenomenon is
primarily based on the choice of a suitable material. If
the selection of the suitable material is not possible, it is
necessary to reduce the stress by appropriate heat
treatment. If the appropriate heat treatment can not be
provided, it is necessary to remove the aggressive
component from the environment or modify this
environment by lowering the temperature or by adding
an inhibitor. In relation to the proposals and resolution
of this problem, there is only one solution and it is
connected with change of material. Based on
international as well as national experiences, there is the
recommendation for application of austenitic-ferritic
stainless steels. SAF steel 2205 with its designation
DIN X2CrNiN22 5 3 was recommended (especially in
terms of price) to be used. Company Sandvik produces
other suitable duplex steels with equivalent designation
which is shown in the tab. 3.

Tab. 3 Equivalents of Sandvik materials [5]
Tab. 3 Ekvivalenty materialov Sandvik [5]

Sandvik SAF2507 SAF2205 SAF2304
W.-Nr. - 1.4462 1.4362
DIN X 2 CrNiMoN | X2 CrNiMoN | X 2 CrNiN
2574 2253 234
AFNOR - Z 2 CND 22- Z 2 CN 23-
05-03 04AZ
SS 2328 2377 2327

From the aspect of the resistance to stress corrosion
cracking (in solutions containing chloride ions), stress
corrosion cracking in dependence on time as well as the
stress / tensile strength ratio, the mutual comparison of
these duplex steels provided by company SANDVIK is
shown in figure 10 [3].
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Tab. 4 Chemical composition of the materials SAF [5]
Tab. 4 Chemické zloZenie materialov SAF [5]

SANDVIK | SAF2507 | SAF2205 | SAF2304
Cr 25 22 23

Ni 7 5.5 4.5
Mo 4 3.2 -

N 0.3 0.18 0.1

C <0.02 <0.03 <0.03
Si <0.8 <1 <0.5
Mn <1.2 <2 <1.2

P <0.03 <0.03 <0.035
S <0.015 <0.015 <0.015

Fig. 10 Resistance of duplex steels to stress corrosion cracking in
a solution of 40 % CaCl,, pH 1.5, 100 °C [5]

Obr. 10 Odolnost’ duplexnych oceli proti koréznemu praskaniu
v roztoku 40 % CaCl,, pH 1,5, 100 °C [5]

From the mutual comparison of the graphs and
resistance to stress corrosion cracking, the stainless
steel AISI 316 is the most suitable in relation to the
operating conditions in company NCHZ Novéky but all
types of the investigated steels can be used by this
company. In addition to the investigation, the steel
SAF 2507 exhibits the minimum susceptibility to stress
corrosion cracking.

Conclusions

Based on the results of material expertise, it can be
concluded that premature failure of DC was based on
stress corrosion cracking which was caused by the
inappropriate choice of material from the aspect of the
operating conditions and working temperatures. The
prevention of similar failures is hidden in the usage of
the mentioned austenitic-ferritic duplex steels for
operating temperatures about 100 °C. The material
SAF 2507 seems to be the most optimum in terms of
resistance to stress corrosion cracking. The specific
choice of material depends also on the other factors
(produced assortment, delivery conditions, price,
processing technology and welding, providing
additional materials, etc.). Furthermore, the given
choice also needs subsequent laboratory, technological
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and operational verification and therefore, the material
SAF 2205 was proposed to be used for DC.
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The paper deals with evaluation of single layer PVD coatings based on Cr, Ti and Al widely used in tool application
and it is also closely connected with W and WN based functionally graded coatings. In the case of functionally
graded coatings, the diversity of composition was due to content of N varying with the depth from the surface. The
nitridation process was also used as an “interlayer” in several cases in order to obtain the further improvement of
the adhesion. The coatings were evaluated from the point of view of hardness and adhesion. The hardness
measuring was carried out using nanoindentation and microindentation methods. The scratch test and
,,Mercedes “ test for qualitative adhesion measurement was performed for adhesion testing. The results of scratch
test showed the presence of the nitrided layer and it is connected with the significant increase of the adhesion values
of CrN coating. Moreover, the presence of metallic interlayer in functionally graded materials further increases
coating adhesion by gradually approaching its composition to the substrate. Coatings consisting of W and WN have
showed very good adhesion too. With regard to results of the scratch test and their relative higher values of the
hardness, for the coatings of WN, CrAIN and duplex TiN, it can be assumed that they have a good protective
Sfunction. Results will be applied in development of functionally graded layers for functionally graded materials.

Keywords: PVD coatings, tool steel, adhesion, nanoindentation

Tenke povilaky jsou diilezitou a stale se rozvijejici oblasti povrchového inzenyrstvi. Povlakovani ma v technickych
aplikacich ucel predevsim ochranny a funkcni. Jednou z metod vytvareni tenkych povlakii na nastrojovych ocelich je
nanaseni odparenim z pevné faze (PVD). Vyhodou této metody je nizka teplota depozice, coz je diilezité pro
zachovani vlastnosti dosazenych predchazejicim tepelnym zpracovanim. Nevyhodou je pak relativné nizka adheze
povlaku k zakladnimu materialu. Zlepseni adheze je pak dosazeno co nejvétsim priblizenim fyzikalnich viastnosti
povlaku k viastnostem zakladnimu materialu. Pokud maji oba materialy porovnatelnou tvrdost, dochazi k vyraznému
navyseni adheze. V praci byly hodnoceny PVD povlaky nanesené metodou magnetronového naprasovani (CrN, TiN,
AITiN, WN). Zkousené vzorky povlakii byly pripraveny v zarizeni Flexicoat 850 (Hauzer). Pred procesem depozice
probéhla optimalizace depozicnich parametrii vsech typii poviakii. Tloustka hodnocenych povlaki byla priblizné
2 um. V ramci hodnoceni viastnosti povlakii bylo provedeno mereni adheze. Za timto uicelem bylo pouzito scratch
testu indentorem dle Rockwella. Kromé toho byl proveden rychly standardizovany ,, Mercedes “ test pro kvalitativni
hodnoceni adheze. Dale byla na pripravenych povlacich mérena nanotvrdost. Za ucelem zhodnoceni mikrostruktury
a meéreni tloustky povlaku bylo provedeno pozorovani za pouziti skenovaciho elektronoveho mikroskopu vybaveného
EDS detektorem. Hodnocené povlaky maji ve vSech pripadech homogenni sloupcovitou strukturu bez trhlin.
Vysledky scratch testu ukazuji, ze vytvorenim povrchové nitridované vrstvy na zakladnim materialu vyrazné zlepsuje
adhezi povlaku. Povlaky W a WN vykazuji velmi dobrou adhezi a to i pres vysokou tvrdost VN. Vysledky scratch
testu a pomérné vysoké tvrdosti poviakit WN, CrAIN a duplexni TiN ziejmé plni povlaky dobie ochrannou funkci
v tribologickych aplikacich. Vysledky budou vyuzity ve vyvoji funkéné gradientnich vrstvach pro funkcné
gradientni materidly.

Kli¢ova slova: PVD poviak, ndstrojova ocel, adheze, nanoindentace

Thin coatings are an important area of surface = However, such coatings show relatively low adhesion
engineering nowadays, experiencing rapid progress.  to substrate. Improvement of adhesion may be achieved
Coatings have a protective or functional purpose in a by modifying the substrate or adjusting physical
wide range of technical applications. They increase  properties of the coating to it as much as possible in
substrate resistance against oxidation, heat transfer,  order to achieve similar mechanical properties like
wear and corrosion [1]. PVD (physical vapour  hardness [2]. Amongst the most used coatings, there are
deposition) is the one of the ways for deposition them  the PVD coatings based on Cr-N, Ti-N, Al-Ti-N, and
onto tool steels substrate. The low deposition = W-N. However, tungsten or its nitrides and carbides are
temperature is significant advantage of this method. not widely used alternatives [3, 4], in spite of the good
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abrasive resistance comparable to Mo,N which has
significantly lower wear loss than commercially used
TiAIN or TiCN [5]. WN based coatings suffer from
rapid formation of oxides over the temperature of
500 °C. These oxides occur also in surface microcracks
and their growth contributes to crack propagation and
coating destruction process [4]. Presented paper deals
with characterization of PVD coatings types based on
Cr, Ti and W nitrides deposited on a tool steel substrate.
The scratch test [6,7], “Mercedes” test [6, 8],
microindentation and nanoindentation [9, 10] were used
for investigation. The results will be wused for
development of functionally graded layers for
functionally graded materials.

Experiment

As a substrate, tool steel X40CrMoV5-1 (CSN 41 9554,
Orvar Supreme) was selected. Its chemical composition
in [wt. %] is in Tab. 1.

Tab. 1 Chemical composition of X40CrMoV5-1
Tab. 1 Chemické slozeni X40CrMoV5-1

C Si | Mn
039 | 1.0 | 0.4

Cr
52

Mo
1.4

v
0.9

Element

Content

According to the work objective, W, Al, Ti and Cr
based coatings were deposited (Tab. 1). All samples
were prepared using the same deposition parameters.
The reason for that was to eliminate effects potentially
arising from different deposition parameters (among
different coatings cycles) and to compare behaviour of
different substrates or different coating systems. All the
parameters (Bias voltage, coil current, gas flow etc.)
were previously optimized by test cycles. Gas flows
were optimized in case of WN coating in order to reach
majority of [ phase. Deposition parameters are
presented in Tab. 2. The deposition time was set to
reach approximately 2 pm of coatings thickness for all
samples. In relation to the prior deposition, all
substrates were polished to mirror-like surface then
cleaned in an ultrasonic cleaning machine in acetone
bath. The coating procedure was carried out with
Flexicoat 850 (Hauzer) device in a single process. In
several cases, duplex coating underlayer was created by
plasma nitriding process (temperature of 510 °C,
duration of 4 h and Ar/N, flow = 50/50) and it was
applied in order to improve adhesion.

Adhesion measurements were performed using the
Revetest Xpress + (CSM instruments) device with
Rockwell indenter (tip angle = 120°, tip radius = 0.2
mm). A linearly increasing load was set from 1 to 100
N with the loading rate of 49.5 N/min. The length of
each scratch was 10 mm. Velocity of the indentor was
5 mm/min. Additionally, quick standardized
“Mercedes” test [8] was performed using a Rockwell
hardness tester with a load of 1500 N. Nanotest (Micro
Materials Ltd.) device was used to determine the
hardness of the coatings. 10 indentations were made to
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each sample with the load of 200 mN and the loading
times of 10 sec/5 sec/10 sec (load / dwell / unloading)
were used. The hardness values were calculated from
the results of nanoindentation H;; For the evaluation of
microstructure and coating thickness, the scanning
electron microscope designated as Jeol JSM 7600F with
EDS detector was used. Samples were prepared
according to standard metallographic procedure and
fractography samples were broken after the 20 minutes
dwell in liquid nitrogen bath.

Tab. 2 Deposition parameters, coil current 3A
Tab. 2 Depozi¢ni parametry, proud na civkach 3A

Coating Bias Ar/N, Cathode Substrate
[V] [scem] power temperature
\4 80 90/0 1*4 kW 300 °C
WN 75 90/60 1*4 kW 300 °C
Cr 75 90/0 2*3 kW 350 °C
CrN 85 90/20 2*¥3 kW 350 °C
CrN* 85 90/20 2*%3 kW 510/450 °C
CrAIN 75 90/40 1*4 kW 450 °C
TiN 75 90/35 2*4 kW 450 °C
AlTi 75 90/0 1*3 kW 450 °C
AITiN 75 90/20 1*3 kW 450 °C
TiN* 75 90/35 2*4 kW 510/450 °C

*Duplex coating (nitrided underlayer)

Results and discussion

Mechanical properties of the coatings are summarized
in Tab. 3. It represents the values of nanohardness (H;r),
hardness (HV) and reduced Young’s modulus of
elasticity (£,). Tab. 4 shows the results of the scratch
test as a force when the coating chipping occurs and the
values of “Mercedes” HRC adhesion test. The
measured values of hardness and modulus of elasticity
correspond well to the available data [1, 4, 5, 10].

Tab. 3 Mechanical properties of the coatings
Tab. 3 Mechnické vlastnosti povlaki

Coating Nanohardness| Hardness | Er
H;r [GPa] [HV] [GPa]

\\% 16.4 1631 301
WN 28 2855 258
Cr 7.6 670 278
CrN 16.2 1652 248

Duplex CrN 18.1 1846 250
CrAIN 24.1 2457 262
TiN 244 2488 252
AlTi 11.2 1142 155
AITIN 26.8 2733 240

The values of nanohardness of the Cr and AlTi coatings
were quite low. W, CrN and duplex CrN showed
mediocre nanohardness values when compared to other
coating types. The nanohardness values of AITiN, TiN
and CrAIN coatings were relatively high. The highest
hardness was measured in case of WN coating. WN
coating modulus of elasticity is comparable to CrN,
CrAIN, TiN and AITIN. In the case of CrAIN and
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AITiN, the comparable and the highest hardnesses were
achieved. The highest modulus of elasticity was
achieved in case of the W coating. Hardness is
comparable to the common CrN coatings.

Tab. 4 Adhesion tests for the coatings - scratch and “Mercedes” test
Tab. 4 Adheze povlaku zjiSténa scratch testem a “Mercedes” testem

Coatin Lc-edge
Process thicknesgs chippi%g I[-Ill_(6C]
[wm] [N]
Duplex CrN <5 73 2
CrN <5 28 4
CrAIN <5 34 4
W <2 >100N 1
WN <2 >100N 2-3

Duplex TiN <3 >100N 1

Performed scratch test showed a wide range of adhesion
values of different coatings. In the case of W, WN and
duplex TiN, the maximum loading force was not
sufficient to initiate coating delamination. Duplex CrN
coating showed relatively high value of adhesion force
(73 N). On the other hand, in case of non-duplex CrN
and CrAIN coatings, delamination occurred at the
noticeably lower values of the loading force.

Results of adhesion tests using scratch test and HRC
test correspond well. The best adhesion was measured
for duplex/TiN, W and WN coatings. The best results of
HRC test were indicated in case of W coating and
duplex TiN and CrN coatings. Improvement of the
adhesion with rising hardness of the substrate surface
layer by plasma nitriding is evident.

Evaluation of microstructure

The documentation of coatings was performed after
breaking of samples in liquid nitrogen (Fig. 1 - 3). The
surface quality and tendencies to delamination were
evaluated. All deposited coatings revealed a columnar
structure according to its growth pattern. In the Fig. 1,
there is a microphotograph of PVD relating to W
coating and patterns after HRC adhesion test. WN
coating deposited on the Orvar tool steel is documented
in Fig. 2. The thickness measurements were performed
along with the examination of coatings in relation to
assumed stoichiometry using EDS mapping and linear
analysis (Fig. 3). Chemical composition of the coating
(spectrum 1), subsurface layer of the substrate
(spectrum 2) and substrate (spectrum 3) is shown in the
Tab. 5.
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Fig. 1 W coating structure on Orvar steel and “Mercedes” test
Obr.1 Struktura W povlaku na oceli Orvar a ,,Mercedes” test

Fig. 2 WN coating structure on Orvar steel and Mercedes test
Obr. 2 Struktura WN povlaku na oceli Orvar a Mercedes test

Fig. 3 Linear EDX analysis of chemical composition for duplex
CrAlN coating

Obr. 3 Linearni EDX analyza chemického slozeni duplexniho CrAIN
povlaku
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Tab. 5Chemical composition in [wt. %] for different locations of Acknowledgment
duplex CrAlN coating

Tab. 5Chemické slozeni v riznych mistech duplexniho CrAIN The res,ear(:h W(fs supported by Czech Science
povlaku v [hm. %] Foundation project GAP108/12/1872 Complex

functionally graded materials.
Element | Coating| Interface Base
Literature
N 29.48 10.79 0
(0] 0 0.67 0.66 [1] GRAINGER, S., BLUNT, J. Engineering Coatings (second ed..)
Al 24.89 19.90 0.22 Woodhead Publishing LLD, Abingdon 1998
Si 0 0,34 0.75 [2] JURCL P. et al. Vyuziti PVD poviakii na ledeburitickych oceli.
Cr 44.26 3543 18.18 Metal 2009
Mn 0 0.36 0.85 [3] HORNIK, J., TONDL, D., SACHR, P., ANISIMOV, E.,
Fe 2.18 30.66 76.95 PUCHNIN, M., CHRASKA, T. The Effect of PVD Tungsten-
Ni 0 1.86 435 Based Coatings on Improvement of Hardness and
. . Wear Resistance. Key Engineering Materials Vol. 606, 2014,
p. 163-166
Conclusions [4] POLCAR, T. PARREIRA, N.M.G., CAVALEIRO, A.
Structural and tribological characterization of tungsten nitride
All deposited coatings are approx. 2 pm thick and have at elevated temperature. Wear, Vol. 265, 2008, p. 319-326
homogeneous columnar structure without the cracks. [5] KUTSCHEJ, K., MAYRHOFER, P.H., KATHREIN, M,

POLCIK, P., TESSADRI, R., MITTERER, C. Structure,

The resul f scratch h hat the presen £ mechanical and tribological properties of sputtered Til-xAIxN
e results of scratch test showed that the presence o coatings with 0,5<x<0,75. Surf. Coat. Technology, Vol. 200,

the nitrided layer significantly increases the adhesion 2008, p. 2358-2368

values of the CrN coating. Furthermore, from the HRC )

adhesion test results, it can be summarized that the (6] KADIOGLU et al. Crack problem for functionally graded layer
D . on elastic foundation. International Journal of Fracture 94(1)

presence of the nitrided layer also improves the 1998, p. 66-77

adhesion of the TiN coating, since any delamination

71 SOSNOVA, M. Kluzné vrst tody hodl i adhezivné-
was not observed up to the load force of 100 N. (71 T e

kohezniho a tribologického chovdni. [online]. Pilsen: West

Coatings consisting of W and WN have also shown bohemia university in Pilsen, 2006. URL: <http://ateam.zcu.cz/
very good adhesion, despite to the high hardness. With FRVS_zprava_dalsi_studium_sosnova.pdf >

rc?gard to results of the scratch test and ‘thelr relative [8] VDI 3198, Verein Deutscher Ingenieure Normen, VDI-Verlag,
higher values of the hardness, the coatings of WN, Dusseldorf, 1992.

CI‘AlN. and du.ple>.< T.IN ha.ve agOQd .pOtentlal for [91 EN 1071-3 Adraned technical ceramics, Determination of
protective function in tribological applications. adhesion and mechanical failure.

[10] OLIVER, W.C., PHARR, G.M. 4n improved technique for

The application of pure metals as a material of determining hardness and elastic modulus using load and

“interlayers” improves the adhesion of the coatings by displacement sensing indentation experiments. J. Mater.
gradually approaching their composition to the Research 7 (6), 1992, p. 1564-1583

substrate. The results will be used for further FGM

research.

Huta Labedy objednava HF linku na svarovani trubek
Steel Guru/Steel Trade Today 26. 3. 2014

Pro své ocelarny v Gliwicich v Polsku objednala Huta Labedy vysokofrekvenéni svafovaci linku na trubky
s API finalizujicim zafizenim od némeckého firmy SMS Meer. Tato firma je jedinym dodavatelem
veSkerého technologického vybaveni a je rovnéZz zodpovédna za jeho instalaci a uvedeni do chodu.
Vzhledem k systému rychlé horizontalni zmény bude Huta Labedy schopna zvySit svou produktivitu ve
srovnani s konvenénimi systémy rychlych zmén o 30 %. Nové zafizeni ma rocni kapacitu 270 tis. t a
muze vyrabét trubky o priiméru 4 1/2 — 12 3/4 inch, tloustce stény 3.0 az 12.7 mm a v délkach az 18 m.
Maximalni rychlost vyroby je 60 m/min. VSechny stolice jsou vybaveny individualnim pohonem.
Pocitatem Fizeny CSS Quicksetting systém zajiStuje, Ze valce jsou po zmeéné velikosti automaticky
stavény do svych pracovnich pozic.
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Evaluation of Interaction of Steel Cord — Elastomer in Tire Casing

Zhodnotenie interakcie ocel’ovy kord — elastomér v plasti pneumatik

Ing. Peter Vido', Ing. Jozefina Panackova', doc. Ing. Jan Krmela', PhD., Ing. Rudolf Valaek'

'Alexander Dubéek University of Trenéin, Faculty of Industrial Technologies in Ptchov, 1. Krasku 491/30, 020 01
Puchov, Slovak Republic

The given paper deals with determination of mechanical properties of specific composites with elastomeric matrix
and steel reinforcement. Furthermore, design of computational model of composite system is also involved in this
paper. A finite element method (FEM) will be applied for computational modeling for chosen parts of tires. For
stress-strain analysis of tires, experimental procedures have to be performed because it is necessary to determine
individual material parameters relating to the steel reinforcement, elastomeric matrix as well as entire specific
composite structure. These parameters will be determined from the aspect of material characteristics
of the individual components constituting the composite. In the paper, there are presented partial results
of experiments used to obtain the material characteristics of cord — elastomer composites which are used as input
data for the calculations and they are also necessary for verification of computational models.

Keywords: composites, tire casing, steel cord, elastomeric matrix, computational modeling

Clanok sa zaoberd stanovenim mechanickych vlastnosti jednotlivych zloZiek kompozitného systému ocelovy kord—
elastomeér vyuzitych ako vstupné udaje do vypoctov. Tieto kompozity tvoria prevazne ocelokordové narazniky
a kostru plasta pneumatiky pre osobné automobily. Jednotlive konStrukéné casti pldastov pneumatik
su reprezentované Specifickymi experimentdlnymi vzorkami v zastupeni od nanosovych zmesi, ocelovych vystuznych
kordov az po vzorky, kde su v interakcii ocelové kordy a elastomérové matrice. Pre hodnotenie mechanickych
viastnosti hotovych gumarenskych vyrobkov, ale aj pre ich vysoku vypovedaciu schopnost o kvalite pripravy
gumarenskych zmesi a ocelovych vystuzi su dolezité statické skusky v tahu. Pomocou tychto skusok mozno overit
vyrobcom stanovené materialové parametre (napr. pevnost v tahu), ale aj urcit dolezité parametre, potrebné pre
vypoctovy model systéemu kord—elastomér. Vypoctové modelovanie vybranych Ccasti pldastov pneumatik bude
realizované s vyuzitim metody konecnych prvkov. Pri vytvdrani vypoctovych modelov je doraz kladeny na
materidlové charakteristiky a parametre jednotlivych konstrukcnych casti pneumatik ako doleZitych vstupnych
materidalovych udajov do modelov, ktoré mozno stanovit pomocou vybranych experimentov. Pre deformacno-
napdtové analyzy plastov pneumatik je potrebné experimentalne stanovit' materidalové parametre ako pre samotné
ocelové vystuze a elastomérovi matricu, tak aj pre celistvy kompozitny systéem kord—elastomér. Tieto parametre
budu ziskané z materialovych charakteristik jednotlivych komponentov tvoriacich plast pneumatiky. Dalezitymi
faktormi, ktoré mozu znacne ovplyvnit' presnost vypoctov vybranych casti plastov pneumatik, su pociatocné
a okrajové podmienky, reflektujuce zatazenie, geometriu a materidlové parametre kazdej konstrukcnej
a materialovej casti plasta. V clanku su prezentované vybrané vysledky z experimentov potrebnych na ziskanie
materialovych charakteristik kordovo-elastomérovych kompozitov, ktoré su nevyhnutné aj pre verifikaciu udajov
z vypoctov s experimentalne ziskanymi udajmi.

Kracové slova: kompozit, plast pneumatiky, ocelovy kord, elastomér, vypoctové modelovanie

In relation to the utilisation of the computational model  Material parameters of individual parts of
outputs, it is necessary to perform a whole range of the tire casing

experiments to determine the input parameters for the
computational models of the tire for passenger cars as

. Individual constructional parts of tire for passenger car
well as their parts.

are represented by specific experimental samples
From the aspect of creation of computational models for ~ obtained from alluvial mixtures and the investigation is
the tires, the attention is paid to the investigation of the  connected with the interaction of steel, textile, polymer
mechanical properties and characteristics of the various cords and elastomeric matrix. Static tensile tests are
parts of the tire because the obtained results are the important for the evaluation of material parameters of
important input material data for creation of these finished rubber products and they also give evidence
models. Using selected experiments, we can determine  whether the individual mixtures were selected for the
the mechanical properties of individual components of  application correctly. Division of experiments that are
the tire casing. needed to obtain the material characteristics of
individual components of the tire casing is shown in
scheme presented in Fig. 1.
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DIVISION OF EXPERIMENTS

Rheometry analysis of
elastomeric blends
s ~\
R Hardnt‘ass measuring of T e o
elastomeric alluvial mixtures
\_ J
~ ™
Tensile test of elastomeric .. .
. . Uniaxial tension
alluvial mixtures

\_ J
N N

*[ Tensile test of steel cords >  Uniaxial tension
J J
)

One cord, two and

more steel cords

Cohesion test between > pulled at once
elastomeric matrix and steel
)
cords

<" 10,20 and 50 mm

wide specimens
—

Fig. 1 Division of experiments
Obr. 1 Rozdelenie experimentov

Alluvial elastomeric mixtures

It is necessary to perform rheometric analysis of given
rubber mixtures which are used for subsequent

vulcanization of the elastomeric mixtures. We can
determine the wvulcanisation characteristics of the
alluvial mixtures by wusing rheometric analysis

performed in accordance to ISO 3417 [1].

From the results of rheometric analysis of given rubber
mixture, the most important obtained data involve the
time of vulcanization (30 minutes), temperature
(150 °C) and pressure of vulcanizing press (20 MPa) [2].
The static universal testing machine Hounsfield H20K-
W was used for the static tensile test using uniaxial
load. The setting of loading rate was 25 mm/min and
setting of the initial distance between the clamps was 80
mm [3, 4]. The tested samples of elastomeric alluvial
mixture in form of the double sided blade before and
after tensile test are shown in Fig. 2. Test samples after
tensile test remained permanently deformed.

The measurement of hardness by IRHD method was
also performed. Average value of hardness is 82.7 in
relation to the all measurements performed for
elastomeric alluvial mixtures.

Graphic dependency of loading force on elongation was
transformed into diagram of tension dependence on
elongation and it is shown in Fig. 3.
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Fig. 2 Elastomeric samples: before tensile test (upper sample)
and after rupture

Obr. 2 Elastomérne vzorky: pred tahovou skuskou (hore)
a po pretrhnuti

Fig. 3 Dependency of tension stress on elongation for alluvial
mixtures
Obr. 3 Zavislost’ napitia od pomerného predlzenia pre nanosov zmesi

The graphic dependency of tensile force on the
elongation was as a result of the tensile test and it was
closely connected with the evaluation of the dependency
of stress on relative elongation. Consequently,
according to Mooney Rivlin two-parameter equation
(1), the relationships for the calculation of the material
parameters C;y and C,; were derived.
The Mooney-Rivlin two-parameter equation has the
form [5]:

F

o=—

=20, (@—a?)+2¢,(1-a”) )
where o — inside stress in the sample [MPa], ' — loading
force [N], Ayp— cross section of tested sample [mmz], Ch
and Cy; — Mooney-Rivlin parameters [MPa], a — relative
length [mm].

The simple modification of the equation (1) led to
linearized form (2) hereinafter:

9 _=C,A+C,

1
Z(I‘f]

where A; — relative deformation for individual values of A [-].
Acquired Mooney-Rivlin parameters for alluvial
mixtures used for rubberizing of steel cords in steel
belts of tire casing are shown in the tab. 1.

2)
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Tab. 1 Values for alluvial mixtures for rubberizing of steel cords
Tab. 1 Hodnoty pre nanosové zmesi na pogumovanie ocelovych kordov

Measured values
sample F Al A“z 1
[N] [mm] [mm’] [mm]
1 305.6 217.8 14.5 80.0
2 316.3 217.7 14.6 80.0
Calculated values
sample [M(;’a] |°Z] [h(aji)oa] ll\%)’la]
21.09 272.18 3.321 -1.965
2 21.62 272.16 3.583 -2.667

Examination of steel cords

The steel cords in form of the wire with construction
2x0.30 that are rubberized and used as steel
reinforcements in the buffers of tire casings for
passenger cars were examined by a static tensile test.
Setting of the loading rate was 2 mm/min and the initial
distance between the clamps was 200 mm.
Dependencies of tension on the elongation for the steel
cords are shown in Fig. 4.

FIN|

o 1 3 4

Al [mEm]
Fig. 4 Dependency of load force on elongation for steel cords
Obr. 4 Zavislost’ zatazovacej sily od predlzenia pre ocel'ové kordy

Cohesion test for steel cords and elastomeric matrix

For the cohesion test relating to the elastomeric matrix
and steel cords, modification had to designed and
manufactured allowing performing this test by help of
the device Hounsfield H20K-W because this device is
not primarily assigned to perform such a test [6].

Fig. 5 shows cord — elastomeric samples in specific
clamps manufactures for performance of the cohesion
test relating to the steel cords and elastomeric matrix.
The designation ,,A" represent single cord pulled from
matrix, "B" represent two cords pulled from matrix at once
and "C" represents three cords pulled from matrix at once.
The length of steel cords pressed in the elastomer matrix
was 10 mm, loading rate was 20 mm/min and initial
length was 100 mm.
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Fig. 5 Chosen samples of steel cord and elastomeric matrix
Obr. 5 Vybrané vzorky ocelovych kordov a elastomérovej matrice

Dependencies of the force on elongation for chosen
elastomeric samples are shown in Fig. 6. Curve "a"
represents single cord pulled from matrix, curve "b"
represents two cords pulled from matrix at once and curve

"c¢" represents three cords pulled from matrix at once.

Fig. 6 Dependency of load force on elongation from cohesion test
between steel cords and elastomeric matrix

Obr. 6 Zavislost' zatazovacej sily od predizenia zo skiisky sudrznosti
medzi ocelovymi kordmi a elastomérom

Due to better knowledge on the behavior of system cord
— elastomer, the samples with a length of steel cord
pressed in a matrix with 20 mm and 50 mm were also
subjected to the static test of cohesion.

Comparison of dependency of the force on elongation
for chosen elastomeric samples with length 10, 20 and
50 mm of steel cord which was pressed into matrix is
shown in Fig. 7. Curve "a" represents the cord pressed
10 mm into matrix, curve "b" represents the cord pressed
20 mm into matrix and curve "c¢" represents cord pressed
50 mm into matrix.
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Fig. 7 Dependency of load force on elongation from cohesion test
for various length of molding

Obr. 7 Zavislost’ zatazujicej sily od predizenia zo skisky stidrznosti
pre rézne dizky zalisu

Computational modeling of cord —
elastomeric composites

Experimental data obtained from tensile test of steel
cords and elastomeric blends and also from cohesion
tests are used as input data for characterization of
material parts in relation to the computational models.
Except the basic model which is simplified untwisted
model based on real model (Fig. 8), there are also few
types of steel cord models including model of the same
diameter and model of the same perimeter.

\

—

Fig. 8 Spatial model of steel cord 2x0.30
Obr. 8 Model ocel'ového kordu 2x0.30

Based on the simplification for fast response of
calculations computational model was designed for the
untwisted cord (Fig. 9). At the same time computational
models are designed with usage of the several cords.
The search for opportunity to shorten the calculation
time in relation to the reduction of the number of finite
elements led to utilization of symmetry with reference
to the computational model planes.
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Fig. 9 Computational model of steel cord in elastomeric matrix
Obr. 9 Vypoctovy model ocel'ového kordu v elatomérovej matrici

Conclusions

Selected elastomeric samples represent the alluvial
mixtures for rubberizing of steel cords and these
mixtures are commonly used in the production of steel
cord belts for tire casings for passenger cars.

For the test of cohesion between the elastomeric matrix
and steel reinforcement, it is necessary to know
the tensile strength of steel cords so that we are able to
specify whether there is the destruction of the adhesive
bond in the system cord — elastomer or whether there is
the rupture of reinforcement.

The results mentioned in the paper are the part of
research including computational modeling relating to
pulling of cords. The given research is also connected
with verification of data based on experiments with the
data based on computational modeling. Therefore, the
obtained results will be used as verification parameters
for the calculation of car tire casings or specific parts of
tires, such as steel cord buffers and many others.
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Study of Mechanical Properties of NR/Biopolymer Blends

Stidium mechanickych vlastnosti zmesi NR/biopolymér

doc. Ing. Petra Skalkova', PhD., Ivan Labaj'

'Alexander Dubéek University of Trenéin, Faculty of Industrial Technologies in Ptichov, 1. Krasku 491/30, 020 01
Puchov, Slovak Republic

In recent years, bio-based materials have attracted much attention because there is pollution expansion by non-
renewable resources in environment.. Cellulose is the most abundant natural polymer with very attractive
properties, such as high mechanical strength, chemical stability and biodegradability. However, cellulose has some
drawbacks. It is a very brittle and displays very low elongation even under dry conditions and it limits its
applications. Blending solves this problem by offering a simple and relatively cheap way to develop novel materials
with a number of valuable properties. Natural rubber (NR) displays multiple functions, such as good wet grip,
excellent flexibility and high damping characteristics. There is the possibility of hydrogen bonding between the
complementary binding sites of cellulose and NR and could affect the blend properties.

Keywords: polymer blends, mechanical properties, cellulose, natural rubber

Syntetické polymérne materialy su dnes Siroko vyuzivané v mnohych oblastiach priemyslu. Popri vvhodach, ktoré su
dané ich vlastnostami, sposobuju aj nemdlo problémov. Plati to najmd o obalovych materialoch vyrobenych
z polymérov, ktoré zatazuju zZivotné prostredie. Ako odpad su velmi odolné klimatickym vplyvom a biologickym
procesom, a preto tieto odpady casto trvalo koncia v Zivotnom prostredi. Problémy aspon ciastocne riesia
materialy, ktoré podliehaju biologickému rozkladu, teda su biodegradovatelné. Takéto materialy je mozné po
pouziti zlikvidovat' bezpecne a relativne rychlo biologickou cestou na prirodné zlozky. Biodegradovatelné polyméry
poskytuju kvalitativne nové moznosti zneskodrnovania resp. vyuzitia produktov z polymérov ako druhotnej suroviny.
Pre ich vyrobu mézu byt pouzité polnohospodarske produkty a odpady alebo obnovitelné suroviny z biomasy. Praca
sa zaoberd pripravou zmesi prirodného kaucuku (NR) a celulézy (CEL) v mnozstvach od 0 do 55 dsk za a bez
pritomnosti tenzidu, dodecyl sulfat sodny (SDS). Mnozstvo tenzidu SDS v zmesi bolo 0 a 3 dsk. Na pripravenych
zmesiach sa Studoval vplyv celulozy a tenzidu SDS na mechanické vlastnosti, ako je pevnost v tahu, taznost
a tvrdost’ pred a po termooxidacnom starnuti. Najvyssie hodnoty pevnosti v tahu a taznosti dosahovali neplnené
zmesi NR/O dsk CEL/3 dsk SDS a NR/O dsk CEL/0 dsk SDS pred termooxidacnym starnutim. Po termooxidacnom
starnuti sa pevnost' v tahu a taznost neplnenych zmesi znizila skoro o polovicu. Z plnenych zmesi mala najvyssiu
pevnost' v tahu pred termooxidacnym starnutim zmes NR/27,6 dsk CEL/3 dsk SDS. Po termooxidacnom starnuti sa
pevnost' v tahu plnenych zmesi zvySovala s mnozstvom plniva v zmesi. Tvrdost zmesi sa so zvySujucim mnozstvom
plniva za a bez pritomnosti tenzidu SDS zvySovala. Najvyssiu tvrdost dosahovali zmesi s najvdcsim obsahom plniva
NR/55 dsk CEL/0 dsk SDS a NR/55 dsk CEL/3dsk SDS.

Kracové slova: polymérne zmesi, mechanické viastnosti, celuloza, prirodny kaucuk

The use of fillers in rubber is almost as old as the use of  reinforcement — sufficiently small particle size and a
rubber itself. As soon as the rubber-mixing machinery  good homogeneous dispersion [4].
was developed, fillers were added to natural rubber with
the aim to improve certain properties and to reduce In recent years, biopolymers have attracted more and
the price of the rubber compound [1]. Carbon black is  more interest due to increasing environmental concern
the most important reinforcing agent used in the rubber and decreasing fossil resources. This evolution
industry, but because of its origin from petroleum, motivates academic and industrial researchers to
this filler causes pollution and gives black color to  develop novel materials labelled as “environmentally-
rubber. As a result, in the last two decades, the research ~ friendly”, i.e., materials produced from alternative
was focused on the development of other reinforcing resources, with lower energy consumption, bio-
agents derived from inorganic [2] and natural organic  degradability and non-toxicity. Since biopolymers are
[3] materials toreplace carbon black in rubber biodegradable and the main products are obtained from
compounds. The Ilevel ofreinforcement of the renewable resources, such as agro resources, they
particulate fillers depends on the shape of the hard represent an interesting alternative route to common
domains as well as on the fillers — elastomeric matrix  non-degradable  polymers for short-life  range
interactions, the principal requirements for filler applications (packaging, agriculture, biomedical etc.).
Nevertheless, until now, some of the biopolymers are
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costly compared to conventional thermoplastic and they
are sometimes too weak for practical use. Therefore, it
is necessary to extend the search for fully biodegradable
polymers which are economically accessible and
industrially accepted. In the accordance with the current
environmental concerns, the researchers are interested
in biocomposite area which is a solution for various
industrial as well as ecological problems. Moreover,
since industry is concerned with sustainable
developments, the production cost of biocomposites is
reduced and it could allow strong developments of
biopolymers-based materials [5].

Fig. 1 Structure of cellulose
Obr. 1 Struktira celulozy

Natural and synthetic polymers containing hydroxyl
groups, such as cellulose or poly (vinyl alcohol), have
a great affinity for water owing to the formation of
hydrogen bonding that swells the polymers and
eventually even can dissolve them. The presence of
a small quantity of water in the NR—Cell composites can
also plasticize the cellulose and this effect markedly
affects the mechanical properties of the blends as
aresult of the increase of the mobility of the cellulose
chains [6].

Experiment

Materials

Natural rubber SMR 10 (NR) was purchased from Kuala
Lumphur, Malaizia. Sodium dodecyl sulfate (SDS) was
supplied from Aldrich. Greencel GW 600, cellulose
fibres — Cellulose (CEL) 99.5 %, bulk density 70 —
90 g.I"" was supplied from Bukoza Invest, Ltd.

Preparation of NR/CEL blends

Cellulose was melt-blended with NR in Brabender
Plasti — Corder PLE 331. Mixing was performed at 80
and 90 °C and 50 rpm. The contents of CEL were from
0 to 55 parts per hundred rubber (phr), respectively.
SDS was used at two different amounts, namely 0 and
3 phr. Blends were vulcanized on the basis of the
following formula: stearic acid, ZnO, Flavex, N-tert-
Butyl-2-benzothiazolesulfenamide and sulphur. The
temperature of vulcanization was 150 °C.

Mechanical properties

Measurements of the mechanical properties, such as
tensile strength and elongation at break, were performed
by the Instron Corporation Material Testing System
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1.04, at 5 mm.min"' crosshead speeds, before and after
thermo-oxidative ageing. Five measurements of each
sample were performed, the average obtained values are
reported in Fig. 4 to 7. The maximum percentage error
did not exceed 8.2 %.

Results and discussion

Prepared blends of NR/CEL/SDS were tested to obtain
the mechanical properties (tensile strength, elongation at
break), hardness before and after thermo-oxidative
ageing. Amount of filler (CEL) in natural rubber was
27.5; 30; 35; 40; 45; 50; 55 phr. Sodium dodecyl sulfate
(SDS) was used in 0 and 3 phr.

Fig. 2 Hardness values of NR/CEL blends without SDS, before and
after thermo-oxidative ageing

Obr. 2 Hodnoty tvrdosti zmesi NR/CEL bez SDS pred a po
termooxidacnom starnuti

From Fig. 2 can be seen that the hardness of elastomeric
blends was increased with increasing amount of filler
(cellulose) in NR. The filler in blends causes higher
stiffness which is expressed by higher hardness of the
blends. The lowest value of hardness was exhibited by
unfilled blend without SDS (44 IRHD). The hardness
of filled blend NR/27.5 phr CEL/0 phr SDS was
increased by 23 IRHD in comparison to unfilled blend.
The highest value of hardness before thermo-oxidative
ageing was observed for NR blend with 55 phr cellulose
and 0 phr SDS (81 IRHD), it was increased by almost
40 IRHD compared to unfilled blend. Hardness of the
blends was decreased slightly after thermo-oxidative
ageing. It can be caused by the effect of temperature on
filler and on blend too. Temperature may evocate the
break down of the inter-chains in cured systems. From
Fig. 2, we can see that thermo-oxidative ageing did not
have a strong effect on hardness of the blends. Hardness
is affected by amount of filler.

In Fig. 3 we can see comparison of hardness of blends
with different amount of filler and 3 phr of SDS, before
and after thermo-oxidative ageing. Hardness of blends
filled with cellulose and 3 phr of SDS was increased in
comparison to blends without SDS. Unfilled blend with
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Fig. 3 Hardness values of NR/CEL blends with 3 phr of SDS, before
and after thermo-oxidative ageing

Obr. 3 Hodnoty tvrdosti zmesi NR/CEL s 3 dsk SDS pred a po
termooxida¢nom starnuti

3 phr of SDS had 40 IRHD hardness. In NR blend with
lowest amount of filler (27.5 phr of CEL) and 3 phr of
SDS, the hardness increased by 20 IRHD. The highest
hardness (81 IRHD) is exhibited by NR blend with 55
phr of CEL and 3 phr of SDS, before thermo-oxidative
ageing. During curing process, the filler interacts with
the curing system analogously to accelerator and it
causes shorter inter-chains and their higher density.
From Fig. 3 can be seen that presence of SDS in blend
NR/CEL did not affect hardness before thermo-
oxidative ageing. Tenside SDS plays an important role
during thermo-oxidative ageing. In Fig. 2 and 3 we can
see that hardness of blends without SDS, after thermo-
oxidative ageing, was decreased in comparison to
blends with 3 phr of SDS. Oxidative degradation of
polymers can be in progress by two mechanisms [7]. In
the first mechanism, polymers chains are broken down
and it causes softening and overall decrease in strength
of blend. In the second mechanism, random inter-chains
are created in elastomer. It causes stiffening and
brittleness. Presence of SDS probably causes oxidative
degradation by the second mechanism in blends of
NR/CEL/ 3 phr of SDS. Increase of hardness after
thermo-oxidative ageing in blends NR/CEL/3 phr SDS
is caused by random inter-chains. The blends are harder
and more brittle. Hardness of blend NR/35 phr CEL/3
phr SDS after thermo-oxidative ageing was decreased. It
can be caused by insufficient dispergation of tenside
SDS. Thermo-oxidative ageing of this blend was
progressed by first mechanism.

Fig. 4 can exhibits tensile strengths for NR blends
containing various amounts of filler and SDS before
thermo-oxidative ageing. The highest tensile strength
was observed for unfilled blend without SDS (14.1
MPa). Unfilled blend has higher elasticity than blends
filled with cellulose. The tensile strength of blends was
decreased with increasing amount of filler. The
elasticity was decreased by adding cellulose into the NR
blends. According to Fig. 4, the highest tensile strength
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was observed blend NR/30 phr CEL/0 phr SDS (6.1
MPa). The tensile strength was decreased in blends
with higher filler content than 30 phr.

Fig. 4 Tensile strength of NR/CEL/SDS blends before
thermo-oxidative ageing

Obr. 4 Pevnost’ v tahu NR/CEL/SDS zmesi pred termooxida¢nym
starnutim

The filler blended with NR has a function of barrier at
diffusion of microfissures. Blend NR/27.5 phr CEL/0
phr SDS had lower tensile strength than blend with 30
phr of cellulose. In comparison to unfilled blend without
SDS (tensile strength 14.1 MPa), unfilled blend with 3
phr of SDS displays higher tensile strength (17.9 MPa).
It is probably caused by tenside SDS. Tenside SDS
extends inter-chains created during the curing and they
support higher deformation. For NR blends filled with
different amounts of cellulose and 3 phr of SDS, the
tensile strength was decreased. Blend NR/27.5 phr
CEL/3 phr SDS exhibits tensile strength 6.8 MPa. From
Fig. 4 can be seen that SDS does not have distinct
influence on tensile strength of filled blends. The tensile
strength of blends NR/CEL/SDS after thermo-oxidative
ageing can be seen in Fig. 5. The lowest value of tensile
strength (2.2 MPa) after thermo-oxidative ageing was
observed for unfilled NR blend without SDS.

Thermo-oxidative ageing effects degradation of natural
rubber in blend. Inter-chains in curing system are
broken down. Blends have lower tensile strength than
the blends before thermo-oxidative ageing. Blends filled
with cellulose have higher tensile strength values than
unfilled blend. Filler in network of vulcanisates acts as
barrier at deformation. Filler present in blend causes
enhancing of crosslink density but it shortens it.
Therefore, probably blends filled with cellulose degrade
slower than unfilled blend. In comparison to filled
blends before thermo-oxidative ageing, tensile strength
of blends after thermo-oxidative ageing was increased
with increasing of amount of filler. The highest tensile
strength after thermo-oxidative ageing was observed for
blend NR/55 phr CEL without SDS (3.9 MPa). It can
becaused by effect of filler in blend during hermo-
oxidative a geing (mentioned above). Blends NR/CEL
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Fig. 5 Tensile strength of NR/CEL/SDS blends after
thermo-oxidative ageing

Obr. 5 Pevnost’ v tahu NR/CEL/SDS zmesi po termooxida¢nom
starnuti

without SDS with lower cellulose content than 55 phr
exhibit lower values of tensile strength in comparison to
blend NR/55 phr CEL without SDS. Unfilled blend with
3 phr of SDS had the highest value of tensile strength
(7.6 MPa) after thermo-oxidative ageing. In comparison
to unfilled NR blend without SDS after thermo-
oxidative ageing, NR blend with 3 phr of SDS had
higher tensile strength after thermo-oxidative ageing, as
can be seen in Fig. 4 and 5. Presence of SDS in
NR/CEL blends causes that oxidation progresses by the
second mechanism (mentioned above). There is the
occurrence of random inter-chains in the elastomer
during thermo-oxidative ageing. Inter-chains created by
curing in unfilled NR blend without SDS were broken
down during ageing. The highest value of tensile
strength was observed for NR/55 phr CEL/3 phr DSS
blend (3.7 MPa). From Fig. 5 can be seen, that the
presence of SDS in blend had significant effect only on
unfilled blends. Filled bends with 3 phr of SDS have
similar values of tensile strength as filled blends
without SDS.

The elongation at break of blends NR/CEL with 0 and 3
phr of SDS before and after thermo-oxidative ageing
can be seen in Fig. 6 and 7. The highest elongation at
break as well as high elasticity was observed for
unfilled blend without SDS (589.4 %). Addition of
filler into NR blends decreases elasticity and it causes
decrease in elongation at break. In relation to filled
blends, the blend NR/30 phr CEL/0 phr SDS had the
best elongation at break (293.4 %). At this amount of
filler, it indicates stiffening effect but blend is elastic
sufficiently. Before thermo-oxidative ageing, unfilled
blend with 3 phr of SDS had higher elongation at break
(629.8 %) than unfilled NR blend without SDS. Tenside
SDS is accountable for creation of longer NR-sulfur
inter-chains during curing process which causes higher
elasticity. By adding filler to blend with 3 phr of SDS,
the elongation at break decreases similarly in
comparison to blends without SDS. Filled blends with 3
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phr of SDS exhibited higher values of elongation at
break before thermo-oxidative ageing than blends
without SDS. This was probably caused by presence of
tenside SDS and its effect on inter-chains length. The
lowest value of elongation at break was observed for
filled blend NR/55 phr CEL/3 phr SDS (193.4 %).

Fig. 6 Elongation at break of NR/CEL/SDS blends before thermo-
oxidative ageing
Obr. 6 Taznost’ NR/CEL/SDS zmesi pred termooxidacnym starnutim

In comparison to blend NR/55 phr CEL/0 phr SDS,
elongation at break of blends before thermo-oxidative
ageing is almost identical. The elongation at break for
NR/CEL/SDS blends after thermo-oxidative ageing can
be seen in Fig. 7. The highest elongation at break after
thermo-oxidative ageing was observed for unfilled
blend without SDS. Thermo-oxidative ageing causes
degradation, break down of polymer chains, but the
blend keeps its elasticity. The elongation at break of
blends filled by cellulose was decreased. Blend NR/35
phr CEL/0 phr SDS exhibits increase in elongation at
break after thermo-oxidative ageing. It can be caused by
part of filler amount which was not surrounded by inter-
chains in vulcanizate after thermo-oxidative ageing.

Fig. 7 Elongation at break of NR/CEL/SDS blends after thermo-
oxidative ageing
Obr. 7 Taznost NR/CEL/DSS zmesi po termooxidacnom starnuti
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The highest value of elongation at break (382 %) was
observed for unfilled blend with 3 phr of SDS after
thermo-oxidative ageing. Effect of SDS after thermo-
oxidative ageing caused that blend kept its elasticity.
Elongation at break of blends was decreased by adding
of hydrophilic filler. In filled blends, the best value of
elongation at break was obtained in the case of NR/30
phr CEL/3 phr SDS blend. Amount of filler (30 phr)
along with SDS (3 phr) partially limits the effect of
filler against deformation. Blends with 3 phr of SDS and
amount of filler up to 35 phr have higher values of
elongation at break than blends without SDS.

Conclusions

The following conclusions can be drawn for the
effectiveness of using cellulose and sodium dodecyl
sulfate in natural rubber blends. Decreases of tensile
strength and elongation at break were observed due to
the insifficient interphase formation between cellulose
and NR matrixes in order to obtain a poor interfacial
adhesion. Overall, the tensile strength and elongation at
break was decreased with cellulose loading before
thermo-oxidative ageing, whereas the hardness was
increased for all types of rubber blends. After thermo-
oxidative ageing, tensile strength was increased with
cellulose loading.
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Utilization of Natural and Ca-clinoptilolite in the Function of Sorbent of Zinc
from Technological Wastewater — Effect of Time and pH

Vyuzitie prirodného a Ca-klinoptilolitu vo funkcii sorbenta zinku
z technologickej odpadovej vody — vplyv ¢asu a pH

Ing. Lenka Spanikova', Ing. Michaela Duréekova', prof. Ing. Darina OndruSova', PhD., Ing. Slavomira
Doméekova', Ing. Katarina Holcova'

'Alexander Dubéek University of Trenéin, Faculty of Industrial Technologies in Puchov, I. Krasku 491/30, 020 01
Puchov, Slovak Republic

The given paper is focused on the study of the removal of zinc from technological wastewater using natural
clinoptilolite and modified Ca-clinoptilolite depending on time and pH. Samples of technological wastewater came
from rubber industry, specifically from cooling baths of rubber products. Adsorbents were characterized by FTIR
spectroscopy. The samples of wastewater were analyzed to determine the exact concentration of zinc by atomic
absorption spectrometer. Efficiency of sorption was calculated on the basis of the results of concentration before
and after sorption. Obtained results of effect of time on sorption show the high efficiency of sorption (more than
90%) after 1 hour of removal of zinc. Based on results of effect of pH, it can be concluded that sorption process can
be effectively carried out not only at certain pH value but also in wide range of pH. Higher efficiency for Ca-
clinoptilolite can be also observed. Thus, clinoptilolite from Nizny Hrabovec is excellent sorbent for zinc from
technological wastewater and it can be applied in industrial wastewater treatment.

Keywords: zinc, technological wastewater, clinoptilolite, sorption process, FTIR spectroscopy

Tazké kovy ako zinok, med, olovo sii toxické, preto ich produkcia a vypustanie do Zivotného prostredia sii
nepripustné. Tieto prvky sa vsak casto vyuzZivaju pri roznych cinnostiach v priemysle, pricom vznikaju odpady
a odpadové vody s obsahom tychto prvkov. V gumadrenskom priemysle vznikaji odpadové vody obsahujice
zliceniny zinku. Bezné metody Cistenia odpadovych vod su v pripade zinku malo efektivne, preto su skiimané nové
moznosti rieSenia problému odstranovania zinku z odpadovych vod. Prezentovana prdca sa zaobera znizovanim
obsahu zinku z odpadovych technologickych vod pochddzajucich z chladiacich vani gumarenskych vyrobkov s
vyuzitim sorbentov na baze prirodného zeolitu. V praci bol vo funkcii sorbentu zinku pouZzity prirodny klinoptilolit
a pripraveny Ca-klinoptilolit. Klinoptilolit je prirodny material patriaci medzi zeolity. Jeho dutinova Struktur,
pozostavajiuca zo vzdjomne prepojenych tetraédrov SiO4 a AlO, obsahuje slabo viazané a lahko vymenitelné
kationy alkalickych kovov a kovov alkalickych zemin. Mnohé Studie a vyskumy preukazali jeho vyborné
ionovymenné a sorpcné vlastnosti, ktoré suvisia prave s jeho unikatnou Strukturou a s pritomnostou
vymenitelnych kationov. V praci sme sledovali vplyv ¢asu sorpcie, ako aj vplyv pH odpadovej vody na ucinnost
sorpcie. Na zdklade koncentracie zinku vo vzorkdach odpadovej vody pred a po sorpcii stanovenej atomovou
absorpénou spektrometriou boli vypocitané ucinnosti sorpcie. Prirodny i modifikovany klinoptilolit boli
charakterizované IC spektrometriou. Vysledky iicinnosti sorpcie zinku v zavislosti od ¢asu poukazujii na vysokii
ucinnost sorpcie uz po prvej hodine sorpcného procesu. Na zdklade vysledkov vplyvu pH na ucinnost sorpcie,
mozno konStatovat, Ze sorpcny proces prebieha velmi efektivne v SirSom rozmedzi pH. Z hladiska porovnania
sorpénych viastnosti prirodného a Ca-klinoptilolitu mozno pozorovat vyssiu sorpcnu ucinnost pre Ca-
klinoptilolit.

Kracové slova: zinok, technologicka odpadova voda, klinoptilolit, sorpcny proces, FTIR

Environmental problems have acquired a worldwide Heavy metals are not biodegradable and tend to

significance with increasing pollution of the air, soil and  accumulate in living organisms causing various disease

water. Heavy metals from industrial activities are the  and disorders [4].

frequent source of water pollution. Heavy metals such

as zinc, copper, lead are toxic elements for human Zinc is an essential mineral that is naturally present in

beings and animals, however, their concentrations in the  some foods and it is involved in numerous aspects of

surface waters increase as a result of industrial activities  cellular metabolism. Permanent overdoses may

from day to day [1 — 3]. negatively influence human and animal health and if the
concentrations of zinc are beyond the permitted limit,
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zinc may even be toxic. Toxicity is low for humans and
animals, but phytotoxicity may not be negligible.

The physicochemical and biological methods are among
many methods which are available for removal of heavy
metals. These methods are not cost effective for
removal of heavy metals because of the non-
degradability properties of heavy metals.

Therefore, wastewater contaminated by heavy metals
needs an effective and affordable technological solution
[2, 5]. The adsorption has been shown to be good
method when low-cost materials are used as adsorbents
[4 —6]. This process can reduce the concentration of
metal ions very effectively. In the last years, there was
the increase observed in relation to utilization of natural
zeolites for control of the pollution with heavy metal
ions. Zeolites have high sorption capacity, large surface
areas and selectivity to remove unwanted metal ions and
these properties make zeolites favourable for
wastewater  treatment.  Zeolites are crystalline
aluminosilicates. There are about 80 natural zeolites and
100 synthetic zeolites which are known so far. There are
zeolite deposits in more than 50 countries. The
clinoptilolite is the well-know natural zeolite.
Clinoptilolite belongs to heulandite group of minerals
and its fundamental building block is tetrahedron of four
oxygen atoms surrounding a relatively small silicon or
aluminum atom [7, 8]. Clinoptilolite carries a negative
charge in the structure and it originates from substitution
of silica (Si*") with aluminium (AI’"). These negative
charges are balanced by exchangeable alkaline and
alkaline earth metal cations (such as Na*, K*, Ca*" and
Mg™). The physical structure is porous while the pores
are enclosed by interconnected cavities in which the
metal ions and water molecules are contained [1, 8].

The results of many researchers indicated that the
clinoptilolite can be used for the removal of the heavy
metals (such as zinc, cooper, nickel, chromium) from
industrial wastewater [1, 2, 4, 9]. Other author found out
that clinoptilolite can be used in wastewater purification
in order to remove toxic and radioactive nuclides (such
as Cs, Sr, U) [10 - 12].

Rakic et al. investigated affinity of clays and
clinoptilolite for the adsorption of salicylic acid,
acetylsalicylic acid, atenolol (pharmaceuticals) from
aqueous solutions [13].

In this study, there is the investigation of the zinc
sorption by natural and Ca-clinoptilolite depending on
time of sorption as well as on pH value of technological
wastewater.
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The zeolite used in this study is clinoptilolite from
deposits in Nizny Hrabovec in Slovakia. Deposit
contains from 40 to 70 % of this zeolite mineral. Slovak
zeolite has very good thermal properties and radiation
stability. Composition of natural clinoptilolite was
investigated by electron microanalysis (tab.1) [14, 15].

Tab. 1 Composition of clinoptilolite sample
Tab. 1 Zlozenie klinoptilolitu

Composition [%]
SiO, 73.94
ALOs 12.31
Na,O 0.5
K,0 3.98
CaO 5.24
Fe,05+FeO 3.48
TiO, -
MgO 0.75
Experiment

The clinoptilolite in natural form and its chemically
modified form were used for experiments. Calcium
chloride was used for the chemical treatment. The
technological wastewater originated from cooling baths
in rubber industry. Initial concentration of zinc in
samples of wastewater was determined by atomic
absorption spectrometer (AAS) using the air-acetylene
flame.

Adsorbent treatment

At first, clinoptilolite was processed by crushing and
sieving to obtain the particle size 0.063-0.16 mm.

Exchanged form (Ca”") of clinoptilolite was prepared by
ion-exchange between 1M calcium chloride solution
and natural clinoptilolite. Process of ion-exchange took
24 hours at determined rate of speed of 250 rpm. After
filtration, the exchanged form was washed with distilled
water to a negative reaction for CI" and then, it was
dried at 100°C for 3 hours.

Adsorbents characterization

The infrared spectra of natural clinoptilolite and Ca-
clinoptilolite were recorded by FTIR Spectrometer
Tensor 27 for the region 400-4000 cm™. Infrared
spectrum of natural clinoptilolite is presented in fig. 1
and selected bands of the IR spectra of natural and Ca-
clinoptilolite are shown in tab. 2
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Fig. 1 Infrared spectrum of natural clinoptilolite
Obr. 1 Infracervené spektrum prirodného zeolitu

Tab. 2 Selected bands/vibrations of FTIR spectra of natural and Ca-
clinoptilolite
Tab. 2 Vybrané typy vibracii/skupin prirodného a Ca-klinoptilolitu

Type of Natural Ca-
vibration/band clinoptilolite clinoptilolite
[em™] INC] [CaC]
3623.10 3653.49
v(O-H) 3432.24 3400.51
3(H-0-H) 1637.43 1639.03
v(Si-0) as. 1042.75 1048.87
795.05 797.22
v(T-0)s. 712.32 -
672.54 673.43
3 (T-0) 523.01 521.39
468.15 47435
*T = Si, Al

Infrared spectroscopy showed presence of typical bands
which can be commonly observed for natural
clinoptilolite. Bands in the region 3400-3700 cm’
correspond to asymmetric and symmetric OH stretching
vibrations (3623 cm”, 3432 cm’ NC, 3653 cm’,
3400 cm™ CaC) [16]. The FTIR bands (1637 cm™ NC,
1639 cm™ CaC) belong to the bending mode of the
water [17]. The adsorption peaks at 1040-1070 cm’
correspond to Si-O asymmetric stretching vibrations
(1042 cm™ NC, 1048 cm” CaC) and symmetric
stretching vibrations of SiO, and AlQ, tetrahedra are
presented by peaks at 795 cm™, 712 cm™ for NC and 797
cm’ for CaC. Bending vibrations of SiO, and AlO,
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tetrahedra are represented by adsorption peaks at 672
eml, 523 em™! and 468 cm™! for NC and 673 ¢cm™, 521
cm™ a 474 cm™ for CaC, respectivelly [18, 19].

The experiments of sorption — effect of time

The effect of time on zinc removal from technological
wastewater was investigated in the range 1, 2, 4, 6, 12
hours. For zinc removal depending on time, 300 ml of
wastewater sample containing zinc was mixed with 4g
of natural clinoptilolite for specified time interval at rate
of speed of 300 rpm and pH of samples was 5.56.

The same procedure was used for zinc removal in
relation to prepared Ca-clinoptilolite.

The experiments of sorption — effect of pH

The effect of pH on zinc removal from wastewater was
investigated in the range 2 - 6. The pH of wastewater
samples containing zinc was adjusted by appropriate
amount of H,SO,. Exact pH of the solutions was
determined using the pH meter. For zinc removal
depending on pH, 50 ml of sample was mixed with
0.8 g of natural clinoptilolite (or Ca-clinoptilolite) for 4
hours at rate of speed of 300 rpm.

After each experiment, the adsorbent was removed by
filtration while the exact metal concentration was
determined in the filtrate by AAS.

Results and discussion

The efficiency of sorption process was calculated on the
basis of the measured results using the following
equation:
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ef ficiency of sorption (%) = ‘"‘—_cr 100 (1)

o
where ¢, — initial zinc concentration in sample (mg/1), ¢,
— concentration of zinc in time t (mg/1)

Results of efficiency of zinc sorption in relation to
the natural and modified clinoptilolite depending on
time

Figs. 2 and 3 illustrate the effect of sorption time on
removal of zinc in relation to the natural clinoptilolite
and modified Ca-clinoptilolite. Efficiency of sorption
process was calculated using eq.1. The conditions of
sorption are given in the figure legends.

Efficiency of zinc sorption using natural clinoptilolite-
effect of time
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92,44 3226
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Fig. 2 Effect of time on zinc sorption using natural clinoptilolite
(initial zinc concentration = 334 mg/l, pH = 5.56, rpm = 300)
Obr. 2 Vplyv ¢asu na sorpciu zinku na prirodny klinoptilolit
(pociato¢na koncentracia zinku = 3,34 mg/l, pH = 5,56, rpm =
300)

As can be seen, in the case of evaluation of sorption
using natural clinoptilolite, high efficiency of sorption
occurred within the first one hour of contact. This result
shows high effectiveness of process.

Efficiency of zinc sorption using Ca-clinoptilolite - effect
of time
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Fig. 3 Effect of time on zinc sorption using modified Ca-clinoptilolite
(initial zinc concentratrion = 3.34 mg/l, pH = 5.56, rpm = 300)

Obr. 3 Vplyv ¢asu na sorpciu zinku na modifikovany Ca-klinoptilolit
(pociato¢na koncentréacia zinku = 3,34 mg/l, pH = 5,56, rpm =
300)

Using Ca-clinoptilolite as sorbent, the concentration of
zinc decreases significantly after the first hour but the
highest efficiency of sorption was reached after 4 hours.

Short adsorption times are preferred for the minimum
energy consumption and it leads to fact that natural and
modified clinoptilolite can be accepted as an efficient
adsorbent for zinc removal.
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Results of efficiency of zinc sorption in relation tot
he natural and modified clinoptilolite depending on
pH of solution

Figs. 4 and 5 illustrate the effect of pH sample on
removal of zinc using natural clinoptilolite and modified
Ca-clinoptilolite.

Efficiency of zinc sorption using natural clinoptilolite -
effect of pH
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Fig. 4 Effect of pH sample on zinc sorption using natural
clinoptilolite (initial zinc concentration = 3.34 mg/l, t = 4h,
rpm=300)

Obr. 4 Vplyv pH vzorky na sorpciu zinku na prirodny klinoptilolit
(pociatocna koncentracia zinku = 3,34 mg/l, t = 4 h, rpm = 300)

As can be seen in fig. 4 and fig. 5, efficiency of sorption
is low at pH = 2. The value of efficiency is increased by
increasing the pH value. It is apparent that using
solutions at pH values between 3 and 6 gives the highest
values of efficiency. Thus, the sorption process can be
carried out not only at a certain pH value, but also in the
wide range of pH values (initial pH of wastewater is
5.56 and it is inside this mentioned range therefore,
there is not need to change it). These results are in
agreement with several previous investigations of metal
removal by a variety of materials which revealed that
the sorption capacity is low at pH values below 4
because of the competition between the protons and
metals ions for the exchange sites of the zeolite
particles. Thus, increased external H™ concentration
(due to lowered pH) can have effect on metal ion
removal via ion-exchange by direct competition effects
between the protons and metal ions for the exchange
sites of the zeolite [8].

Efficiency of zinc sorption on Ca-clinoptilolite- effect of

pH
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Fig. 5 Effect of pH sample on zinc sorption in relation to the modified
Ca-clinoptilolite (initial zinc concentration = 3.34 mg/l, t = 4h,
rpm = 300)

Obr. 5 Vplyv pH vzorky na sorpciu zinku na modifikovany Ca-
klinoptilolit (po€iato¢na koncentracia zinku = 3,34 mg/l, t =
4 h, rpm = 300)
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Conclusions

In this study, the interaction between zinc and natural
and Ca-clinoptilolite has been investigated. The effect
of time and pH on efficiency of sorption process has
been studied. Based on obtained results, it can be
concluded:

e minimum difference in sorption capacity between
natural and modified clinoptilolite

high efficiency of sorption after the first one hour
of process

the sorption process can be effectively carried out

in range of pH values from 3 to 6

Finally, it can be summarized that clinoptilolite from the
locality Nizny Hrabovec is suitable for the significant
decrease of zinc content from technological waste water
from rubber industry. The obtained results confirmed
the great sorption capacity of clinoptilolite and this
statement is presented by many researches.
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Removal of Fe(Ill) and Pb(I) from Aqueous Solutions Using Natural
and Modified Zeolite

Odstranovanie Fe(IIl) a Pb(Il) zvodnych roztokov pomocou prirodného
a modifikovaného zeolitu

Ing. Michaela Duréekova', Ing. Lenka Spanikova', prof. Ing. Darina Ondrusova, PhD.'

! Alexander Dub&ek University of Tren¢in, Faculty of Industrial Technologies in Puchov, I. Krasku 491/30, 020 01
Puchov, Slovak Republic

The presented work deals with the preparation of modified forms of natural zeolite and it is also focused on
environmental application of these investigated modified forms in the process of Fe and Pb removing from water
solutions. The environment including water is exposed to heavy metals from the long term aspect. It is the general
truth that industrial activities represent one of the many sources in relation to heavy metals penetrating the
environment. The use of natural minerals based on zeolite is the one of the possibilities relating to partial solution
of the problem. Due to their physico-chemical properties arising from their unique three-dimensional cavity
structure, these natural nanomaterials are suitable for all partial detoxification of the environment. Enriching the
zeolite surface with particles (for example Fe;0, — magnetit) can improve its adsorption capacity and thus it is
possible to use it for the wide spectrum of substances. Natural zeolite was modified by magnetic particles of
magnetit in such amount to make possible to remove it from water solutions by magnetic separation.

Keywords: zeolite, heavy metals, sorption, magnetic modification

Praca je zamerana na pripravu modifikovanych foriem prirodného zeolitu obohatenych casticami magnetitu a ich
vyuzitie v procese odstranovania Zeleza a olova z vodnych roztokov. Prirodné a syntetické zeolity maju unikatne
Strukturne, fyzikalne a chemické vlastnosti, ktoré ich predurcuju pre vyuZitie v mnohych technologickych,
polnohospodarskych a ekologickych procesoch. V mnohych pripadoch je vyhodné obohatit povrch zeolitu ionmi
a casticami, ktoré zvysia jeho adsorpcnu kapacitu, resp. umoznia jeho poutzitie aj pre latky, ktoré sa na neupraveny
zeolit neadsorbuju. Modifikacia pomocou magnetickych castic, okrem zvysenej kapacity pre adsorpciu, obohati
zeolit aj o magnetické vlastnosti. Takto modifikovany zeolit poniika vyhodu jednoduchej separdacie v magnetickom
poli, ¢o ma velky vyznam z hladiska regenerdcie adsorbenta. Vyhodou pouzitia oxidov Zeleza, magnetitu (Fe;0,),
ako magnetického modifikacného prvku je okrem magnetickych vlastnosti aj jeho termickd a chemicka stabilita.
V studii sa prirodny a modifikovany zeolit o réznych zrnitostiach pouzil na odstraiovanie ionov tazkych kovov
z vodnych roztokov. V prvej casti sa odstranoval ion Fe(Ill) z odpadovej vody, vyslednd koncentrdcia sa stanovovala
spektrofotometricky. V druhej casti experimentu sa odstranoval kation Pb(Il) z pripravenych modelovych roztokov
v zavislosti od casu sorpcie. Vypocitala sa ucinnost odstranovania Pb(Il) v percentach a zndazornila sa grafickymi
zavislostami v zavislosti od casu sorpcie. V pripade prirodného zeolitu o zrnitosti 0,063-0,125 mm sa experiment
rozsiril o vypocet a grafické zndzornenie adsorpcnej kapacity v rovnovihe. Ziskané vysledky budu pouzité v dalSej
Studii, ktora by sa mala zaoberat odstranovanim kationov tazkych kovov z popolceka v uloziskach, ktoré su
nebezpecné pre zZivotné prostredie. Prirodny zeolit je vhodnou moznostou pre pouzitie na tieto ucely vzhladom na
jeho nizku cenu a vysoku absorpcnu schopnost.

Kracové slova: zeolit, tazke kovy, sorpcia, magneticka modifikacia

Zeolites are widespread and their wealth is based on the M,Dy[Aly12ySin (x:24)O02n] - mH,O

crystal shapes, colours for one mineral type and

incidence of very diverse group of minerals. Zeolites are ~ where M, and D, are important cations of monovalent
hydrated silicates of spatial structure. They belong to a  [M,] and divalent [Dy] elements which offset negative
group of tectosilicates [1]. The [SiO,]* tetrahedron is the  charge arising due to substitution of Si*" by AI*'.
basis of the crystal structure and the common oxygen Including Na, the monovalent elements are frequently
ions are there to provide the mutual interconnection. present but K is occasionally present too. In relation to
Silicon tetrahedron tends to be partially replaced by the divalent elements, Ca is present rarely, Ba and Sr as
aluminium ions (Fig. 1). well as Mg and Mn are present occasionally.

The general chemical formula of zeolites can be
expressed as follows:

70



Hutnické listy ¢. 3/2014, ro¢. LXVII
ISSN 0018-8069

Recenzované vyzkumné ¢lanky
Peer-reviewed research papers

Fig. 1 Structure of zeolites[2]
Obr. 1 Struktura zeolitov [2]

Natural zeolite channel diameters vary from 0.2 nm to
0.7 nm.

The voids may be given only to those substances whose
molecules have a diameter smaller or equal to the
diameter of duct inlet openings. Molecules which are
larger than the diameter of the channels do not pass
through cavities [3].

Quantity and selectivity of cations bound to zeolite
dependent on a number of factors while the most
important factor is pH but the structure of zeolite,
electrolyte, the presence of other ions and the time of
adsorption are also very important factors.

In many cases, it is advantageous to enrich the surface
of the zeolite particles and ions in order to increase the
adsorption capacity and then, it allows us to use it for
such substances that are not commonly adsorbed by
zeolite. Modification which is based on usage of the
magnetic particles leads to the increase of the adsorption
capacity of zeolite and it is also connected with
enhancement of the magnetic properties. Thus, the
modified zeolite offers the advantage in relation to the
easy separation in a magnetic field and it is very
important from the aspect of regeneration of
adsorbent [4].

The zeolite surface treatment based on magnetic metal
nanoparticles (Fe, Co, Ni) is one of the most popular
ways for modification of zeolites by magnetic particles.
The addition of magnetic particles, such as iron oxide —
magnetite (Fe;O04) or maghemite (y-Fe,O3;) has good
influence on modification of the magnetic properties as
well as thermal and chemical stability [5].

Experiment

In relation to the experiment, the natural zeolite —
clinoptilolite from site of Nizny Hrabovec was used.
Crushing and sieving process led to preparation of the
following fractions of clinoptilolite:

e 0.25-0.40 mm
e 0.40-0.63 mm
e 0.63-1.00 mm.

We modified natural zeolite particles by magnetite
Fe;0,. The natural zeolite was added to water solution
of FeCly and FeSO, with the ratio Fe** : Fe*" = 2. After
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heating the mixture to 70 °C, magnetite was precipitated
by solution NH,OH according to the equation:

FeSO,.7H,0 + 2FeCl,.6H,0 + 8NH,0OH —
Fe,0,+ (NH,),SO,+ 6NH,Cl + 23H,0

4)2

The mixture was decanted until the pH = 6.5 was
obtained and then it was filtered and dried. The
procedure was applied for all three investigated particle
sizes of zeolite.

The samples based on modified zeolite were used for
the removal of iron ions from the aqueous solution by
adsorption. The concentration of iron in aqueous
solution before and after sorption of the zeolite was
determined by spectrophotometric  method of

calibration lines.

The next one step of the experiment was connected with
the study of sorption of Pb(II) from model solutions of
Pb(NOs), for the exact concentration. The natural as
well as modified zeolite was prepared and used in such
a way as it is described above. We used these fractions
of zeolite:

0.063 — 0.125 mm

0.125-0.2 mm

In relation to the sorption, 1 g of zeolite and 75 ml
solution of Pb(NO;), were used for the exact
concentration [16.5 g Pb(Il) / dm’]. The sorption time
was monitored and determined for 0.5, 1, 2, 3 and
5 hours. After the lapse of the determined sorption time,
the solid phase was separated from the liquid by
filtration. Concentration of Pb(II) in the filtrate was
determined by titration — chelatometric way. From the
resulting concentrations, the removal efficiency was
calculated according to the equation:

Yo~ Ve
Yo
where y, and 7y, represent the initial and equilibrium
contrentration of Pb(II) in aqueous solution [mg
Pb(I1)/dm’]. The course of the removal efficiency in

dependency on time of sorption is shown in Figs. 5-6.
For a sample of natural zeolite with a grain size of
0.063-0.125 mm, the adsorption capacity at
equilibrium [mg Pb(Il) / g] was determined using
following equation:

Removal % = -100

(M

oo (ro—7.)V )
m

where ¥ is the volume of the Pb(NO;), [dm’] and m is

the amount of sorbent [g]. The course of adsorption

capacity at equilibrium in dependency on time of

sorption is shown in Fig. 7.

Results and discussion

The zeolite, modified by magnetite particles, was used for
the removal of iron cations from aqueous solution.
Aqueous solution of iron was mixed with factions of
modified and the natural zeolite in order to gain the
sorption of iron ions in the structure of zeolite. The time
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intervals: 0.5, 1, 2, 3, 5, 8 and 24 hours were used for
determination and designation of samples and the
aqueous solution was determined by the concentration of
iron sorption of the zeolite. The original Fe concentration
in aqueous solution was 10.7181.10” mol.dm™. The final
iron concentration in the aqueous solutions for each
time of sorption relating to the three studied fractions is
shown by help of graphs in Figs. 2-4.

The mentioned graphical dependencies show that
sorptive capacity of modified zeolite decreases with
increasing particle size of zeolite and it is caused by
reduction of the specific surface of the zeolite. The
highest sorption efficiency was observed for a modified
zeolite with grain sizes of 0.25 — 04 mm. The
measurement results show that the concentration of Fe
decreases with increasing initial sorption time. After
eight hours of sorption, the concentration of Fe in
solution increases transiently but then, it decreases to a
value of 1.3444.10” mol.dm™ after 24 hours of sorption.
In relation to the zeolite containing magnetite Fe ions,
the results confirmed the ability of sorption from
aqueous solutions.

The experiment was also focused on investigation of
sorption efficiency of the zeolite which was modified
with magnetite particles and the values were compared
to the values which were obtained for the sorption
efficiency of natural zeolite — clinoptilolite.

Fig. 2 Comparison of Fe concentration in aqueous solution after
sorption — natural and modified zeolite (grain size 0.25 -
0.4 mm)

Obr. 2 Porovnanie vyslednej koncentracie Fe vo vodnom roztoku po
sorpcii s vyuzitim prirodného a modifikovaného zeolitu
(zrnitost’ 0,25 - 0,4 mm)

The graphical dependencies in Figs. 2 - 4 show that
natural zeolite exhibited higher sorption capacity than
modified zeolite for all assessed sorption time when the
grain size was from 0.25 to 0.4 mm. In relation to the
larger grains of zeolite where the grain sizes were from
0.4 to 0.63 mm and from 0.63 to 1 mm, the modified
zeolite exhibited greater sorption efficiency than natural
zeolite with regard to the sorption after 24 hours.
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Fig. 3 Comparison of Fe concentration in aqueous solution after
sorption — natural and modified zeolite (grain size 0.4 -
0.63 mm)

Obr. 3 Porovnanie vyslednej koncentracie Fe vo vodnom roztoku po
sorpcii s vyuzitim prirodného a modifikovaného zeolitu
(zrnitost’ 0,4 - 0,63 mm)

Fig. 4 Comparison of Fe concentration in aqueous solution after
sorption — natural and modified zeolite (grain size 0.63 - 1 mm)

Obr. 4 Porovnanie vyslednej koncentracie Fe vo vodnom roztoku po
sorpcii s vyuzitim prirodného a modifikovaného zeolitu
(zrnitost’ 0,63 - 1 mm)

The removal efficiency by the natural and modified
zeolite is shown in graphs in Figs. 5 and 6.

The obtained data show that the efficiency of sorption
of Pb(II) from aqueous solutions by natural zeolite is in
the range of 71 — 75 % while the efficiency of sorption
of Pb(Il) by modified zeolite is in the range of 69 —
72 %. Zeolites with smaller particle size show the
increase in the mentioned efficiency.

Fig. 5 Graph of removal efficiency in dependency on time of sorption
— natural and modified zeolite with a grain size of 0.063 - 0.125
mm

Obr. 5 Graficka zavislost’ u¢innosti sorpcie od ¢asu sorpcie — prirodny
a modifikovany zeolit o zrnitosti 0,063 — 0,125 mm
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Fig. 6 Curve of removal efficiency in dependency on time of sorption
— natural and modified zeolite with a grain size of 0.125 -
0.2 mm

Obr. 6 Grafickd zavislost ucinnosti sorpcie od Casu — prirodny
a modifikovany zeolit o zrnitosti 0,125 — 0,2 mm

Fig. 7 Curve of adsorption capacity in dependency on time of
sorption — natural zeolite with a grain size of 0.063 - 0.125 mm

Obr. 7 Krivka adsorpénej kapacity v zavislosti od €asu — prirodny
zeolit so zrnitost'ou 0.063 - 0.125 mm

Conclusions

Three samples of modified zeolite enriched by particles
of magnetite with different grain size were prepared and
they used for removal of Fe(IIl) from aqueous solution.
Sorption capacity of modified zeolite was compared
with the sorption capacity of natural zeolite -
clinoptilolite. The results of the measurements show that
there is the possibility to apply the modified zeolite with
particles of magnetite in the process of iron ions

removal from aqueous solutions. The highest efficiency
was detected after 24 hours of sorption in the case of
grain size from 0.25 to 0.4 mm. It can be concluded that
sorption properties of modified zeolite at certain time
intervals are comparable to sorption properties of the
natural zeolite. The magnetic properties of modified
zeolite with magnetite particles allow its easier
separation from aqueous solutions using magnetic field.

The results obtained from the experimental study of
Pb(Il) removal from model water solutions indicate
a high sorption capacity of both studied types of zeolites
— natural as well as modified. The obtained results show
that zeolite can be used as an excellent sorbent for
recultivation of the ponds polluted by fly ash because
this type of waste represents a danger for environment.
However, this application of zeolite requires further
study in order to eliminate the harmful effects of fly ash
in the various storage sites to a minimum.
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Experimental Study of Filler Influence on Mechanical Properties of HDPE

Experimentalne Stidium vplyvu plniv na vybrané mechanické vlastnosti
HDPE

Ing. Dana BakoSovi, PhD.'

'Alexander Dubéek University of Trenéin, Faculty of Industrial Technologies in Piichov, 1. Krasku 491/30, 020 01
Puchov, Slovak Republic

The works deals with a study of fillers influence on chosen mechanical properties of high density polyethylene
(HDPE) and the given influence was investigated by using of atomic force microscopy (AFM). Moreover, the used
method as well as equipment relating to atomic force microscopy (AFM) is also described in this paper. In
presented measurements by using of spectroscopic curve, the homogeneity and ratio of Young’s modulus for HDPE
samples were evaluated. The HDPE samples were prepared in standard way as well as they were modified by
adding of silver and gold pigment. For each sample, the curve was created by using of five different places — points.
We employed the general approximation and Snedonn's formula for analysis of data and calculation of Young'’s
modulus off complete rake curve. On the basis of the spectroscopy curves and following calculations, it can be
concluded that Young’s modulus of the HDPE sample with silver is the 1.197 times higher than Young’s modulus of
standard HDPE and the HDPE sample with gold is 0.822 times lower in comparison to standard. We can conclude
that the HDPE pigmented with silver has the reinforcing effect. From these surface topography and spectroscopic
curve inclination, it is possible to point out that all used samples are homogeneous.

Keywords: AFM, HDPE, polyethylene, filler

Praca sa zaobera studiom vplyvu plniv na mechanické vlastnosti HDPE pouzitim AFM. Porovnavali sme modul
pruznosti v tahu HDPE bez plniv a HDPE s pridavkom strieborného a zlatého pigmentu. PouZzili sme atomovy
silovy mikroskop NT-206, ktory spolu s riadiacim programovym zabezpecenim a prostriedkami spracovania AFM-
zobrazeni je urceny na meranie mikro a submikroreliefu povrchov, objektov mikro a nanometrovych rozsahov
s vysokym rozlisenim. Oblasti pouzitia AFM NT-206 su fyzika pevnych materidlov, tenkovrstvové technologie,
nanotechnologie, mikro a nanotribologia, mikroelektronika, optika, vyskum preciznej mechaniky, magnetické
nahravanie, vikuova technika atd. Pouzitim AFM NT-206 je mozné snimat krivky zobrazujuce zavislost sily
spolupésobenia sondy a povrchu vzorky od vzdialenosti medzi nimi — su to krivky priblizenia/oddialenia. Tieto
krivky su dolezZité na meranie vertikdlnej sily prikladanej k povrchu zo strany hrotu v procese skenovania. Z krivky
mozeme okrem sily vyhodnotit viskozitu zasSpineného povrchu, hrubku vrstvy pokrytia a tieZz miestne varidcie
pruznych vlastnosti povrchu. Krivka priblizenia/oddialenia je grafickou zavislostou odklonu meracej konzolky od
predlzenia skenovacieho zariadenia. Spektroskopickii krivku sme zosnimali na piatich réznych miestach kazdej
vzorky. Krivky sme v pozadovanom useku aproximovali na priamku, za ucelom ziskania smernice priamky k, pri
kazdej vzorke sme urobili aritmeticky priemer ziskanych smernic. Pre vypocet pomeru modulov pruznosti
Jednotlivych vzoriek sme pouzili Snedonnov vztah, ktory udava zavislost medzi zatazovym gradientom dP/dh, ktory
zodpoveda smernici priamky a Youngovym modulom pruznosti E. Zo spektroskopickych kriviek a vypoctov sme
zistili, Ze vysokohustotny polyetylen HDPE so striebornym pigmentom ma 1,197krat vicsi modul pruznosti ako
HDPE bez plniv. Modul pruznosti HDPE so zlatym pigmentom je 0,822krdat mensi ako modul pruznosti HDPE bez
piniv. Vysledky ukazuju, Ze strieborny pigment ma v HDPE speviiujuce ucinky. Z topografie povrchu a zo sklonu
spektroskopickych kriviek je vidiet, ze vzorky su homogénne.

Krucové slova: AFM, HDPE, polyetylén, plnivo

The Properties of Polyethylene coordination polymerization or cationic addition
polymerization. This is because ethene does not have
Polyethylene is a thermoplastic commodity made by the ~ any substituent groups which influence the stability of
chemical industry and it is often used in consumer  the propagation head of the polymer. Each of these
everyday products_ Polyethylene is a polymer methods results in a different type ofpolyethylene [1].
consisting of long chains of the ethylene monomers.
Polyethylene is produced through polymerization of  Polyethylene is classified into several different
ethene. It can be produced through radical categories based mostly on its density and branching.
polymerization, anionic addition polymerization, ion

74



Hutnické listy ¢. 3/2014, ro¢. LXVII
ISSN 0018-8069

Recenzované vyzkumné ¢lanky
Peer-reviewed research papers

The mechanical properties of PE depend significantly
on variables such as the extent and type of branching,
the crystal structure, and the molecular weight. The
various types of polyethylene are produced and they era
described hereinafter. UHMWPE (ultra high molecular
weight PE) exhibits outstanding toughness, resistance to
cut, wear and it has also excellent chemical resistance
and due to these properties, UHWMPE is used in a
wide variety of applications including production of can
and bottle handling machine parts, moving parts of
weaving machines, bearings, gears, artificial joints,
edge protection of ice rinks, butchers' chopping boards.
HMWPE (high molecular weight polyethylene) or
HDPE (high density PE) is commonly used for such
products and packaging materials as milk jugs,
detergent bottles, margarine tubs, garbage containers
and water pipes. In addition to the mentioned types of
polyethylene, there are also HDXLPE (high density
cross-linked PE), PEX (cross-linked PE), MDPE
(medium density PE) and they are commonly used in
gas pipes and fittings, sacks, shrink film, packaging
film, carrier bags, screw closures. LDPE (low density
PE), LLDPE (linear low density PE) are predominantly
used in film applications due to good toughness,
flexibility, and relative transparency. VLDPE (very low
density PE) is used for hose and tubing, ice and frozen
food bags, food packaging and stretch wrap.

Atomic-force microscope

Atomic-force microscope (AFM NT-206 - Fig. 1) in
a complex with control and image processing software
is intended for measurement and analysis of surface
micro- and submicrorelief, objects of the micro- and
nanometer range with high resolution [1].

Fields of application of the AFM include physics of
solids, thin-film technologies, nanotechnologies; micro-
and nanotribology, microelectronics, optics, testing
systems of the precision mechanics, magnetic record,
vacuum engineering etc.

The AFM can be used in scientific and industrial
laboratories.

The image of a surface by the AFM is obtained through
scanning of a sample in a horizontal plane by a tip
attached to the cantilever and this tip has the curvature
radius about tens—hundreds of nanometers. A control
system traces the probe position relative to the sample
surface in every measurement point and it also adjusts
the tip to sample separation at constant level set by the
operator. The changes of the probe vertical position in
every point lead to the AFM data matrix which is
recorded in a file and then can be used for further
processing, visualization and analysis [2].

The scanning unit (Fig. 1) is designed for work in open
air and gives convenient access for sample installation
and change of scanning probe. The instrument employs
measuring scheme with stationary probe over the
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movable sample. During measurements, precision
movements of the sample are provided by a tube
piezoscanner on which the sample is placed. Before
measurements, the position of the probe has to be
adjusted over sample to target necessary area using
motorized positioning stage.

The scanning unit comprises base platform (case) (1)
and detachable measuring head (8). All mechanisms are
assembled on the case upper plate that serves as a base
plate. On lower side (inside the case), there is
a mechanism of the piezoscanner vertical motion on the
base plate. The mechanism provides the approach
(lifting) and the withdrawal (lowering) of the
piezoscanner in relation to the sample placed on sample
platform established on the tube top (16) relating to the
probe (Z or vertical motion). Range of the mechanism
motion is from 20 mm with the step down to about
200 nm.

On the upper side of the base plate, the XY positioning
stage is mounted and it is used for preparatory motion
of the measuring head over the sample (coarse XY
positioning) to target necessary area on it. The
positioning stage consists of Y stage (2) with its driving
stepper motor (3) and X stage (4) with own driving
stepper motor (5). The XY positioning stage motion
range is 10 mm in both directions with step 2.5 micron.

From above, the X positioning stage, a dove tale (6) is
mounted for installation of the measuring head (8). The
measuring head (8) is installed by moving it forward
from the front in horizontal plane. Screw (7) serves for
tight fixing of the measuring head on base platform. To
switch the measuring head into the general circuit, it is
necessary to plug its cable (20) into socket on the rear
side of the case. Additionally, it is necessary to plug the
USB cable (21) of the video camera (18) into free USB
socket on the host computer. To detach the measuring
head from the base platform (case), the connectors
(from measuring head and from video camera) have to
be unplugged, the fixing screw has to be unscrewed (7)
and the head off the dove tail has to be pulled (6).

Measuring head (8) represents a high-precision system
comprising mechanical, optical and electronics
equipped with specially designed video camera (18). In
the lower part of the measuring head, a removable
probe holder (12) is installed. Screw (13) is used for
locking the probe holder after installation it in the
measuring head. Knobs (9) and (10) serve for targeting
the laser beam on to the probe at tuning. It is important
to say that laser source and video camera optics are
integrated in one system and therefore video camera
(18) moves with the laser source adjustment. This
scheme provides permanent targeting of the video
camera on to the area around the laser beam center.
Knobs (14) and (15) are used for tuning the
photodetector on to the beam reflected from the rear
side of the probe cantilever. Axis (11) turns a mirror
reflecting the bounced beam on to the photodetector
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and can be used for additional tuning of the measuring
system (it is, however, recommended to keep this axis
as it was established by the manufacturer and use this
option in extreme cases).

Ring (19) on the video camera tube (17) serves for fine
focusing of the video system in the range about 1 mm
along vertical axis. The video camera module (18) can
be detached from the system by unfixing special screw
on the tube and pulling it then up. The video system
contains fine optical elements inside and therefore it is
strongly recommended to protect the opened ends of the
tubes against dust and dirt.

Fig. 1 Scanning unit of atomic force microscope NT-206. 1
Obr. 1 Zakladné casti skenovacieho bloku AFM NT — 206

Utilization of atomic-force microscope

Using AFM, it is possible to scan curves that show
dependence of interaction of the probe composite force
and surface of the sample relating to distance between
them — they are curves of approach/moving off. These
curves are very important for measurements of vertical
force attached to the surface from the side of the tip in
the process of scanning. Besides the force, it is also
possible to evaluate viscosity of dirty surface, thickness
of the covering layer and also local variations of elastic
properties of the surface from the curve.

The curves of approach/moving off that are obtained
seem to be specific for each sample enough and at the
same time we can separate general characteristic
sections in them, as shown in Fig. 2.

Section A-B: In the left part of the curve there is
ascanning device completely moved off and
the cantilever is not bent because the tip is not in the
contact with the sample. By approaching the surface,
the cantilever is not bent until the Van der Waals forces
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start to act (point B). In this part the curve does not
contain any useful information.

Section B—C: In point B, the cantilever suddenly starts
to move towards the surface and the tip starts to be in
a contact with the surface (point C). This part of the
curve is known as “leap to contact”. Besides Van der
Waals attractive forces and electrostatic forces, there is
acompound influence of the surface moisture
capillarity as well as impurities and grease on the tip
during the working in air environment. Change of the
force in the part B-C of the curve can be related to
the tip shrinkage in accordance with the Hook law
(F =-kAx) and it allows to evaluate the thickness of
absorbed layer on the sample surface.

Section C—D: This part characterizes further approach
of the probe to the sample and it is accompanied by
driving needle tip to the surface and moreover there is
nearly linear curve of the cantilever towards the surface.
From the shape of the C-D section, we can evaluate
modulus of elasticity of the system probe—surface. In
the case that, for example, the measuring probe is much
softer than the surface of the sample, the curve
inclination presents mostly elastic constant of the
cantilever itself. Contrariwise, if the hardness of the
cantilever is much harder than the surface of the
sample, inclination of the section C-D allows us to
study elastic features of the sample. Section C-D does
not have to be straight line at all, the inclination change
of this curve part shows differences in surface reactions
to different attached force [3, 4].

Section D-E: Point D refers to the end of the
approaching phase and the beginning of moving-off
phase from the surface. If there is not hysteresis of the
scanning device, the section D—E is practically the same
as the section of the curve C-D, which we obtained
during the approach. In the case that both of these
sections are straight and parallel they do not give us any
additional information (besides above mentioned). In
the case that they are unparallel it allows us to
determine plastic and elastic deformation of the sample
(if the speed of recovery of surface geometrical features
is slower than moving-off of the probe).

Section E—F': Point E refers to the neutral divergence of
the cantilever. During further moving-off of the probe
from the surface, the cantilever starts to incline to the
sample because adhesive or gravity force affects the tip.
The shape of the section E-F is influenced by presence
of absorbing layers on the sample surface. In the case of
the work in vacuum, Van der Waals and electrostatic
forces affect the tip of the needle. If we work at the air
conditions, quite strong capillary force of moisture on
surface layer, grease and impurities are added to these
forces. Thickness of the surface layer influences the
length of the section E-F and its inclination, which is
different to inclination caused by hardness of the
sample, and points to moving up absorbing layers
together with the moving-off probe. When the elastic
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response of the cantilever outruns gravity forces of the
surface side and its layers, the probe separates from the
sample surface. Point F, known as the point of
separation, refers to this action in the curve of
approach/moving off.

Section F-G: When the elastic response of the
cantilever outruns the gravity force of the surface and
its layers, the probe separates from the sample. In the
curve of approach/moving-off there is a point F, known
as the point of separation, referring to this mentioned
above. The size of straining in the point F is equal to the
total maximum adhesive force between the probe and
sample and provides key information on observation of
adhesion. If the moisture layer is covered enough with
grease layer or other impurities, it is the case when we
can observe not only one point of separation (F,
and F,). Position of the points F, and F, depends on
viscosity and thickness of these layers. Transition
between the sections E-F and F-G does not necessarily
have to have steep ascent. In the case that the absorbing
layer has equal viscosity, the probe can move off from
the surface gradually and the transition E-F - F-G will
have round shapes.

Fig. 2 Nomograph of the approach/moving-off curves. The solid lines
are schematic presentation of curves obtained in vacuum.
Dashed lines show variations of curves of approach/moving-
off subjected to elastic features of the sample as well as
presence of surface layers of moisture and impurities

Obr. 2 Krivky priblizenia/oddialenia. Plnou ciarou st schematicky
zobrazené krivky ziskané vo vakuu. Ciarkované ¢iary ukazuju
variacie kriviek priblizenia/oddialenia podmienené pruznymi
vlastnostami vzorky a pritomnostou povrchovych vrstiev
vlhkosti a §muh (neCistot)

Experiment

In presented measurements by using of spectroscopic
curve, the homogeneity and ratio of Young’s modulus
were evaluated for HDPE samples. The HDPE samples
were prepared in a standard way as well as they were
modified by adding of silver and gold pigment. For
each sample, the curve by using of five different places
— points was created. In Fig. 3-5, the surface
topography of investigated samples is presented.
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Fig. 3 Topography of microsurface of sample - standard HDPE
Obr. 3 Topografia mikropovrchu vzorky - Standardny HDPE

Fig. 4 Topography of microsurface of sample - HDPE with silver
pigment

Obr. 4 Topografia mikropovrchu vzorky - HDPE so striebornym
pigmentom

Fig. 5 Topography of microsurface of sample - HDPE with gold
pigment

Obr. 5 Topografia mikropovrchu vzorky - HDPE so zlatym
pigmentom

We employed the general approximation and Sneddon's
formula for analysis of data and calculation of Young’s
modulus of complete rake curve. The Sneddon’s model
gives the relationship between load gradient, dP/dA, and
Young’s modulus, E, in the form [3, 4]:

Vi
dp_ 247 (M)
dh
where E= {[(1 V2 )/ Em]+ [(1 —v; )]/ EJ" 2

is the compound elastic modulus, (E,, E., V., V.
Young’s modulus and Poisson’s ratio of a material and
a cantilever, respectively), P is normal load, 4 is
contact area, 4 is the indentation depth.
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The following formula / represents the modulus of two
different samples

1/2 1/2
L ZATEJ =E, = ﬁ%
dh, r« dh, 24 ’ 3)
1/2 1/2

ﬁZZATEszz:@LW' (4)
dh, =& dh, 24
The relation of modulus of elasticity:

an 2" ar
E, _dh 24" 35_ dh,
E, dp, z'" E, dP,

1/2
dh, 24 dh, . 5)
The linear equation is:
_dp
y= kx+q’ dh (6)
P,
L = k] ﬁ = k2
th and dhz , (7)
_E_k
E, &k, ' )

The equations of line were obtained from spectroscopic
curves by approximation and resulting values are
presented in the tab. 1.

Tab. 1 The values of k; and k, obtained by approximation of
spectroscopic curves by assignation of line
Tab. 1 Hodnoty k; ak; z aproximacie spektroskopickych kriviek

na priamku
Ky K2 ki3 K4 Ki.s Kk
-1.7111 | -1.7322 | -1.7023 | -1.6998 | -1.7325 | -1.7156
Kjy.1 Kz, Ky.3 Ky4 Ky.5 k,
-2.0599 | -2.0545 | -2.0452 | -2.0612 | -2.0501 | - 2.0542
K34 ki Ki3 K34 Ks.s ks
-1.4110 | -1.4102 | -1.4088 | -1.4063 | -1.4123 | - 1.4097
By using of average values
k;=—-1.7156 standard HDPE
ky=-2.0542 HDPE with silver pigment
k; =—1.4097 HDPE with gold pigment
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They are presented for the comparing of sample moduli

B, =Rk )
k,

E, = 5E 9)
kl

where

E; — Young’s modulus — standard HDPE

E;, - Young’s modulus — HDPE with silver pigment
E; — Young’s modulus — HDPE with gold pigment

o, kb 220592 g = 1197E,
kK —17156 | ————
o, = RE D197 g - 0822E,
ko —i71s6 0 ———
Conclusions

From spectroscopy curves and following calculations, it
can be concluded that Young’s modulus of the HDPE
sample with silver is the 1.197 times higher than
Young’s modulus of standard HDPE and the HDPE
sample with gold is 0.822 times lower in comparison to
standard. We can allege that the HDPE with silver
pigment has the reinforcing effect. From these surface
topography and spectroscopic curve inclination, it is
possible to say that all used samples are homogeneous.
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Analysis of the Temperature Dependence of Thermophysical Parameters
of Hardened Polyurethane

Analyza teplotnej zavislosti termofyzikalnych parametrov tvrdeného
polyuretanu
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The work is focused on the analysis of the temperature dependence of thermophysical parameters of hardened
polyurethane. Temperature dependence of thermal conductivity, thermal diffusivity and specific heat of hardened
polyurethane was analysed in the range from -25 °C to +75 °C. Identified regression models of experimental data
have shown that the temperature dependence of thermal conductivity can be analytically described with cubic
polynoma while the temperature dependence of specific heat can be described with bilinear model and the
temperature dependence of the thermal diffusivity is based on two third degree polynomials. Functional dependency
of thermal conductivity and diffusivity on temperature shows inflection point corresponding to the temperature of
secondary transitions identified by dynamic mechanical analysis. Temperature dependence of specific heat indicates
a secondary relaxation transition at the sharp change in slope of the bilinear regression line confirmed by dynamic
mechanical analysis.

Keywords: polymers, thermophysical parameters, pulse transient method, secondary transitions

Stidium termofyzikalnych parametrov polymérov pri réznych teplotich zohrdava déleziti tilohu pri chapani
prakticky vsetkych procesov, ktoré su sprevadzané teplotransportnymi javmi prebiehajicimi v tychto materialoch.
V prezentovanej prdci sa venujeme vySetrovaniu teplotnej zavislosti teplotnej a tepelnej vodivosti, ako aj
hmotnostnej tepelnej kapacity tvrdeného polyuretanu v teplotnom intervale od -25 °C do +75 °C. Prave polyuretany
totiz poskytuju Siroku bdzu pre vyvoj velkého poctu konstrukcnych materialov s vlastnostami cielene
modifikovanymi pre potreby Sirokého okruhu roznych aplikacii. Bez poznania ich termofyzikalnych parametrov by
takdato cielend modifikicia nebola moznd. Studovany tvrdeny polyuretin bol vyrobeny reakciou polyolu
s obchodnym oznacenim PX 522/HT POLYOL a diizokyndtu s obchodnym oznacenim PX 521-522 HT ISO
ISOCYANATE. Funkcné zavislosti teplotnej vodivosti, tepelnej vodivosti, ako aj hmotnostnej tepelnej kapacity pri
stalom tlaku boli ziskané pulznou prechodovou metédou. Identifikované regresné modely experimentdlnych dat
ukazali, ze teplotnu zavislost teplotnej vodivosti je mozné dobre analyticky popisat’ kubickym plynomom, teplotnu
zavislost hmotnostnej tepelnej kapacity dvojlinearnym modelom a teplotnu zavislost tepelnej vodivosti dvoma
polynomami tretieho stupia, co koresponduje s vysledkami uvdadzanymi vo svetovej odbornej literature. Nas vyskum
navysSe preukdzal, ze funkcné zavislosti teplotnej, ako aj tepelnej vodivosti od teploty vykazuju inflexny bod, ktory
koresponduje s teplotou sekundarneho relaxacného prechodu identifikovaného v skumanom polymérnom materiali
dynamickou mechanickou analyzou. Teplotna zavislost hmotnostnej tepelnej kapacity indikuje sekundarny relaxacny
prechod pri teplote prudkej zmeny sklonu dvojlinedrnej regresnej krivky, co potvrdzuje aj dynamicka mechanicka
analyza viskoelastickych vilastnosti skumaného polyuretanu.

Kruacové slova: polyméry, termofyzikdlne parametre, pulzna prechodova metoda, sekundarne relaxacie

Thermophysical parameters of materials belong to the characteristics. Basic thermophysical parameters are
phenomenological characteristics that quantitatively  also necessary for verification of microstructural
describe their thermal properties. They are part of all models of new materials as well as targeted
processes involving transport of heat transfer = modification of existing materials. The pulse transient
phenomenon. Therefore, they play a crucial role in the =~ method is one of the most effective methods for
production and study of contemporary materials, in  investigation of physical parameters of solids (the
their desired modification as well as in research and  polymers, in our case). We applied this method in our
development of new advanced materials. There is not  study of the temperature dependence of thermophysical
practical application which could exist without the  parameters of hardened polyurethane in a relatively
knowledge of the thermal properties of the materials, = wide temperature range from -25 °C to 75 °C. This
determined just by their physical parameters. They also dynamic method allows determining three basic
belong among the basic criteria for determining the  thermophysical parameters of solids, namely thermal
level of material degradation and loss of their original
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diffusivity, thermal conductivity and specific heat at
constant pressure from a single measurement.

Experiment

Functional dependence of thermal conductivity, thermal
diffusivity and specific heat at constant pressure were
acquired by transient pulse method [1] implemented in
an experimental apparatus Thermophysical Transient
Tester 1.02 which is closely described in [2]. Pulse
transient method is described in our former paper [3].
Polyurethane was prepared in reaction of polyol, trade
name PX 522/HT POLYOL, and diisocyanate, trade
name PX 521-522 HT ISO ISOCYANATE.

Results and discussion

Experimental functional dependence of thermal
diffusivity on temperature and the regression model are
shown in Fig. 1. It can be seen that the thermal
diffusivity a with increasing temperature decreases
rapidly while the change in the observed temperature
range from -25 °C to 75 °C represents 26.1 percent
decrease. There is also linear regression line in addition
to experimental values of thermal conductivity. The
relative proximity of the appropriateness of the
statistical parameters of the applied linear model R2 =
0.993 and Adj-R2 = 0.9922 to the unit and parameters
SSE = 1.713¢10-5 and RMSE = 13.79+10-4 to zero
indicates that the functional dependence of a (T) has a
linear tendency.

Fig. 1 Temperature dependence of the thermal conductivity for
hardened polyurethane and its linear regression model

Obr. 1 Teplotna zavislost’ teplotnej vodivosti tvrdeného polyuretanu
a jej linearny regresny model

The appropriateness of the applied linear regression
model, however, is disputed by the analysis of residues
that exhibit relatively strong functional relationship.
This fact can be quite sufficiently described with the
third degree polynomial (Fig. 2) and it is evident from
the values of the statistical parameters R* = 0.8152,
Adj-R* = 0.7359, SSE = 3.165°10° and RMSE
6.725+10™*. The temperature dependence of the thermal
conductivity was analysed by polynomial regression
curve of the third degree (Fig. 3) which provides much
better description as evidenced by the values of the
statistical parameters R* = 0.9987, Adj-R* = 0.9982,
SSE =3.166+10° and RMSE = 6.725+10™.
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Fig. 2 Functional dependence of the linear regression residues of
temperature dependence of thermal conductivity for hardened
polyurethane

Obr.2 Funkéna zavislost' rezidui linedrnej regresie teplotnej zavislosti
teplotnej vodivosti tvrdeného polyuretanu

Fig. 3 Regression model of the temperature dependence of thermal
conductivity for hardened polyurethane in third degree
polynomial form

Obr. 3 Regresny model teplotnej zavislosti teplotnej vodivosti
tvrdeného polyuretanu v tvare polyndmu treticho stupia

Fig. 4 Regression model residues of temperature dependence of
thermal conductivity for hardened polyurethane in third degree
polynomial form

Obr. 4 Rezidua regresného modelu teplotnej zavislosti teplotnej
vodivosti tvrdeného polyuretanu v tvare polynomu
treticho stupna

Model residues shown in Fig. 4 are distributed
randomly with no apparent functional dependence and
they are substantially lower than linear regression
residues. Lilliefors normality test of distribution of
residues with p-value 0.3462, calculated by Monte
Carlo method, and statistics /test = 0.1842 which is less
than the critical value of the test cv = 0.2526 on a
significance level f = 0.05 does not reject the null
hypothesis H, that the regression residues in the third
degree polynomial form have required normal
distribution and therefore accept the alternative
hypothesis H1 that they do not have a normal
distribution [4]. Based on the analysis above, we can
say that the third degree polynomial is much better
regression model of temperature dependence of thermal
conductivity for studied hardened polyurethane as a
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linear model. There is an inflection point presented on
a(T) dependency at 20.98 °C. This corresponds with the
temperature of the secondary transitions confirmed by
dynamic mechanical analysis of studied polymeric
material.

The temperature dependence of specific heat as well as
the linear regression model can be seen in Fig. 5.
Values of statistic parameters R* = 0.9845, Adj-R’ =
0.9982, SSE = 3297 and RMSE = 19.14 show that the
linear regression model is not suitable for the analytical
description of the experimental data curve which
increase by 26.55 percent in the temperature range from
-25°Cto 75 °C.

Fig. 5 Linear regression model of temperature dependence of specific
heat for hardened polyurethane

Obr. 5 Linearny regresny model teplotnej zavislosti hmotnostne;j
tepelnej kapacity tvrdeného polyuretanu

Histogram of linear regression model

Frequency

-30 -20 -10 0 10 20 30 40
Trendline borders

Fig. 6 Histogram of linear regression model residues of temperature
dependence of specific heat for hardened polyurethane

Obr. 6 Histogram rezidui linearneho regresného modelu teplotnej
zavislosti hmotnostnej tepelnej kapacity tvrdeného polyuretanu

Histogram of linear regression model residues shown
in Fig. 6 has two peaks and it leads to assumptions
that residues (Fig. 7) originate from two different
distributions. Therefore, the temperature dependence
of specific heat for studied material was analysed by
two linear regression lines. Bilinear regression model
of experimental data is shown in Fig. 8. Statistical
parameters R> = 0.9915, Adj-R’ = 0.9887, SSE = 75.35
and RMSE = 5.012 for left part of regression curve and
R*=0.9984, Adj-R* = 0.998, SSE = 120.4 and RMSE =
4.906 for its right part give sufficient evidence about
its suitability for the analytical description of the
measured data.
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Fig. 7 Linear regression residues of temperature dependence of
specific heat for hardened polyurethane

Obr. 7 Rezidua linearne;j regresie teplotnej zavislosti hmotnostne;j
tepelnej kapacity tvrdeného polyuretanu

Fig. 8 Bilinear regression model of temperature dependence of the
specific heat for hardened polyurethane

Obr. 8 Dvojlinearny regresny model teplotnej zavislosti hmotnostnej
tepelnej kapacity tvrdeného polyuretanu

Bilinear regression residues of the experimental data
presented in Fig. 9 do not show a functional dependency
and they are distributed randomly. Their Lilliefors
normality test with parameters p-value = 0.3112, ltest =
0.1738 and cv = 0.2231 for left part of the curve and p-
value = 0.3448, ltest = 0.1822 and cv = 0.2537 for its right
part demonstrated that on a chosen significance level § =
0.05 residues can be considered as random variables with
normal distribution. Bilinear regression model with
residues parameters R* = 0.9944, Adj-R’ = 0.9896, SSE =
1.35 and RMSE = 0.12 for left part of the regression curve
and R* = 0.9987, Adj-R’=0.9977, SSE = 0.4 and RMSE =
0.906 for the right part is suitable for the analytic
description of the temperature dependence of specific heat
for studied hardened polyurethane and it is better
regression model than a simple linear model. Bilinear
nature of the regression line indicates the existence of
a secondary relaxation transition in the vicinity of the
temperature 15 °C as it was confirmed by dynamic
mechanical analysis for the material. It is clear from the
gradient of the regression line that the first part has a
lower level of slope while the second part exhibit that the
temperature about 15°C has asteeper character.
Analytically, this finding is expressed by the first
coefficients in the equations pertaining to individual parts
of the temperature dependence of ¢, (T) which are shown
in the graph in Fig. 8. In the first part of functional
dependence, there is an increase in the value of specific
heat 2.9636 J.kg" K" with an increase in temperature by
1 °C while in the second part this value with an increase
in temperature by 1 °C is 5.1112 Jkg'K'' - significantly
higher in comparison to the first part.
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Fig. 9 Bilinear regression model residues of temperature dependence
of specific heat for hardened polyurethane

Obr. 9 Rezidua dvojlinearneho regresného modelu teplotnej zavislosti
hmotnostnej tepelnej kapcity tvrdeného polyuretanu

Fig. 10 Regression model of temperature dependence of thermal
conductivity for hardened polyurethane

Fig. 10 Regresny model teplotnej zavislosti tepelnej vodivosti
tvrdeného polyuretanu

Fig. 11 Regression model residues of temperature dependence
of thermal conductivity for hardened polyurethane

Fig. 11 Rezidua regresného modelu teplotnej zavislosti tepelnej
vodivosti tvrdeného polyuretanu

The temperature dependence of thermal conductivity
and a linear regression model is shown in Fig. 10. Since
the thermal conductivity is calculated as the product of
thermal diffusivity, specific heat and density of the
material, experimental dependence of A (7) was
analysed by two third degree plynomials. It is assumed
that in the observed temperature range, the density is
a linear decreasing function of temperature.

Double cubic regression residues of the experimental
data shown in Fig. 11 do not show a functional
relationship and they are distributed randomly. Their
Lilliefors normality test with parameters p-value
0.3337, ltest = 0.1744 and cv = 0.2526 for left part of
the regression curve and p-value = 0.3554, ltest =
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0.1842 and c¢v = 0.2526 for the right part on the
significance level f = 0.05 residues can be considered
as random variables with normal distribution. Listed
regression model with residues parameters R* = 0.9911,
Adj-R’ = 0.9844, SSE = 0.35 and RMSE = 1.012 for left
part of the regression curve and R* = 0.9984, Adj-R’ =
0.998, SSE = 0.48 and RMSE = 4.918 for the right part
is suitable for the analytical description of temperature
dependence of thermal conductivity for hardened
polyurethane. Inflection point at about 15 °C indicates
the secondary transitions confirmed by dynamic
mechanical analysis.

Conclusions

The paper presents the results of study of the
temperature dependence of thermal diffusivity, thermal
conductivity and specific heat for hardened
polyurethane in a temperature range from -25 ° C to 75
° C. It has been shown that the temperature dependence
of the thermal diffusivity with temperature decreases
according to a cubic model, specific heat increases on
the basis of bilinear regression model and the thermal
conductivity with increasing temperature varies in
accordance with the double cubic model. Functional
dependence of thermal diffusivity and thermal
conductivity on temperature exhibits inflection point
corresponding to the temperature of the secondary
relaxation transition identified in the examined
materials by dynamic mechanical analysis. The
temperature dependence of specific heat shows a
secondary relaxation transition at the sharp change in
slope of the bilinear regression line and it was also
confirmed by dynamic mechanical analysis.
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Electrical Properties of Hardened Polyurethane Filled by Single Walled
Carbon Nanotubes with Different Purity

Elektrické vlastnosti tvrdeného polyuretinu plneného jednostennymi
uhlikovymi nanorirkami s réznou Cistotou

Ing. Karol Kovat', doc. Mgr. Ivan Kopal, PhD.'

'Alexander Dubéek University of Trenéin, Faculty of Industrial Technologies in Puchov, 1. Krasku 491/30, 020 01
Puchov, Slovak Republic

In this paper we present our study about electrical properties of hardened polyurethane filled by single walled
carbon nanotubes. The object of our research is closely connected with nanocomposites synthesized from hardened
polyurethane and single walled carbon nanotubes with different amount of nanotubes and different purity of
nanotubes. The electrical dc conductivity was measured by using device Novocontrol Concept 90 and Keithel
6517B. The electrical ac conductivity was measured by using the device Hioki 3522-50. The temperature
dependencies were both measured in the temperature range from 25 °C up to 100 °C. Electrical dc conductivity of
polyurethane had an increasing character in dependency on temperature. The results have shown that higher
amounts of nanotubes increase electrical conductivity. Nanotubes with purity 90 % increase electrical conductivity
more than nanotubes with purity 60 %.

Keywords: electrical dc and ac conductivity, single walled carbon nanotubes, hardened polyurethane

Tento clanok je zamerany na Studium elektrickych viastnosti tvrdeného polyuretinu plného jednostennymi
uhlikovymi nanorurkami s roznou cistotou. Praca sa zameriava na vplyv urcitého mnozstva plniva vo forme
nanorurok na perkolacny jav ¢i uz striedavej elektrickej vodivosti alebo jednosmernej elektrickej vodivosti. Skumany
nanokompozit bol vyrobeny v Ziline zmiesanim dvoch chemicky rozdielnych zloziek: polyolu a izokyandtu
a uhlikovych nanorurok s cistotou 60 % a 90 %. Nasledne bol vytvrdeny pouzitim vysokého tlaku, aby dosiahol
tlakovy modul pruznosti a koeficient stlacitelnosti v rozsahu 20 - 60 MPa. Jednosmernu elektricku vodivost sme
zistovali meranim velkosti pretekajuceho elektrického prudu pri stilom napdti 10 V pomocou zariadenia
Novocontrol Concept 90. Meranie velkosti priidu bolo uskutocnené pomocou pristroja Keithley 6517B. Na meranie
striedavej elektrickej vodivosti bol pouZity pristroj Hioki 3522-20. Pre pouzité metddy merania jednosmernej
a striedavej elektrickej vodivosti uvadzame v prdci schémy zapojenia. Pri merani obidvoch elektrickych vodivosti sa
urobila teplotna zavislost tychto elektrickych parametrov v rozsahu teplot od 25 °C do 100 °C, pricom hodnoty sme
zaznamenavali s krokom 1 °C. Ziskané vysledky ukazali, Ze perkolacny jav pri obidvoch zistovanych elektrickych
vodivostiach sposobuje pridanie Cistych uhlikovych nanorurok uz pri 0,5 hm. %. K takmer rovnakému zvyseniu
obidvoch elektrickych vodivosti dochadza pri pridany 1,5 hm % nanorurok s Cistotou len 60 %, co je vyborné
zistenie z hladiska ceny pouzitého nanoplniva. Najvyssi narast jednosmernej elektrickej vodivosti pri 25 °C bol
namerany pri nanokompozite s obsahom 1,5 hm. % cistych nanorurok. V porovnani s cistym tvrdenym polyuretanom
sa jednosmerny elektrickd vodivost zvysila 7,7.10" krat. Pri rovnakom nanokompozite sa v porovnani s tvrdenym
polyuretinom zvysila striedava elektrickd vodivost' 1,03.10° krdt.

Kracové slova: elektricka jednosmerna a striedava vodivost, jednostenné uhlikové nanorurky, tvrdeny polyuretin

Polyurethanes consist of two chemically different
compounds and therefore, it gives us many possibilities
for mixing polyurethane. According to the mentioned
fact, we can get polyurethanes with a wide range of
desired properties. Polyurethanes are synthesized from
diisocyanates and polyalcohols and belong to the
chemical group of polyester-amides. This is the reason,
why polyurethanes are more used as matrix in
nanocomposites. Carbon nanotubes used in these
nanocomposites are usually multi-walled or single-
walled but single-walled nanotubes are the more
expensive [1]. Electrical properties, such as electrical
conductivities of ac or dc are the most important

characterizations of material. Nowadays, we make new
materials which should be used as biomaterials or
semiconductors obtained from polymers. Information
about the influence of carbon nanotubes on percolation
behavior is one of the most important. In the work [2]
researchers examined influence of multi-walled carbon
nanotubes on percolation behavior in different types of
hard segments in relation to the polyurethane. They
identified percolation threshold in the material at amount
of nanotubes under 1 percentage. The similar research
work [3] concludes the percolation threshold at amount of
multi-walled carbon nanotubes under 1 percentage while
these nanotubes were fillers in polyurethane matrix.
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Material

In this investigation work, we study the hardened
polyurethane filled by single walled carbon nanotubes.
This material was prepared in Zilina. Polyurethane was
synthesized from PX 522/HT POLYOL and PX 521-
522 HT 1ISO ISOCYANATE. Our investigated
polyurethane carbon nanocomposites were prepared in
two stages. The single walled carbon nanotubes with
purity 90 % and 60 % were stirred in the reaction
component PX 522/HT POLYOL for approximately
two minutes by the ultrasound mixer WELDER. These
nanotubes are commonly produced by the company
Nanocyl™ and they were filled to the matrix in three
different amounts: 0.5 wt. %, 1.0 wt. % and 1.5 wt. %.
The mixing was implemented in a vacuum chamber to
degas the polymerization mixture in the next ten
minutes. After adding the isocyanate with its trade name
PX 521-522 HT ISO ISOCYNATE, the mixture was
stirred by ultrasound technique for two minutes.
Subsequently, the curing process was carried out for 4
hours at 80 °C and 16 hours at 100 °C. Each sample was
pressed by the displacement speed of 2 mm/min to a
force value of 100 kN. The pressure modulus and the
coefficient of compressibility were in the range of
tension from 20 to 60 MPa [4].

Measurement of electrical conductivity

The direct method is used to measure the thermal
dependence of dc conductivity. In Fig. 1 we have shown
the connection scheme according to the direct method.

Fig. 1 The connection scheme for measurement of temperature
dependency of dc electrical conductivity according to the direct
method (1-source of dc voltage, 2-sample, 3-thermocouple,
4-voltmeter, 5-milivoltmeter, 6-ampermeter,
7-autotransformer, 8-heating windings) [4]

Obr. 1 Schéma zapojenia podl'a priamej metody pre meranie teplotnej
zavislosti jednosmerne;j elektrickej vodivosti vo vakuu (1-zdroj
jednosmerného napétia, 2-vzorka, 3-termoclanok, 4-voltmeter,
S-milivoltmeter, 6-ampérmeter, 7-autotransformator, 8-vinutie
ohrevu) [4]

Usage of the direct method limits the accuracy of the
mA meter. For the sample resistance R, the relationship
hereinafter is valid:

R, =— (M

where U, is the voltage at the source of dc voltage and /
is the electric current through the sample.

In Fig. 2, there is the connection scheme for
measurement of ac electric conductivity.

Fig. 2 The connection scheme for measurement of temperature
dependency of ac electrical conductivity according to the direct
method (1-source of ac voltage, 2-sample, 3-thermocouple,
4-voltmeter, S-milivoltmeter, 6-ampermeter, 7-autotransformer,
8-heating windings) [4]

Obr. 2 Schéma zapojenia pre meranie teplotnej zavislosti striedavej
elektrickej vodivosti vo vakuu (1-vzorka, 2-termoclanok,
3-milivoltmeter, 4-RLC mostik, 5-autotransformator, 6-vinutie
ohrevu, 7-ampérmeter) [4]

The measurements of electrical conductivity were made
in MTF STU in Trnava. The thin discs with thickness
about 1.2 mm and with diameter 30 mm were prepared
from the basic material by cutting. The disc samples
were coated with a conductive graphite layer DAG 580
on contact surfaces.

After evaporation of the isoamyl alcohol, samples were
subjected to measurement. For determination of the dc
conductivity, electric current was measured at a constant
voltage of 10 V using Novocontrol Concept 90, in the
temperature range from 25 °C up to 100 °C. The current
was determined by Picoammeter Keithley 6517B. The
temperature was measured using a Pt 100 temperature
sensor with an accuracy of +1 °C. For ac measurements
(from 25 °C up to 100 °C), LCR Hi-tester Hioki 3522-
50 was used.

Results and discussion

In the Fig. 3, there is the temperature dependency of dc
conductivity for pure polyurethane, nanocomposites
with 90 % purity of nanotubes and nanocomposites with
60 % purity of nanotubes. Temperature dependency of
dc conductivity has significantly increasing character
for hardened polyurethane and nanocomposite with
0.5 wt. % of nanotubes of 60 % purity. At this amount,
there is not occurrence of extreme changes in relation to
values of electrical dc conductivity. Influence of the
amount of nanotubes is significant for nanocomposites
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with nanotubes of 60 % purity but these nanocomposites
do not exhibit achievement of high values for electrical
conductivity in comparison to the nanocomposites with
nanotubes of 90 % purity. The nanotubes with purity
90 % at amount 1.5 wt. % increase electrical dc
conductivity by 7.7-10"" times in comparison to the pure
hardened polyurethane at temperature 25 °C. Nanotubes
with purity 90 % cause percolation even at amount 0.5
wt. %. Nanotubes with purity 60 % cause percolation at
amount 1.5 wt. % but these nanotubes are cheaper.
Temperature dependencies of electrical dc conductivity
for nanocomposites with 90 % purity of nanotubes do
not have any significant increasing character.
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Fig. 3 Temperature dependency of dc conductivity for hardened
polyurethane, nanocomposites with 90 % purity of nanotubes
and nanocomposites with 60 % purity of nanotubes

Obr. 3 Teplotna zavislost’ jednosmernej vodivosti pre tvrdeny
polyuretan, nanokompozity s 90 % Cistotou nanortrok
a nanokompozity s 60 % ¢istotou nanorurok
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Fig. 4 Temperature dependency of ac conductivity for hardened
polyurethane, nanocomposites with 90 % purity of nanotubes
and nanocomposites with 60 % purity of nanotubes

Obr. 4 Teplotna zavislost’ striedavej vodivosti pre tvrdeny polyuretan,
nanokompozity s 90 % Cistotou nanortirok a nanokompozity
s 60 % cistotou nanorurok

In Fig. 4, we present the temperature dependency of the
ac  conductivity  for  hardened polyurethane,
nanocomposites with 90 % purity of nanotubes and
nanocomposites with 60 % purity of nanotubes. The
electrical ac conductivity was measured at frequency
1 kHz. The temperature dependencies are very similar
to the previous described dependences. The
nanocomposite with amount 0.5 wt. % with 60 % purity
of nanotubes has approximately the same values of
electrical ac conductivity as hardened polyurethane.
Increasing of electrical ac conductivity is very
significant in dependency on amount of nanotubes with
purity 60 %. Amount 1.5 wt. % of nanotubes with purity
90 % increases electrical ac conductivity approximately
10° times in comparison to the pure hardened
polyurethane. Percolation of electrical ac conductivity
occurs in the case of all nanocomposites with 90 %
purity of nanotubes.

Conclusions

The paper presents the results of our study focused on
the temperature dependency of electrical ac and dc
conductivity of nanocomposites with polyurethane
matrix filled by single walled carbon nanotubes with
different amount and purity of nanotubes in
a temperature range from 25 °C to 100 °C. Addition of
single walled carbon nanotubes with 90 % purity causes
percolation of electrical dc and ac conductivity even at
amount 0.5 wt. %. The addition of 1.5 wt. % of carbon
nanotubes with 60 % purity causes also the percolation
of electrical ac and dc conductivity. On the other side,
nanotubes with 1.5 wt. % and with 90 % purity increase
the electrical dc conductivity by 7.7-10'"" times and
electrical ac conductivity by 1.03-10° times in
comparison to pure hardened polyurethane at
temperature 25 °C.
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Verification of the Colloidal Silica Influence in Rubber Compounds

Overenie vplyvu koloidnej siliky v kau¢ukovych zmesiach

Ing. Slavomira Domé&ekova', prof. Ing. Darina Ondrufova, PhD.', Ing. Lenka Spanikova', Ing. Zuzana
Jankurova, PhD.'
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The main aim of the given paper is to verify the colloidal silica influence by using of dynamic-mechanical thermal
analysis. In relation to the dynamic-mechanical thermal analysis (DMTA), the mechanical response of a viscoelastic
material is studied as a function of temperature and time, while it is subjected to sinusoidal strain. This technique
applies a very small sinusoidally varying strain to test the sample at a constant frequency whilst the temperature is
increased at a constant rate. The stress is measured and three different modules are calculated: storage modulus E’,
loss modulus E’’, complex modulus E* and loss factor (tan 6). DMTA measurements were done for identification of
the resistance against the traction on the snow, the traction on the ice and on the water. The given work is also
focused on the identification of the rolling resistance. The work is devoted to mechanical and dynamic
characteristics of elastomer compounds which are filled with various types of precipitated silica, colloidal silica,
and their combinations with carbon black.

Keywords: colloidal silica, precipitated silica, carbon black, dynamic-mechanical thermal analysis,

Prezentovana praca je zamerand na skumanie a preverenie vplyvu koloidnej siliky v kaucukovych zmesiach.
Skumanie bolo zamerané na dynamicko - mechanické vlastnosti zmesi. V praxi nie je vdcsina materialov namahana
len staticky, ale aj vplyvom roznych vibracii a razov, pricom dochddza k opakovanym deformdciam. Z toho dévodu
Jje dobreé vzorku vystavovat’ dynamickym skuskam. Pri dynamickom namdhani je potrebna mensia hodnota napdtia
ako je napdtie pri statickom namahani. Tato hodnota je nastavena tak, aby nedoslo k poruSeniu alebo k zmendam
Struktury vzorky. Dynamicko-mechanicka analyza DMA, sa zaraduje medzi najcitlivejsie techniky, ktord je schopna
interpretovat’ a charakterizovat’ mechanické chovanie materialu. Principom DMA je pozorovanie viskoelastickej
ododzvy materidlu, ktory je vystaveny malému oscilacnému napdtiu. Dynamicko-mechanicka termickd analyza
DMTA prebieha podobne ako dynamicka mechanickd analyza DMA, viastnosti materialu sa vSak meraju ako
funkcia teploty. DMTA merania sa robili za ucelom zistenia odolnosti zmesi voci trakcii na snehu, lade a za mokra,
ako aj za ucelom zistenia valiveho odporu. Rozdiel v zlozeni pripravenych a skimanych zmesi spocival v pouzitom
type a mnozstve siliky: Ultrasil, Aktisil, Koloidna silika, ktora bola varena 0 hodin, 3 hodiny a 5 hodin. Oznacenie
pre tieto zmesi bolo SU, SA, SOh, S3h, S5h. Zmesi ktoré boli v kombinacii silika - sadze, mali oznacenie SSU, SSA4,
SSOh, SS3h, SS5h. Obsah sliky tvoril 40 dsk v piatich zamiesanych zmesiach a d'alsich pdt zmes bolo pripravenych
s obsahom 20 dsk siliky a 20 dsk sadzi. Zmesi sa pripravovali dvojstupitovym miesanim v laboratornom hnetacom
stroji Plastograph - Brabender s obsahom komory 70 ml. Nadsledne zmesi z prvého stupiia boli homogenizované na
dvojvalci a zrelaxované 24 hodin. Po relaxdcii zmsei sa v druhom stupni pridaval vulkanizacny systéem. Takto
pripravené zmesi sme podrobili dynamicko - mechanickej termickej analyze DMTA. Zo zisklanych vysledkov mozno
konstatovat, ze typy pouzitej koloidnej siliky ako plniva nedosahuju vuplne porovnatelné vysledky ako zrazana silika,
ale dalsou upravou siliky by bolo mozné dosiahnut vysledky, ktoré by boli schopné konkurovat zrazanej silike.

Kruacové slova: koloidna silika, zrdzana siliky, zmesi, dynamicko - mechanicka termickad analyza

Dynamic-Mechanical Thermal Analysis (DMTA) of the substance (the deformation is always kept within
allows to estimate the transformations occurring in the the linear viscoelastic range) [3, 4]. The
polymer during its loading in the broad range of Thermomechanical Analyzer (TMA) is an analytical
temperature and frequency of load changes (load instrument used to test the physical properties of many
time) [1]. Dynamic-Mechanical Thermal Analysis different materials. The instrument is capable of heating
(DMTA) is one of the most powerful methods used to  or cooling samples while applying a predetermined
investigate the viscoelastic properties of polymeric  force on the material. The TMA instrument consists of
materials [2]. In relation to the dynamic-mechanical the following components (Fig. 1) [5]:

thermal analysis (DMTA) in torsion, the physical and

thermo-dynamical properties of a sample are measured - The balance enclosure surrounds the TMA balance
as a function of the temperature. The deformation load  mechanism, which exerts a specified force on the
is kept low to avoid destroying or changing the structure  sample
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The probe assembly is interchangeable for making
several different measurements on various sample
materials.

The stage is an interchangeable component that
supports the sample during measurement.

The furnace assembly surrounds the stage to heat the
sample; it contains the integral cooling container and
the furnace monitor thermocouple.

The weight tray, located behind the weight tray
door, holds the weights to exert an additional known
force on the sample [5].

The samples are analyzed using the TMA varying
widely. The DMTA mode of TMA is able to give
information on Storage Modulus, Loss Modulus, and
Tan Delta data by the application of a sinusoidal force
profile [5].

Fig. 1 The TMA instrument
Obr. 1 TMA pristroj

Experiment

The ten model rubber compounds were prepared for the
testing procedures. These compounds were prepared by
mixing in Brabender, the mixer with chamber volume of
70 em’ and it was mixed according to standard of STN
62 1425 [6]. In the first mixing step, we added natural
rubber, activator ZnO, filler and plasticizer.
The compounds were filled with various types of
precipitated silica and colloidal silica as well as these
individual types of silica were combined with carbon
black (tab. 1). The temperature of 100°C and 50
revolutions per minute represent the condition relating
to the first mixing step. The sample SA and SSA were
mixing at temperature of 125 °C. In the second mixing
step, we added curing agent (sulfur) and accelerator to
the compound. The temperature of 90 °C and 50
revolutions per minute represent the condition relating
to the second mixing step. After mixing process, rubber
compounds were left for 24 hours. Prepared rubber
compounds were investigated by wusing The
Thermomechanical analyzer (TMA Q400). The main
aim was to verify the colloidals silica influence by using
dynamic-mechanical thermal analysis. This technique
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applies a very small sinusoidally varying strain to the
tested sample at a constant frequency whilst the
temperature is increased at a constant rate. The stress
was measured and three different modules were
calculated: storage modulus E’, loss modulus E”,
complex modulus E* and loss factor (tan ) [2]. DMTA
measurements were done for identification of the
resistance against the traction on the snow as well as the
traction on the ice and on the water. Furthermore, the
rolling resistance was investigated too.

Tab. 1 Labelling for compounds with various types of fillers
Tab. 1 Oznacenie zmesi plnenych ré6znym druhom plniv

Sample Filler used
SA Silica Aktisil
SuU Silica Ultrasil
SOh Colloidal silica stabilized 0 h
S3h Colloidal silica stabilized 3 h
S5h Colloidal silica stabilized 5 h
SSA Silica Aktisil and carbon black combination
SSU Silica Ultrasil and carbon black combination
Colloidal silica stabilized 0 h and carbon black
SSOh .
combination
Colloidal silica stabilized 3 h and carbon black
SS3h .
combination
Colloidal silica stabilized 5 h and carbon black
SS5h .
combination

Results and discussion

The measurements were performed by help of the
instrument TMA Q400 and thin film/fiber probe was
used for determination of the sample shape with
dimensions of 20x4x0.3 mm.

From the aspect of the determined conditions for
measurements, the force used for loading was 0.01 N,
temperature range was from +20 °C to -70 °C and the
frequency was 0.05 Hz. The following graphs (fig. 2 —
7) and tables (tab. 2, 3) represent the evaluation of
DMTA compounds measurements.

Fig. 2 DMTA measurement of compounds with silica - The
dependence of storage modulus £ on temperature

Obr. 2 DMTA merania zmesi so silikou - zavislost’ Smykového
modulu £” od teploty
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Fig. 3 DMTA measurement of compounds with silica - The
dependence of loss modulus £°” on temperature

Obr. 3 DMTA merania zmesi so silikou - Zavislost’ loss modulu £
od teploty

Fig. 4 DMTA measurement of compounds with silica - The
dependence of tan 0 on temperature
Obr. 4 DMTA merania zmesi so silikou - Zavislost’ tan J od teploty

Tab. 2 Tan ¢ result for compounds with silica
Tab. 2 Vysledky tan J zmesi so silikou

Samples SU SA SOh | S3h | S5h
tan § for -25°C | 0.16 | 0.22 | 0.19 | 0.20 | 0.11
tan 9 for 0°C 0.15 | 0.09 | 0.11 | 0.17 | 0.11
tan § for 60°C | 0.14 | 0.05 | 0.10 | 0.15 | 0.14

Tan J for -25 °C represents the traction on the snow and
the ice. This value has to be high. On the basis of the
measurements, the SA and S3h samples showed the
highest values and it means that the precipitated silica
Aktisil and colloidal silica which were stabilized for
3 hours could be the most suitable for preparation of
compound for the winter tires.

Tan ¢ for 0 °C stands for the traction on the water. In
relation to the behaviour of the tire on the wet road, the
higher value of tan J is necessary for 0 °C. In relation to
this mentioned parameter, the highest value was
achieved in the case of S3h sample, while the SA
sample showed the lowest value of tan J for 0 °C.
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Tan ¢ for 60 °C stands for the rolling resistance of
compound. If the values of rolling resistance of
compound are the lowest at 60 °C, the tire made of such
compound is the most suitable to be used on the dry
road. All of the tested samples exhibited quite low
values but the lowest values were achieved in the case
of the SA sample.

Fig. 5 DMTA measurement of compounds with silica and carbon
black - The dependence of storage modulus £ on temperature

Obr. 5 DMTA merania zmesi v kombinacii siliky a sadzi - Zavislost’
storage modulu £ od teploty

Fig. 6 DMTA measurement of compounds with silica and carbon
black - The dependence of loss moduli £°* on temperature

Obr. 6 DMTA merania zmesi v kombinacii siliky a sadzi - Zavislost’
loss modulu £°” od teploty

Fig. 7 DMTA measurement of compounds with silica and carbon
black - The dependence of tan J on temperature

Obr. 7 DMTA merania zmesi v kombinacii siliky a sadzi - Zavislost’
tan J od teploty
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In relation to the results for the compounds containing  resolution and recommendation is hidden in reduction
the different types of silica and carbon black, values of  of pH of colloid silica extract.

tan 0 for -25 °C were almost the same for all samples.

The highest value of tan J for 0°C was achieved in the Acknowledgements
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silica and carbon black (the given colloidal silica was KEGA No 006 TnUAD - 4/2014 KEGA No. 007

stabilized for 5 hours and then, it was added into T"UAI_) - 42013 and VEGA No. 1/0385/14 for
compound together with carbon black). financial support.

Tab. 3 Tan J results for compounds with silica and carbon black Literature

Tab. 3 Vysledky tan J zmesi so silikou a sadzami
[1] GANTOWSKI, A., PALUTKIEWICZ, P., BOCEAGA, E.

Samples SSU | SSA | SSOh | SS3h | SS5h Numerical analysis of stress state during single point bending in
DMTA examination. Journal of Achievements in Materials and
tan d for -25°C | 0.24 | 025 | 024 | 024 | 0.25 Manufacturing Engineering, 2008, vol. 28 (1), p. 47-50.
tan 6 for 0°C 0.19 | 0.12 | 0.19 | 0.16 | 0.20 [2] SANDLUND, A.B. 4 study of wood adhesion and interaction
using DMTA. Swedwn: Lule& University of Technology. 2004. p.
tan o for 60°C 0.19 0.10 0.20 0.16 0.21 50. ISSN: 1402-1544.
. . [3] Anton Paar Germany GmbH: Measuring the glass temperature
In comparison to the other samples which showed of a polyethylene HDPE sample. [online]. 3 p. [cit. 2014.02.19.].
almost the same values, the lowest value tan ¢ for 60 °C Dostupné na: <http://www.anton-paar.com/us-en/footer/search/
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60 °C characterising the traction on the snow, ice and
the water as well as the rolling resistance were
evaluated. On the basis of the obtained values, it can be
stated that colloid silica does not achieve the same
values in comparison to the precipitated silica in rubber (6]
compounds. From the aspect of the influence of

colloidal silica on properties of rubber compounds, the

[5] Introduce the TMA G400 [online]. [cit. 2014.02.19.]. Dostupné
na: <file:///F:/QTMA/Introducing_the_ TMA_Q400.htm#TMA
%20Components>

STN 62 1425: Kaucuky. Priprava a vulkanizacia kaucukovych
zmesi. Zariadenia, 1983.

Dillinger Hitte se mize hnout z €ervenych Cisel
www.saarbruecker-zeitung.de 26. 3. 2014

S ohledem na dal$i uspory nemusi byt pfijaté ro€ni Uspory v Dillinger Hutte ve vySi 130 mil. Eur
dostate€¢né, aby vyvedly zavod zkrize. Rok 2013 byl pro spoleCnost nejtézSi za cela desetileti.
Konsolidované vysledky EBIT ¢inily ztratu 167 mil. Eur. O rok dfive vykazala spole¢nost zisk 161 mil. Eur.
Prodej se propadl 0 20,8 % na 1,98 mld. Eur. Situace je napjata a feditel spole¢nosti nevyloucil dalsi
mozny Usporny program. Usporny program béZiza cenu ztratoy 450 pracovnich mist. Pfi¢emz 150
zaméstnancu prejde do Saarstahl na 24 mésicu za obdobnych podminek na podobné urovné dovednosti.
Pro ostatni zaméstnance jsou dohodnuta socialné pfijatelna feSeni. Program v8ak musi byt realizovan
rychle. Podminkou je, aby 90 % usporného programu bylo realizovano do konce roku a aby se trzni
podminky také zménily k lepSimu. Ve druhém Cctvrtleti roku 2014 jiz oCekava Dillinger Hutte rist cen.
Navic se spole¢nost musi stat pruznéjsi a citlivéjSi na reakce zakaznikd.
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Fillers for SBR Nanocomposites Based on Organically Modified MMT
and Starch

Plniva na baze organicky modifikovaného MMT a Skrobu pre SBR
nanokompozity

Ing. Ladislav Janek, PhD.l, Ing. Vladimira Krmelova, PhD.l, doc. Ing. Iva Srokova, PhD.l, Ing. Jaroslava
Jani¢kova, PhD.l, RNDr. Vlasta Sasinkova’

'Alexander Dubéek University of Trenéin, Faculty of Industrial Technologies in Piichov, 1. Krasku 491/30, 020 01
Puchov, Slovak Republic
*Slovak Academy of Sciences, Institute of Chemistry, Center for Glycomics, 845 38 Bratislava, Slovak Republic

Organically modified montmorillonite MMT (Nanofil 2, Nanofil 5) were used as the nanofillers for the preparation
of the styrene-butadiene rubber (SBR) composites. The starch oleates as well as carboxymethylstarch oleates were
used as compatibilizers to the SBR blends filled with modified MMT. The better dispersion of the fillers in the rubber
matrix can be achieved through the compatibilizer. The physico-mechanical properties (tensile strength and
tensibility) and hardness of the prepared composites were evaluated using classical methods and some of them have
been even higher or comparable to the properties of the composites filled with traditional filler - carbon black. The
prepared SBR blends were submitted to measurements of vulcanizing characteristics too. Optimal vulcanization
time (tyy) was shorter in comparison to the blend containing only carbon black.

Keywords: styrene-butadiene rubber, starch oleate, carboxymethylstarch oleate, nanofillers, organically modified
montmorillonite

Prispevok sa zaobera pripravou polymérnych zmesi na baze styrén-butadiénového kaucuku (SBR), kde sa vo funkcii
plniv pouzil ako c¢iastocna nahrada komercného plniva — sadzi, organicky modifikovany montmorilonit (MMT) a vo
funkcii kompatibilizatora modifikovany Skrob a jeho derivaty (karboxymetylskrob). V tejto praci sa pripravili
polymérne zmesi s ciastocnou nahradou komercnych sadzi, s réznym obsahom organicky modifikovaného nano
MMT ako plniva konkrétne Nanofil 2 a Nanofil 5. Zaroven sucastou zmesi boli aj modifikované polysacharidy
(modifikovany skrob a karboxymetylskrob) vo funkcii kompatibilizatora. Zamerne sa skrob a karboxymetylSkrob
hydrofobizovali za vzniku oledatu Skrobu a oledtu karboxymetylskrobu s vyssim stupniom substitucie. Celkovo sa
pripravilo 10 zmesi s réznym obsahom anorganického plniva ako aj s dvomi koncentraciami hydrofobizovaného
Skrobu ako kompatibilizatora a rovnaky pocet zmesi s oledatom karboxymetylskrobu ako druhého kompatibilizatora.
Vulkanizacné charakteristiky sa stanovili pre vsetky gumadrenské zmesi z vulkanizacnych kriviek. Sledovanymi
reometrickymi vlastnostami boli: M; - najmens$i krutiaci moment, My - najvyssi krutiaci moment, rozdiel
maximalneho  krutiaceho momentu a minimalneho krutiaceho momentu (4y= My - M;), toy - optimalna doba
vulkanizdcie. Pouzitie modifikovaného MMT ako i modifikovaného polysacharidu vo vsetkych zmesiach viedlo
k pozitivnemu znizeniu casu vulkanizacie oproti Standardu. U SBR vulkanizatov sa nasledne stanovili ich vybrané
mechanické vlastnosti a to pevnost pri pretrhnuti (MPa) a taznost pri pretrhnuti (%). Zistilo sa, zZe pevnost pri
pretrhnuti je porovnatelna so Standardnou zmesou, plnenou len sadzami. Ale taznost vulkanizatov pri pretrhnuti sa
podstatne zvysila. Tvrdost hodnotenych polymérnych zmesi je porovnatelna so Standardnou zmesou plnenou len
cistymi sadzami.

KPudové slova: styrén-butadienovy kaucuk, oledat Skrobu, oledat karboxymetylskrobu, nanoplniva, organicky
modifikovany MMT

Utilization of the fillers as reinforcement into rubber
vulcanizates was studied in former time but nowadays,
the utilisation of these fillers is studied much more
extensively. Fillers improved physico-mechanical
properties, such as tensile strength, elongation,
hardness, resiliency, etc. of the rubber vulcanizates as
well as rubber blends. Various properties of
vulcanizates or polymeric rubber mixture depend on the
size of the filler particles (the smaller particles have
greater reinforcing effect) and furthermore, these

properties also depend on the particle shape, specific
surface, chemical composition, structure and content of
impurities. Carbon Black (CB) belongs to the mostly
used fillers and it has excellent properties in relation to
the rubber blends, but they have some disadvantages
including monotonous colour of the prepared blends.
Moreover, the considerable environmental pollution
resulting from production of CB as well as the
liquidation of used products has to be mentioned [1].
Therefore, various light fillers, such as silica, clay,
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caoline, lignin, starch, cellulose and different types of
layered clays (montmorillonite — MMT) have been
applied. Employment of montmorilonites or other
layered clays into rubber mixtures and vulcanizates has
considerable economical and ecological importance. The
preparation of the rubber mixture from natural rubber
and polypropylene, filled with layered clays, is
connected with improvement of some mechanical,
thermo-mechanical and barrier properties as well as
flammability is reduced [2].

Utilization of MMT (bentonite type) in natural rubber
and styrene-butadiene rubber was tested and studied. It
was found out that there was improvement in
mechanical properties, thermal stability as well as
barrier properties [3]. The hydrophilic character is the
disadvantage of these mentioned clays. Some years ago,
three different types of lignin into rubber mixtures based
on natural rubber and SBR were applied. It was found
out that the lignin was able to improve the physico-
mechanical properties because of compatibility of lignin
and rubber matrix [4, 5].

This paper presents the preparation and properties of the
SBR nanocomposites using organically modified MMT
nanofillers (Nanofil 2, Nanofil 5, and NaMMT) as well
as starch oleates and carboxymethyl starch oleates
which were tested as the modifiers or compatibilizers.

Experimental
Materials

Styrene-butadiene Rubber Kralex SBR 1500, from
Kralupy (Czech Republic) was used as a matrix. Starch
oleates (S-O) and carboxymethylstarch oleates (CMS-O)
were prepared as it is described in [6, 7] and applied as
compatibilizers of fillers. Nanofil 2, Nanofil 5 and sodium
salt of MMT were employed as inorganic fillers and they
were from Siid Chemie (Germany). Carbon black (CB),
which is commonly used used as a commercial filler, was
from Chezacarb A-conducting (Czech Republic).

Preparation of the rubber composites

SBR composites were prepared using plasti-Corder
Brabender (volume 75cm’), with constant rpm
(50 rpm/min), at temperature of 110 °C in the first step
and at temperature of 100 °C in the second step.

Glycerine as plasticizer (20 %) and S-O as well as
CMS-0O as compatibilizers (1 % or 5 %) have been
added mechanically into model rubber mixture during
the first step of the mixing. The compositions of the
SBR mixtures are given in Tab. 1.

Methods

The prepared model SBR composites were submitted to
measurements of vulcanizing characteristics and
physical-mechanical properties.

The vulcanization characteristics of SBR blends was
measured using a vulcameter Monsanto 100 at the

temperature of 150 °C during 60 min and some results
are shown in Tab. 2. The specimens with a shape of
double-sided blades were mechanically cut out from
the vulcanized slabs [8].

Physico-mechanical properties of the prepared mixtures
(tensile strength and tensibility) were measured at room
temperature using Monsanto 100 testing machine [9].
The hardness of vulcanized rubber was determined at
room temperature by a hardness tester IRHD [10].

Tab. 1 Composition of classical polymeric rubber blends
Tab. 1 Zlozenie gumarenskej zmesi

Content in the mixture

Component a
P [phr]
rubber KRALEX SBR 1500 100
ZnO 5

stearin — Conti flake 2

sulfur 1 % (milling oiled) 2

CBS® accelerator 1

Filler (CB, NaMMT, Nanofil2,
Nanofil5)

rapeseed oil NKO 5

* Parts hundred parts of rubber),
® N-cyclohexyl-2-benzothiazyl sulphenamide

25

Results and discussion

Organically modified montmorillonite (Nanofil 2,
Nanofil 5 and sodium salt of MMT) as nanofiller
together with commercial filler CB were employed for
the preparation of nanocomposites based on the SBR.
Starch oleates (S-O) and carboxymethylstarch oleates
(CMS-0) were prepared as it is given in literature [6, 7]
and they were applied as compatibilizers between the
filler and rubber.

Vulcanization characteristics of the SBR/CB/MMT/S-O
(CMS-0) mixture confirmed that the polysaccharide
content of S-O and CMS-O (used as modifiers) had
positive effect on the optimal cure time (Tab. 2 and 3). In
comparison to CB, torque M, of all samples decreased
with  increasing content of nano-fillers using
compatibilizer CMS-O. In the case of sample containing
15 % of nanofiller content, compatibilizer and S-O, the
reduction of torque M; was observed and it is in
contrast, to sample containing 10 % of nanofiller
content and S-O because the partial increase of torque
M; was observed. Torque M; is proportional to the
viscosity of the rubber mixture heated at cure
temperature and this temperature was characteristic
feature of its stiffness. Maximum torque My showed
that increasing content of inorganic filler led to increase
of the shear modulus in relation to the rubber mixtures.
My is the characteristic feature of stiffness of rubber at
the end of the vulcanization process. Lower values of
My refer to lower stiffness as well as the viscosity of the
mixture at the end of the cure. The optimal
vulcanization time (zyy) of rubber mixtures is reduced
and it implies that the compatibilizer (S-O, CMS-O)
affect vulcanization characteristics.
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Based on classical methods, evaluation of the physico-
mechanical properties (the tensile strength at break and
tensibility) of the prepared nanocomposites provides
general information on the material properties of rubber
mixture. Evaluation of these characteristic features is very

important for each polymer mixture. The physico-
mechanical properties as well as hardness of the
prepared SBR/CB/MMT/polysaccharide composites are
summarized in Tab. 4.

Tab. 2 Cure characteristics of SBR composites with compatibilizer CMS-O (1 % and 5 %)
Tab. 2 Vulkaniza¢né charakteristiky SBR zmesi s kompatibilizatorom oleatom karboxymetylskrobu (1 % and 5 %)

Min. torque Max. torque Extent of cure | Optimum cure
Samples Muin [Nm] Mpax [Nm] AM [Nm] time to [min]
1% 5% 1% 5% 1% 5% 1% 5%
5 % Nano2 30.0 31.0 74.0 | 73.0 44.0 42.0 30.5 27.5
10 % Nano2 29.8 28.0 712 | 72.0 414 44.0 21.5 21.0
15 % Nano2 28.2 19.0 722 | 615 44.0 425 18.5 18.0
5 % NanoS 323 30.0 772 | 75.0 44.9 45.0 235 26.0
10 % Nano5 29.0 27.0 74.0 | 71.0 45.0 44.0 20.3 225
15 % Nano5 28.0 25.0 722 | 69.5 442 445 18.8 18.0
100 %CB 325 91.0 58.5 37.5

Nano2 — Nanofil 2. Nano5 — Nanofil 5

Tab. 3 Cure characteristics of SBR compostes with compatibilizer S-O (1 % and 5 %)
Tab. 3 Vulkaniza¢né charakteristiky SBR zmesi s kompatibilizatorom oleatom skrobu (1 % and 5 %)

Min. torque Max. torque Extent of cure | Optimum cure
Samples Mpnin [Nm] Mnax [Nm] AM [Nm] time toy [min]
1% 5% 1% 5% 1% 5% 1% 5%
5 % Nano2 257 27.0 70.8 71.0 45.1 440 | 265 25.0
10 % Nano2 285 245 80.0 67.5 51.5 43.0 | 275 21.5
15 % Nano2 24.0 232 68.5 68.5 445 453 | 205 19.5
5 % Nano5 24.8 27.0 72.0 72.0 472 450 | 27.0 25.0
10 % Nano5 27.0 25.0 74.0 71.0 47.0 46.0 | 225 20.5
15 % Nano5 24.0 21.0 68.5 65.0 445 440 | 205 16.0

100 % CB 325 91.0 58.5 375
As can be seen from Tab. 4, utilisation of three types of Conclusions

nanofillers (NaMMT, Nanofil 2, Nanofil 5) showed
a higher or comparable properties to the standard mixture
properties. Using plasticizer GL and modifier CMS-O,
the comparable results in tensile strength at break were
obtained only by two samples (B3-1, C3-1) but using
higher concentration of CMS-O (5 %) better results were
obtained and it was about 20 MPa of the tensile strength
(A1-5, A2-5, Bl1-5, B2-5, Cl1-5). Compared to the
tensibility of standards, tensibility of the mixtures was
increased in the case of all samples except one (C2-5).
The hardness was comparable to the hardness of standard
blend too. In relation to the three types of nanofillers, the
better properties were observed at higher concentration
value (10 and 15 %) and it was comparable to the
standard mixture. Higher mechanical properties were
achieved at higher percentage of nanofillers in the rubber
mixtures. When changing the modifier CMS-O for S-O
and maintaining the same percentages of the components,
there was an improvement in physical-mechanical
properties (Tab. 4a), especially in samples of D2-1, D3-1,
F1-1, D1-1, E1-5, F2-5. These samples show higher or
comparable properties to the properties of standard blend.
As can be seen, a small amount of modifier S-O (1 %) is
sufficient to achieve comparable physical-mechanical
properties in comparison to larger quantities of modifier
S-0 (5 %).

The preparation of the SBR rubber nanocomposites was
performed because of partially substitution of classical
filler CB using various amounts of nanofillers (5-15 %)
Moreover, two types of modifiers including starch oleate
and CMS-oleate (with 1 and 5 %). MMT and organically
modified MMT (Nano 2 and Nano 5 with 5 up to 15 %)
were used as nanofillers and oleate esters of starch and
carboxymetylstarch (S-O, CMS-O) were employed as
modifiers. The investigated modified mixtures were
compared to astandard mixture which was prepared
from SBR filled with Carbon black.

Vulcanization  characteristics of the prepared
nanocomposites confirmed that the polysaccharide
content of S-O and CMS-O modifiers had positive
effect on the optimal cure time.

From the results of physico-mechanical properties, it
can be concluded that a mixture with three types of
nanofiller and with oleate esters of starch and CMS
have comparable tensile strength and hardness to the
standard mixture filled only with CB. Tensibility of
some of these tested mixtures showed the higher values
in comparison to the standard blend.
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The physico-mechanical properties were better after
using 1 % of S-O modificator whereas 5 % of CMS-O
modificator has to be used for achievement of the same
values representing the mentioned properties.

It was found out that the presence of inorganic nanofiller
(organically modified MMT) with derivative of starch (S-
0O, CMS-0) partially adjusts mechanical properties.

Tab. 4 Physico-mechanical properties and hardness of the SBR/CB nanocomposites with various content of nanofillers and compatibilizer (%)
Tab. 4 Fyzikalno - mechanické vlastnosti SBR/CB vulkanizatov s r6znym obsahom nanoplniv a kompatibilizatora (%)

a) with CMS-oleate
a) s oledtom karboxymetylskrobu

Blends SBR/ CB partially substitued | Tensile strenght Tensibility Hardness
with MMT/CMS-O [MPa] [%o] [IRHD]
1% 5% 1% 5% 1% 5% 1% 5%
5 % Nano2 Al-1 Al-5 19 20 367 435 75 74
10 % Nano2 A2-1 A2-5 19 20 421 435 75 73
15 % Nano2 A3-1 A3-5 19 16 402 429 72 64
5 % Nano5 B1-1 B1-5 18 20 396 400 75 72
10 % Nano5 B2-1 B2-5 16 20 340 433 74 71
15 % Nano5 B3-1 B3-5 20 19 444 420 73 70
5 % NaMMT Cl-1 Cl-5 18 20 369 414 75 75
10 % NaMMT C2-1 C2-5 19 14 404 348 71 71
15 % NaMMT C3-1 C3-5 20 18 427 408 73 70
100 % CB (standard) 22 365 75
b) with Starch-oleate
b) s oleatom Skrobu
Blends SBR/ CB partially substitued Tensile strenght Tensibility Hardness
with MMT/S-O [MPa] [%o] [IRHD]
1% 5% 1% 5% 1% 5% 1% 5%
5 % Nano2 DI-1 D1-5 19 20 386 397 75 74
10 % Nano2 D2-1 D2-5 20 19 356 431 75 72
15 % Nano2 D3-1 D3-5 21 18 411 412 74 73
5 % Nano5S El-1 El1-5 19 20 340 403 76 74
10 % Nano5 E2-1 E2-5 19 17 397 373 70 72
15 % Nano5 E3-1 E3-5 13 17 363 402 73 70
5 % NaMMT F1-1 F1-5 22 17 425 391 72 71
10 % NaMMT F2-1 F2-5 19 20 386 382 75 74
15 % NaMMT F3-1 F3-5 17 19 379 379 70 73
100 % CB (standard) 22 365 75
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Determination of Selected Material Characteristics for Chosen Parts from
Variously Aged Tire Casings

Stanovenie vybranych materidlovych charakteristik vybranych ¢asti z roézne
starych plastov pneumatik
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'Alexander Dubéek University of Trenin, Faculty of Industrial Technologies in Pichov, I. Krasku 491/30, 020 01
Puchov, Slovak Republic

The paper is focused on determination of selected material characteristics for samples from different areas in
relation to passenger tire casings which are old variously. These characteristics serve as input data for
computational modeling of tire casings. It was necessary to carry out various types of experiments to obtain these
material characteristics. In this paper, we present the values of the modules of elasticity calculated from the results
of DMA tests and static tension tests of treads, sidewalls and alluvial mixtures of variously old tire casings. From
the experimental results, we were also able to determine the Mooney-Rivlin parameters which are necessary input
data for computational models of tire casings and their parts. In addition, there are also presented the results which
are based on the hardness tests of the given tire casing parts measured by the IRHD method. Computational models
will be designed to be able to include the effect of aging of the individual tire casing parts. Knowledge on
degradation processes can lead to design and material changes that can increase the resistance of casings against
certain forms of degradation.

Keywords: tire casing, degradation, hardness, Mooney-Rivlin parameters, modulus of elasticity

Clanok sa zaoberd stanovenim vybranych materidlovych charakteristik vzoriek z rozdielnych casti rozlicne starych
plastov osobnych pneumatik. Tieto charakteristiky slizia ako vstupné data pre pocitacové modelovanie pldstov
pneumatik. Pre ziskanie tychto materialovych charakteristik na ucely vypoctov bolo nutné vykonat rozne druhy
experimentov, najmd dynamické skusky pomocou metédy DMA, statické skusky v tahu, merania tvrdosti
a radialnych deformacnych charakteristik. V ¢lanku su prezentované hodnoty modulov pruznosti vypocitané
z vysledkov DMA testov a statickych skusok v tahu behurnov, bocnic a nanosovych zmesi réozne starych plastov
pneumatik. Z experimentalnych vysledkov boli urcené aj Mooney-Rivlinove parametre, ktoré patria medzi dolezité
vstupné data do vypoctovych modelov plastov pneumatik a ich casti. Vypoctové modely musia byt navrhnuté tak,
aby bolo mozné zahrnut vplyv starnutia jednotlivych casti plasta. V ¢lanku su uvedené aj vysledky merani tvrdosti
danych vzoriek pomocou metody IRHD. Uvedeny vyskum je zamerany na vybrané rozme staré pldaste pneumatik
vyrobcu Continental. Skusobné vzorky pre statické tahove skusky boli vyrezané z roznych casti vybranych troch
rozne starych plastov pneumatik. Statické skusobné zariadenie pre skusku tahom Hounsfield H20K-W bolo pouZzité
pre mechanické statické tahové skusky v jednoosovom silovom pésobeni zatazujucej sily az do pretrhnutia. Rychlost
zatazovania bola 20 mm / min a pociatocna vzdialenost medzi celustami bola 20 mm. Testovacie zariadenie PYRIS
Diamond od firmy Perkin Elmer bolo pouzité pre merania pomocou dynamicko-mechanickej analyzy. Teplotny
rozsah bol -70 az 110 °C pri frekvencii 1 Hz. Na meranie tvrdosti bol pouzity rucny tvrdomer vyuzivajuci metodu
IRHD. Z vysledkov bolo mozné stanovit mieru degradacie vzoriek jednotlivych casti danych plastov pneumatik.
Poznanie degradacnych procesov moze viest' k dizajnovym a materialovym zmenam, ktoré mozu sluzit' k zvySenie
odolnosti plastov proti niektorym formam degradacie, k zlepseniu bezpecnostnych indikatorov a zvyseniu Zivotnosti.

Kracové slova: plast pneumatiky, degradacia, tvrdost, Mooney-Rivlinove parametre, modul pruznosti

Tires are one of the most important products used in the
automobile industry. Therefore, it is important to
recognize the principles and reasons of the degradation
process based on ageing and furthermore, it is also
important to specify the influence of ozone on
mechanical properties of tires and behavior after several
years with reference to their service.

For the input parameters in computational models of
tires and tire parts, as well as for its own verification
purposes in order to compare the results of calculations
with experimental data, it is necessary to perform a whole
set of experiments. Tire casings are most often modeled
using the finite element method and therefore, itis
necessary to determine the material characteristics of the
individual casing parts accurately [1].
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Research is focused on chosen selected old tire casings of
the manufacturer Continental. The article is focused on
the experimental determination of dynamic and static
moduli of elasticity, M-R parameters and IRHD hardness
of selected parts of these tire casings. These data are
important material input data for computational models in
relation to the natural degradation of tire casings.

Performed experiments

Experimental tests were performed in order to obtain
material characteristics and parameters of the selected
parts of the tire casing as important material input data
with regard to the calculations for verification and
analysis of computer models with experimental data.

Samples were prepared from treads, alluvial mixtures
and sidewalls of tree tire casings aged in a various way.
Dynamic DMA tests were performed with PYRIS
Diamond test device from Perkin Elmer in the
temperature range from -70 to 110 °C at frequency 1 Hz.
Static test device Hounsfield H20K-W was used for the
mechanical static tensile test in uniaxial force influence
of the load force until the breakage. Loading rate was
20 mm/min and initial distance between the clamps was
20 mm [2]. Temperature was 20 °C.

Hardness tests were performed using a hand IRHD
hardness tester at temperature 20 °C.

Modules of elasticity

Dependencies of dynamic modules of elasticity on
temperature obtained from DMA tests are shown in
Figures 1 - 3.

The static modules of elasticity were calculated from the
dependencies of load force on elongation. Their values
for each sample are shown in Tab 1 [3].

In Tab. 2, there are the values of the dynamic modulus
E* for the temperature 20 °C.

Fig. 1 Dependency of elastic modulus £* of treads on temperature
Obr. 1 Zavislost’ modulu £* behtnov od teploty

Fig. 2 Dependency of modulus E* of alluvial mixtures on temperature
Obr. 2 Zavislost' elastického modulu £* nanosovych zmesi od teploty

Fig. 3 Dependency of modulus E* of sidewalls on temperature
Obr. 3 Zavislost modulu E£* bo¢nic od teploty

Tab. 1 Values of E for the samples at temperature 20 °C
Tab. 1 Hodnoty E vzoriek pre teplotu 20 °C

Sample E 05 (mid. E 17 (oldest) | E MP44 (new)
aged) [MPa] [MPa] [MPa]
tread 5.34 11.22 20.07
sidewall 1.02 1.52 0.65
Alluvial 2.73 2.01 1.34
mixture
Tab. 2 Values of dynamic modulus E£* at 20 °C
Tab. 2 Hodnoty dynamického modulu £* pri 20 °C
Sample E 05 (mid. E"17 (oldest) E"MP44
aged) [MPa] [MPa] (new) [MPa]
tread 72.70 18.21 86.74
sidewall 21.06 13.98 33.01
Alluvial 34.79 19.70 33.01
mixture

Figures 4 — 6 show the comparison of the values of the
dynamic and static modules of elasticity.

Fig. 4 Comparison of modules of elasticity for treads
Obr. 4 Porovnanie modulov pruznosti behunov
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Fig. 5 Comparison of modules of elasticity for alluvial mixtures
Obr. 5 Porovnanie modulov pruznosti nanosovych zmesi

Fig. 6 Comparison of modules of elasticity for sidewalls
Obr. 6 Porovnanie modulov pruznosti boénic

From the results can be seen that the dynamic modules
have much higher values than the static ones. This is
caused by dynamic stress which has always higher
values than dynamic stress.

On the basis of dynamic and static tests, it can be
concluded that the samples taken from the oldest tire are
significantly degraded.

Mooney-Rivlin parameters

Figures 7 — 9 show the Mooney-Rivlin dependencies of
each tire casing sample with the calculated values of the
M-R parameters CO1 and C10.

These dependencies were obtained by calculation
relating to the dependencies of stress J on elongation ¢
and these dependency values were obtained which on
the basis of static tensile tests [4].

Fig. 7 M-R parameters for tire casing treads
Obr. 7 M-R parametre behunov plastov pneumatik

Fig. 8 M-R parameters for tire casing alluvial mixtures
Obr. 8 M-R parametre nanosovych zmesi plastov pneumatik

Fig. 9 M-R parameters for tire casing sidewalls
Obr. 9 M-R parametre bo¢nic plastov pneumatik

These parameters are very important because they will
serve as input data for computational models of tire
casing degradation.

Hardness tests

Using the IRHD hardness tester, the hardness of the
selected variously aged tire casing parts was
determined. In Tab. 3, there are the values of hardness
in relation to the given samples [5].

Tab. 3 Values of IRHD hardness
Tab. 3 Hodnoty tvrdosti IRHD

Sample IRHD MP44 {RHD 05 IRHD 17
(new) [-] (mid. aged) [-] (oldest) [-]
tread 72.83 73.5 79.33
sidewall 43.17 56.67 65
Alluvial 44 51.5 62.17
mixture
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Figures 10 — 12 show the comparison of the measured
values of hardness for each sample.

Fig. 10 IRHD hardness for tread samples
Obr. 10 Tvrdost IRHD vzoriek behuinov

Fig. 11 IRHD hardness for sidewall samples
Obr. 11 Tvrdost’ IRHD vzoriek bo¢nic

Fig. 12 IRHD hardness for alluvial mixture samples
Obr. 12 Tvrdost’ IRHD vzoriek nanosovych zmesi

From the results can be seen that harness increases with
age. This is most significant recognition from the aspect
of the results for tread samples where the the oldest
tread has significantly higher values of hardness than
the new treads. This mentioned fact gives a clear
evidence of the level of degradation of the oldest tire
casing.

Conclusions

From the dynamic and static experiments, modules of
elasticity of tread, sidewall and alluvial mixture samples
were determined and compared. The results show that
the dynamic modules have much higher values than the
static ones. This is caused by dynamic stress which has
always higher values than dynamic stress.

From both dynamic and static tests can be concluded
that the samples from the oldest tire casing are
significantly degraded.

Mooney- Rivlin dependencies and parameters were
obtained by calculation relating to the dependencies of
stress 0 on elongation ¢ while these dependencies were
obtained on the basis of the static tensile tests.

From the results of the IRHD hardness test can be
clearly seen that hardness increases with age. This is
most significant fact in relation to the results for tread
samples. From all of the results can be concluded that
the oldest tire casing is degraded significantly.
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Effect of Filler on Curing Characteristics of NR/Cellulose Blends

Vplyv plniva na vulkaniza¢né charakteristiky zmesi NR/celul6za
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Rubber blends have gained wide acceptance in industry due to ability to customize their properties to fit particular
needs. Sulphur vulcanization process is the predominant method employed in the crosslinking of unsatured
elastomers. This system is composed of sulphur, metal oxide (ZnO) and one or more organic accelerators. Natural
rubber has been studied and reported extensively because of its superior performance in tire applications. The
vulcanization of elastomeric materials has a high impact on the properties of the final product. Therefore, it is
important to monitor and control this crosslinking process. The objective of the presented work is to evaluate the
effect of biopolymer as reinforcing filler and sodium dodecy! sulphate as plasticizer on the curing characteristics of
natural rubber blends.

Keywords: elastomeric blends, vulcanization, scorch time, crosslinking density

Viastnosti polymérnych zmesi su silne ovplyviiované druhom a obsahom jednotlivych typov polymérnych zlozZiek.
Vzajomné mieSanie polymérov je zlozity proces, pri ktorom vznikaju dvoj- alebo viaczlozkové polymérne systémy.
Prirodny kaucuk je obnovitelny prirodny zdroj, ktory ma mnoho vynikajucich viastnosti, ako napr. vynikajucu
odolnost vseobecne, vysokii pevnost, taznost a dobru spracovatelnost. Nevyhodou nenasyteného polyméru je mald
odolnost voci vysokym teplotam, vplyvu kyslika, ozonu, ultrafialovému Ziareniu, ktoré sposobuji postupnu
degraddciu polyméru a ma negativny vplyv na ich aplikaciu. Na prekonanie tychto obmedzeni NR a rozsirenie
pouzitia je nevyhnutna jeho modifikacia pre zlepSenie viastnosti. Vytvaranie novych zmesi polymérov prindsa isté
uskalia, pretoze vicsina polymérov je vzdjomne nemiesatelnd. Vzajomna nemiesatelnost sposobend ich odlisnou
Strukturou, ma negativny dopad na uzitkove vlastnosti materialov ziskanych ich miesanim. Negativne tendencie sa
potlacaju tzv. kompatibilizaciou, pridanim vhodného kompatibilizatora, alebo tenzidu. Praca sa zaoberd studiom
vulkanizacnych charakteristik zmesi prirodného kaucuku (NR) a celulozy (CEL) v mnozstvach od 0 do 55 dsk, za
a bez pritomnosti tenzidu, dodecylsulfat sodny (SDS). Mnozstvo tenzidu SDS v zmesi bolo 0 a 3 dsk. Sledoval sa
vplyv polysacharidu celulozy a tenzidu SDS na vulkanizacné charakteristiky, ako je minimalny krutiaci moment (Mp)
a maximadlny krutiaci moment (My), spracovatelska bezpecnost zmesi (ty,), pociatocny cas vulkanizdcie (t.o).
Najvyssie hodnoty maximalneho krutiaceho momentu dosahovala najviac plnend zmes NR/55 dsk LBG bez SDS.
Najvyssie hodnoty minimalneho kritiaceho momentu mala neplnend zmes a zmes NR/55 dsk LBG bez SDS. Podobny
jav mozno pozorovat aj u zmesi s rovnakym zlozenim a 3 dsk SDS. So zvysujiicim obsahom celulozy do 40 dsk
vzmesi s NR bezpecnost zmesi a optimalna doba vulkanizdcie klesali. Najvyssiu hodnotu optimdlnej doby
vulkanizdcie mali neplnené zmesi s a bez SDS a zmes NR/55 dsk LBG/3 dsk DSS).

Kruacové slova: elastomérne zmesi, vulkanizacia, spracovatel'ska bezpecnost zmesi, sietova hustota

Elastomers represent one of the most widely used insoluble form and permanent material shape. Due to
material classes today. Their typical material properties, the chemical crosslinking, a thermoset material with
such as high elasticity and high damping, make these alow crosslinking density, compared to e.g. epoxy
materials very important. The fields of application are  resins, is formed. The crosslinking or vulcanization of
manifold including vehicles parts, tires, tubing, shoes, elastomeric materials is a complex process which is
gloves, seals, adhesives, drive and conveyor belts. In  crucial to obtain the final material properties. During
engineering applications, materials are subjected to  vulcanization, “the properties of a rubber compound are
a complex combination of manufacturing and in-service  changed” and  therefore,  “the  vulcanization
loadings. Filled elastomers are usually used both in the  characteristics can be determined by measuring
large strain and small strain regions and their viscous  properties as a function of time and temperature” [2].
properties play an important role in their structural  After vulcanization, rubber loses its tackiness, becomes
applications [1]. To reach the unique material properties  insoluble in solvent and becomes more resistant to heat,
of the raw material which is generally a mixture of light and aging processes [3, 4]. It is a common
rubber, crosslinking agent, fillers and several additional  technique to measure vulcanization isotherms with
ingredients, this raw material must be crosslinked to an  a curemeter according to ISO 6502 and it leads to the
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determination of the typical characteristic times for the
compound curing process. The scorch time t;, can be
mentioned as and example and it represents the time at
which the crosslinking reaction shows an influence on
the measured torque and 2% of the total increase in
torque is reached. The scorch time can be used as a
measure of the processing safety of the compound.
Other important characteristic values attained from a
curemeter test are M; minimum torque, My maximum
torque, y reached percentage of full cure, #, time to
reach a defined percentage x of full cure. The reached
percentage of full cure can be calculated according to
the following equation:

My — M

— =100
My —M, %

xX=

A drawback of these measurements is that they are
performed under the determined laboratory conditions
which do not correspond to the processing conditions
within the mould and moreover, samples shape does not
represent the actual product geometry. The direct
measurement of the crosslinking process within the
production mould has not been performed yet.

Un-vulcanized NR

Vulcanized NR

—o— Pseudo (naturally occurring) network
—=— Chemical bond network
Entanglement
Fig. 1 Structure of network and entanglements in vulcanized

and un-vulcanized NR

Obr. 1 Struktira siete a zauzlenia vulkanizovaného
a nevulkanizovaného prirodného kaucuku

Further studies on the mechanical and curing properties
of these systems showed that the cellulose improves the
physicochemical as well as the technological properties
of pure NR. The presence of cellulose decreases the
vulcanization time and induces a significant increase in
the crosslinking density presumably as a consequence of
favourable polymer—filler interactions which cause an
increment of the NR reactivity [5, 6].

Experiment
Materials

Natural rubber SMR 10 (NR) was purchased from Kuala
Lumphur, Malaizia. Sodium dodecyl sulfate (SDS) was
supplied from Aldrich. Greencel GW 600, cellulose
fibres — Cellulose (CEL) 99.5 %, bulk density 70 —
90 g.I"" was supplied from Bukéza Invest, Ltd.
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Preparation of NR/CEL blends

Cellulose was melt-blended with NR in Brabender
Plasti — Corder PLE 331. Mixing was performed at 80
and 90 °C and 50 rpm. The contents of CEL were from
0 to 55 parts per hundred rubber (phr), respectively.
SDS was used at two different amounts, namely 0 and
3 phr. Blends were vulcanized with the following
formula: stearic acid, ZnO, Flavex, N-tert-Butyl-2-
benzothiazolesulfenamide and sulphur. The temperature
of vulcanization was 150 °C.

Determination of curing characteristics

Curing characteristics, such as scorch time (fs;), cure
time (fcgp), maximum and minimum torque (My, M;) of
filled NR blends were determined using a curemeter
RHEOMETER 100 MONSANTO with rotor and

software Daisy, 60 minutes at 150 °C.

Results and discussion

This study deals with curing characteristics of elastomer
blends consisting of natural rubber filled with
biopolymer, with and without presence of tenside
represented by sodium dodecyl sulfate. Amount of
cellulose used as a filler in the blends with NR was 0;
27.6; 30; 35; 40; 45; 50; 55 phr and content of tenside
SDS was 0 and 3 phr.

Fig. 2 shows that blends filled with cellulose without
SDS had lower values of minimal torque than unfilled
blend without SDS. However, they had a higher
maximum torque and it leads to assumptions that there
isn’t a strong adhesion between the rubber and filler
surfaces. Generally, presence of nanoparticles of filler
should increase the values of torque. Lower values of
minimal torque can be a result of lower density of the
blend filled with cellulose without SDS. Compared to
unfilled blend, the higher stiffness of filled blends
during curing is probably due to interaction of organic
cellulose as well as accelerator with NR during curing
process. Final thickening of the blend is a result of
shorter and denser inter-chains created during
accelerated curing process [7]. In comparison to the
unfilled blend, the higher value of minimum torque was
only measured for blend NR/55 phr CEL/0 phr SDS.
Minimal torques of NR blends with different content of
filler without SDS did not exhibit any kind of increasing
or decreasing tendency based on the filler amount.
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Fig. 2 Comparison of torque My and M, in NR blends with different
amounts of cellulose, without SDS

Obr. 2 Porovnanie kratiaceho momentu My a M, zmesi prirodného
kauc€uku s roznym obsahom celulozy, bez DSS

The biggest difference between minimum and
maximum torque was exhibited by blend NR/55 phr
CEL/0 phr SDS. The smallest difference was observed
for unfilled blend without SDS. Value of maximum
torque for NR/55 phr CEL/O phr SDS blend (43 dN.m)
was double higher than value of maximum torque of
unfilled blend without SDS (22 dN.m).

Fig. 3 Comparison of My and M, torque in NR blends with different
amounts of cellulose and with 3 phr SDS

Obr. 3 Porovnanie kritiaceho momentu My a M, zmesi prirodného
kaucuku s r6znym obsahom celulozy s 3dsk SDS

From Fig. 2 and 3 can be seen that unfilled NR blend
with 3 phr of SDS exhibited slight refinement in
comparison to unfilled blend without SDS. Values of
minimum and maximum torque were lower. Blends

with different amount of cellulose and 3 phr of SDS had
higher maximal torque but it was a bit less significant
than in filled blends without SDS. The increasing of
maximum torque is linear with increasing of amount of
cellulose filler in the blends with 3 phr of SDS and the
same course is fulfilled for filled blends without SDS.
The blend of NR/27.5 phr CEL/3 phr SDS is an
exception because it exhibits higher value of maximum
torque than the blend NR/30 phr CEL/3 phr DSS. The
linear increase of My was observed for NR blends with
higher content of cellulose than 30 phr and 3 phr of
SDS. Value of maximum torque for NR/55 phr
CEL/3 phr SDS blend was double higher than value of
maximum torque for unfilled blend with 3 phr of SDS.
The highest value of minimum torque (3 dN.m) was
observed for unfilled blend of NR with 3 phr of SDS.

Fig. 4 Comparison of scorch time and optimal curing time of
NR/CEL blends without SDS

Obr.4 Porovnanie spracovatel'skej bezpecnosti a optimalnej doby
vulkanizacie zmesi NR/CEL bez SDS

From Fig. 4 can be seen, that the highest value of
optimal curing time and scorch time was observed
unfilled blend without SDS (18.22 and 11.31 minutes).
In all blends filled with cellulose, the values of optimal
curing time and scorch time were reduced. This effect is
probably caused by cellulose which acts as an
accelerator in NR blends as mentioned in work [7]. The
lowest values of optimal curing time and scorch time
were observed for blend NR/40 phr CEL/0 phr SDS
(13.08 and 7.75 minutes). These values present the limit
amount of cellulose (40 phr) in NR. Further increasing
of values of scorch time and optimal curing time in
blends with higher cellulose content than 40 phr is
probably caused by interaction of cellulose polymeric
inter-chains. It is connected with the fact, that the blends
were much stiffer with higher amount of cellulose in
NR. The blend with highest cellulose amount (55 phr)
without SDS does not have such long optimal curing
time or scorch time as unfilled NR blend without SDS.
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From Fig. 5 can be seen that unfilled NR blend with 3
phr of SDS content exhibited slightly increasing optimal
curing time and scorch time in comparison to the
unfilled NR blend without SDS. Tenside SDS probably
acts as cure inhibitor. In filled blends with 3 phr of SDS,
we could observe decrease in optimal curing time and
scorch time again, but it is less significant than in the
case of filled blends without SDS. Optimal curing time
and scorch time were decreased up to 35 phr of
cellulose content. Blend NR/35 phr CEL/3 phr SDS had
almost the same value of optimal curing time and scorch
time (14.83 and 8.96 minutes) as blend NR/40 phr
CEL/3 phr SDS (14.8 and 8.81 minutes). Optimal
curing time and scorch time were increased with the
filler content higher than 40 phr in NR blends as well as
in blends without SDS. The values of optimal curing
time and scorch time for blend NR/55 phr CEL/3 phr
SDS were 17.41 and 9.76 minutes. It was still less in
comparison to unfilled NR blend with 3 phr of SDS
(18.95 and 12.43 minutes).

Fig. 5 Comparison of scorch time and optimal curing time of
NR/CEL blends with 3 phr of SDS

Obr. 5 Porovnanie spracovatel'skej bezpecnosti a optimalnej doby
vulkanizacie zmesi NR/CEL s 3 dsk SDS
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Conclusions

According to the obtained results, the scorch time and
curing time was decreased with cellulose loading,
whereas the maximum torque (M}) was increased for all
types of rubber blends. NR blend with the highest
content of the cellulose but without tenside exhibited
highest value of minimum torque (M;). The increasing
cellulose-NR compositions and the presence of SDS
improve the processability and maximum torque of the
NR/CEL blends. The scorch time and curing time are
decreased with the increase composition of cellulose up
to 40 phr in NR blends.
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Evaluation of Experimental Results for Selected Rubber Compounds before
and after Aging Degradation

Vyhodnocovanie experimentalnych vysledkov vybranych materialovych
charakteristik gumarenskych zmesi pred a po zostarnuti
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'Alexander Dubdek University of Trencin, Faculty of Industrial Technologies, 1. Krasku 491/30, 020 01 Puchov,
Slovak Republic

The paper is focused on the investigation of the tire rubber compounds and influence of degradation on their
mechanical properties. The aging of rubber compounds may occur in their production, but it can be also connected
with the technological process in the production. One of the ways how to simulate the selected degradation
processes of rubber compounds is to use software systems based on the finite element method as computer
numerical methods. The selected degradation process of alluvial compounds is evaluated by computational
modeling in combination with experimental investigations. The new alluvial compounds in comparison to degraded
one are evaluated in the paper. The tensile strength obtained from static tensile tests in uniaxial tension is evaluated
and compared. The Mooney-Rivlin parameters are set on the basis of dependencies mentioned hereinbefore. Using
simulations, we can find the potential modifications in technological production processes of the tire in order to
minimize the aging degradation.

Keywords: tire, rubber compounds, degradation, experiment, cyclic loading

Prispevok je orientovany na problematiku gumarenskych zmesi plastov pneumatik. V plastoch pneumatik su
gumarenské zmesi v interakcii s vystuznymi materialmi. Ku starnutiu gumarenskych zmesi moze dochddzat pri ich
vlastnej vyrobe, ale aj v technologickom procese vo vyrobe. Na degraddciu gumdrenskej zmesi md vplyv mnoho
faktorov (skladovanie, vplyv okolitého prostredia ai.). Pre vyhodnotenie je potrebné poznat chemické zlozenie
gumarenskej zmesi, ako aj ich mechanické viastnosti. Jednou z moznosti, ako simulovat vybrané degradacné procesy
gumarenskych zmesi a ich vplyv na mechanické charakteristiky vyrobenych elastomérov, je vyuzitie programovych
systéemov na baze metody konecnych prvkov. Skusobné vzorky boli vyrobené z gumarenskych zmesi zamieSanych
pred 1-7 rokmi. Vyraznym faktorom, ovplyviujucim degradaciu, je vplyv vzdusného ozonu. Bude zhodnoteny
vybrany degradacny proces nanosovych zmesi vypoctovym modelovanim v kombindacii s experimentmi. S tymto uzko
suvisi navrh verifikacnych kritérii, na zaklade ktorych je mozné vysledky z vypoctov objektivne posudit s vysledkami
z experimentov. V prispevku siui hodnotené ndnosové zmesi nové v porovnani s degradovanymi. Vyhodnotené
sii formou porovnania zavislosti tahovej sily na predlzeni, ziskanych zo statickych skisok v tahu. Na zdklade tychto
zavislosti su stanovené Mooney-Rivlinové parametre. V prispevku bola navrhnutd metodika pre cyklické zatazenie
pre elastoméry vyskytujiice sa v plastoch pneumatik. Meranie zavislosti prebieha pre vsetky jednotlivé zmesi, ako
pre nové vzorky, tak aj pre vzorky po starnuti. Simuldciami mézeme ndjst potencidly v technologii procesov
a produkcii plastov pneumatiky, aby tieto typické degradacné starnutie bolo minimalizované. Na zaklade vysledkov
mozno zlepsit vyrobu nanosovych zmesi plastov pneumatik resp. navrhnut opatrenia veduce k zniZeniu vplyvu
starnutia na materialové charakteristiky aj chemickym zlozenim gumarenskych zmesi.

Kracové slova: pneumatika, gumarenska zmes, degradacia, experiment, cyklické zatazeni

Research is focused on tire rubber compounds in the
interaction with reinforcing materials. Due to effect of
various factors, the degradation of compounds may
occur. One of the ways how to reduce or minimize the
degradation effect is connected with the simulation of

Composite materials in tire casings

In the terms of material, the tire can be defined as very
complex polycomponent material with specific
properties. It is necessary to take into account these

the degradation processes of rubber compounds using
the software systems based on finite elements (FEM).
By these simulations, we try to find the potential
solution in relation to the degradation processes
occurring during the process of tire manufacture.

characteristics in relation to the computational models
in the form of adequate material models and it can lead
to the best description of the each part of composite
casing. In relation to the tire composite casings, they are
the composites with reinforcing fibers and polymer
matrix called steel cord buffer, overlay buffer and
carcass plies. The contact between the vehicle and the
road is provided through the tire and its role is to
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transfer forces. Basic material — the matrix is a binder
and another component material has a firming effect
(reinforcement) [1].

It is important to define composite materials in order to
specify and utilize the individual material parameters
and then we can create the computational model of the
tire based on the given individual parametres.
Composites with reinforcing fibers and composites with
polymeric matrix are suitable to solve a given problem,
because they are strong and tough fibers implemented
into softer plastic matrix and by this way, the
enhancement of the material mechanical properties can
be gained. The given mechanical properties involve
strength, toughness, fatigue resistance and tenacity of
the composite. Elastomer degradation is caused by the
influence of atmospheric oxygen and it is called
oxidative aging. At normal temperatures and operating
conditions for automobile tires, this aging can be
observed after the long time. On average, it can be
recognized after 4-8 years of tire service. Degradation
of the rubber mixture is influenced by many factors and
for good evaluation, it is necessary to know the
chemical composition of the rubber compounds as well
as their mechanical properties. After receiving the
necessary information about rubber compounds, it is
possible to carry out the simulations of the selected
forms of degradation processes with the help of
software systems based on FEM [1].

Overview of the tests performed

The rubber compounds had been provided from the
production line of the tire casings and they were
subsequently homogenized by help of the laboratory
double cylinder at the temperature of 65-70 °C.
Samples were left for at least 24 h at room temperature.
We continued with determination of vulcanization
characteristics using the rheometer Monsanto 100 at
150 °C and vulcanization curve was recorded for
60 min. Prepared rubber compounds were left to
vulcanize by help of hydraulic press at 150 °C while the
pressure was 20 MPa and it lasted 30 min. After leaving
them for at least 16 h, the samples in form of double-
sided blades with size Al in accordance with ISO 37 [5]
were subsequently cut [2].

Static tensile tests

Tested samples in the form of double-sided blade were
pulled in uniaxial tension using the universal test
machine Hounsfield H20K-W. During the test, the
movement speed of jaws was 50 mm/min and
temperature was 23 + 2 °C. The values of strength and
elongation to the break are necessary for the following
evaluation of the required characteristics. The tensile
strength and elongation to the break were evaluated
parameters.

Hardness tests

The hardness was determined by indentation of the
indentor which is a part of durometer IRHD. The indented
depth of testing indentor pressed into the material was
measured according to ISO 48 [6]. Hardness value is
inversely proportional to the depth of indentation of the
tip, representing indentor, into the material and depends
on the elastic modulus and viscoelastic properties of the
material. Hardness was measured at 23+2 °C and five
tested samples were used and the thickness of each one
was 6 mm [2].

Experimental results and discussion

The tested samples were made of rubber compounds
which were blended 4 or more years ago. A significant
factor affecting the degradation is the impact of air
ozone which acts on the compound. Fig. 1 shows the
evaluated dependency of force on the elongation of
alluvial compounds with the specific designation as well
as with its year of the manufacture (for example
designation of sample B10 (2007) corresponds to rubber
compound labeled B10 and this compound was blended
in 2007). Material parameters of rubber compounds
before and after degradation aging are evaluated in
Table 1. For sample B10 (2007), it can be concluded
that the elongation to break of sample after degradation
was approx. 90 mm and the force 46 N stands for a
curve approaching the value of the new sample B10
(2010). For higher values of elongation to break, the
course of dependency is different in comparison to the
other samples [3]. Significant difference of Mooney-
Rivlin parameters can be seen in the Tab. 1.

Tab. 1 Elastomeric compounds before and after degradation aging
Tab. 1 Elastomérne zmesi pred a po degradacnom starnuti

sample |measured|measured d d d d c10’ cor’

number F [N] Al [mm] | E [MPa] [A0 [mm’]| 6 [MPa] | £[%] [MPa] [MPa]
B09 (2007)| 168.7 112.7 8.63 13.87 12.16 140.9 0.040 0.187
B10 (2007)| 152.0 203.6 4.65 12.84 11.84 254.5 0.025 0.597
B13 (2007)| 259.3 180.1 8.93 12.91 20.09 225.1 0.046 1.040
44 (2009) 238.7 220.1 6.81 12.76 18.71 275.1 0.523 0.304
B07 (2010)| 167.3 125.9 8.25 12.89 12.98 157.3 0.037 0.813
B08 (2010)| 169.3 114.1 8.48 13.99 12.11 142.7 0.037 0.863
B09 (2010)| 218.0 1777 7.08 13.88 15.72 222.1 0.035 0.136
B10 (2010)| 134.0 2193 3.81 12.84 10.44 274.1 0.019 0.231
B13 (2010)| 246.0 191.2 7.98 12.91 19.06 238.9 0.038 0.379
44 (2013) 305.6 217.8 7.75 14.50 21.09 2722 0.033 0.019

"Calculated Mooney-Rivlin parameters
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Fig. 1 Dependence of stress on the elongation to the break from the
static tensile test in uniaxial tension

Obr. 1 Zavislost' napitia od pomerného predizenia zo statickej skiisky
v tahu v jednoosej napétosti

The dependences of stress on the elongation to the break
of new samples as well as samples after aging were also
measured and evaluated. In Fig. 2, there are
the samples B13 (2007) and B13 (2010) which were
evaluated and the evaluation is based on mutual
comparison of parametres for these samples after and
before aging. Based on the comparison of these two
samples, there is significant difference in relation to the
parameters for new samples compared to the samples
after degradation. We can conclude that the change may
be caused by the impact of air ozone acting on the given
samples during the period of three years [3, 4].

Fig. 2 Dependence of stress on the strain for samples B13 (2010)
and B13 (2007)

Obr. 2 Zavislost' napitia od pomerného predizenia vzoriek B13 (2010)
a B13 (2007)

Cyclic loading test of specimens in tension

Experiment was focused on cyclic loading of the
selected compounds designated as B08 (2010),
44(2009) and 44 (2013). Samples in the form of double-
sided blades were tested in uniaxial tension by test
machine Hounsfield H20K-W. The sample was placed
into the clamps of device (Fig. 3), where for the first
tension, the initial value was 80 mm between the jaws

and the speed of movement of jaws was 50 mm/min.
Subsequently, the initial length of measurement at each
cycle was varied in the range + 0.25 mm due to the
impossibility to stop the machine precisely at the
desired length.

Fig. 3 Tested sample in clamps of testing machine
Obr. 3 Vzorka upevnena v ¢elustiach skiiSobného zariadenia

Evaluation of cyclic loading for samples designated
as B08 (2010), 44 (2009) and 44(2013)

In relation to the strain, the sample was tested for 10 %
(8 mm), 15% (12 mm) and 20% (16 mm) with the
reference to the initial values and five measurements
were performed for the each one cycle. These values
(strain) were selected because they are the closest
values in relation to the conditions in practice. The
each one cycle involved loading and releasing. After
clamping into jaws and after requested strain in
a given measured cycle, the sample was manually
stopped for about 30 seconds to print the outputs of
measured values from the testing machine in the form
of graphs. The distance between the clamps was
measured by sliding caliper gauge and this length
became the input starting point for the next cycle. The
sample was clamped in jaws during the whole
measurement throughout the all cycles.

From dependence of the force on elongation for samples
B08 (2010), 44 (2009) and 44 (2013), the dependence of
stress on strain during cyclic loading was evaluated.
Individual dependencies are shown in Figures 4 and 5.

Comparison of the measurement of rubber compound
BO08 (2010) represented by sample 1 and 2 showed that
the compounds are identical and course of the curves,
shown in the previous figures, is the same. This course
was expected because there was the assumption that it
was the same compound of the same composition as
well as year of production. In the Fig. 5, the compounds
44 (2009) and 44 (2013) of the same composition can be
seen but these compounds were not produced in the
same year. In relation to the comparison of these
compounds, there is the visible decrease of the stress
values under the influence of the degradation to which
the sample was exposed for 4 years.
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Fig. 4 Dependence of stress on the strain for samples B08 (2010)
under cyclic loading

Obr. 4 Zavislosti napitia od pomerného predizenia vzorky
B08 (2010)pri cyklickom zatazeni

Fig. 5 Dependence of stress on the strain for samples 44(2013) and 44
(2009) under cyclic loading

Obr. 5 Zavislosti napitia od pomerného predizenia vzorky 44(2013)
a 44 (2009) pri cyklickom zat'azeni

Conclusions

Based on performed experiments, it can be concluded
that aging process has a significant impact on the course
of stress-strain characteristics from the aspect of static
tensile tests. The methodology for cyclic loading of
clastomers for the tire casings was determined.
Measurement of the dependencies will continue for the
each one individual compound relating to the new
samples as well as the samples after aging. The results
will be also used for calculations of Mooney-Rivlin
parameters which will be the input data for calculations.
Wrong evaluation of the investigated material and other
characteristics can significantly affect their resulting
values used for the calculations in FEM. These results
are part of the research performed during the dissertation
work of the author of the paper and the dissertation
work is focused on ,,Verification of experimental results
of the selected material characteristics of rubber
compounds." On the basis of the results, the production
of alluvial compounds for tire casings can be improved
and it is also possible to propose measures leading to the
reduction of the impact of aging on the material
characteristics by changes of chemical composition of
rubber compounds.
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This paper deals with the study of various non-conventional fillers, which were selected in order to replace a certain
amount of conventional active fillers in rubber compounds. Investigation was connected with two types of fillers
which were based on fibers. The polypropylene fibers (PP) and polylactide fibers (PLA) were subjected to the
investigation process and the investigation of these two fibers was performed for the different amount which was
1 and 5 phr. Nowadays, the fibrous materials are quite popular subject of research because they offer such
properties which can be the contribution for the future development of the industry. In addition, these materials are
acceptable in the sphere of the environmental engineering because renewable raw materials are preferred including
agricultural products. The current state of the preparation of textile fiber materials is influenced by several factors,
such as technical, economic, environmental, qualitative and many others. Although the given factors have to be
taken into account, the properties of the given fibrous materials highly influence the selection of the material. The
paper is closely connected with measurement of vulcanization characteristics (minimum torque M;, maximum
torque My, time of start of vulcanization t, optimum vulcanization of tg, rate coefficient of vulcanization Ry).
Furthermore, the evaluation of the measured data in relation to non-vulcanized rubber compounds is also carried
out. Moreover, the physical and mechanical properties (tensile strength, tensibility, hardness) of resultant
vulcanizate were investigated. These characteristic features were compared to those which are typical for standard
rubber compounds used in the rubber industry while standard filler was carbon black of N339 type.

Keywords: polymeric materials, vulcanization characteristics, physical and mechanical properties, polypropylene
fibers, polylactide fibers

Prdaca sa zaobera Studiom vidkien vo funkcii plniva kaucukovych zmesi. Pridanim plniva sa vSeobecne menia
vSetky vlastnosti nevulkanizovanych zmesi, ale i vulkanizatov. Upravuje sa spracovatelnost zmesi, meni sa mernd
hmotnost vulkanizatov, pevnost, taznost, technicky modul, dynamické vlastnosti a podobne. Zlepsenie vlastnosti
vulkanizatu pridavkom plniva sa nazyva stuzenie, ¢im sa rozumie suhrn vetkych zmien viastnosti vulkanizatov
s pozitivnym ucinkom na vlastnosti vyrobkov. Rozsah stuzenia zavisi nielen od velkosti castic plniva, ale aj
od Struktury a aktivity jeho povrchu. Vsetky tieto charakteristiky ovplyviuju interakciu medzi kaucukom a povrchom
plniva. V praci boli pouzité dva druhy plniv na baze vidkien, a to polypropylénové viikna (PP) a polylaktidové
vidkna (PLA), ktoré boli pripravené v mnozstve ldsk a 5dsk. Z celosvetového hladiska su vidknité materialy vysoko
perspektivne pre budiici rozvoj priemyslu, pricom v sucasnosti sa presadzujii obnovitelné zdroje surovin napr.
polnohospodarske produkty. Sucasny stav vyroby na pripravu textilnych vidknitych materidlov je podmieneny
viacerymi faktormi a to technickymi, ekonomickymi, ekologickymi, kvalitou a inymi viastnostami. PLA je vhodnou
nahradou polymérov na bdze ropy pretoze sa vyraba z biomasy a ma vysoku biokompatibilitu a biodegraddciu. Vo
vsetkych gumarenskych zmesiach bol pouzity typ plniva kombinovany s pouzivanym aktivinym plnivom (sadze typu
N339).U pripravenych gumarenskych zmesi boli hodnotené reologické vlastnosti a vulkanizacné charakteristiky
(minimadlny krutiaci moment M;, maximalny krutiaci moment My, zaciatok vulkanizacie ts, optimalny Ccas
vulkanizacie tgy, koeficient rychlosti vulkanizacie Ry). U vyslednych vulkanizatov, pripravenych v tvare
obojstrannych lopatiek boli hodnotené fyzikalne a mechanické viastnosti (pevnost v tahu, taznost, tvrdost) v zmysle
platnych noriem. Tieto viastnosti boli porovnané so Standardnou gumarenskou zmesou, ktora obsahovala plnivo
sadze N339 a bola pripravena za rovnakych podmienok ako vsetky gumarenské zmesi.

Kracové slova: polymérne materidaly, vulkanizacné charakteristiky, fyzikdalne a mechanické vlastnosti,
polypropylénové viakna, polylaktidové vidkna

Fillers in rubber compounds are very important because ~ which represent the cut length of filament. Fillers help
they have significant affect on properties of compounds to improve the mechanical properties (such as strength,
and final product. In most cases, they are solid abrasion or wear resistance, toughness, and stiffness)
substances used in form of staple fiber or short fibers and they also improve the resistance to heat, fire,
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corrosion and aging and moreover, they affect the
appearance of products [1]. Efficiency of fillers depends
on the various parameters including the size of the filler
particles, their shape, dispersion and surface, surface
reactivity, structure of filler, ability of filler to form
bonds with the rubber matrix [2, 3].

Experiment

Experimental evaluation is focused on the physical and
mechanical properties of rubber compounds with an
addition of polylactide fibers (PLA) and polypropylene
fibres (PP).

The optical microscope LEICA was used for
preparations of images of PLA and PP fibers (Fig. 1, 2;
zoomed 200x).

Preparation and mixing of rubber compounds is one of
the most important processes of rubber technology. The
rubber compounds were prepared by two-step mixing in
laboratory mixer of type Brabender, and the procedure
was performed according to STN (Slovak Technical
Standard) [4]. The given process of the investigation
was performed under the special and determined
conditions where the temperature was 120 °C and a rate
of pinions rotation was 50 rpm/min. The rubber
compounds consisted of synthetic rubber (SBR), carbon
black of N339 type, polylactide fibers and
polypropylene fibers. Mixing relating to the first step
took 12 minutes. The second step of the preparation
process took 6 minutes and the temperature was 90 °C
while the sulphur was used as a vulcanization agent
which was added to the compounds. The mixed rubber
compounds were homogenized during the first and the
second steps in laboratory double-cylinder device.

Prepared rubber compounds were left for 24 hours at
laboratory temperature and then rheological properties
and vulcanization characteristics (M;, My, Ts», top R,)
were found out by vulcameter Monsanto 100 at the
temperature of 150 °C during 60 min and the given
mentioned procedure was performed according to
specifications in STN [5]. Obtained values of
vulcanization characteristics of rubber compounds
containing prepared fillers were compared with the
values of reference rubber compound.

Tensile properties were determined by help of tearing
machine INSTRON according to STN [6]. The tensile
strength, tensibility were evaluated properties. Hardness
of vulcanizate was measured by hardness tester IRHD
according to STN [7]. The measured values of model
rubber compounds were compared to standard rubber
compound.

200 pm
—_—

Fig. 1 Polylactide fibers
Obr. 1 Polylaktidové vlakna

Fig. 2 Polypropylene fibers
Obr. 2 Polypropylénové vlakna

Results and discussion

Effect of fillers (PLA, PP) on the course of the sulfur
vulcanization of rubber compounds was evaluated on
the basis of vulcanization characteristics (minimum
torque M;, maximum torque My, time of start of
vulcanization ¢, optimum time of vulcanization ¢y, rate
coefficient of vulcanization R,). Using vulcanization
curves, rheometric results based on evaluation of
vulcanization characteristics were obtained and
important parameters representing the vulcanization
process are summarized in Tab. 1. Graphical
presentations of the results relating to determination of
vulcanization characteristics are shown in Figs. 3, 4.

Tab. 1 Vulcanization characteristics of rubber compounds
Tab. 1 Vulkanizacné charakteristiky gumarenskych zmesi

M, | My t tog R,
[Nm] | [Nm] | [min] | [min] | [min]
S 69 | 298 | 76 16.8 10.9
1[phr] | 6.6 | 30.1 | 7.5 17.9 9.6
PLA
5[phr] | 6.5 33.1 7.6 | 43.0 2.8
1[phr] | 6.5 303 | 7.3 16.5 10.9
PP
5[phr] | 6.1 299 | 8.0 17.4 10.7

The values of maximum torque (Fig. 3) for rubber
compounds are lower in comparison to standard rubber
compound.
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MH (Nm)

S PLA 1 PP 1

Fig. 3 Maximum torque of rubber compounds
Obr. 3 Maximalny kratiaci moment gumarenskych zmesi

In comparison to standard compound, rubber compound
with addition of 5 phr of PLA exhibited the highest
value during the measurement of optimum time (Fig. 4)
of vulcanization and it could have a positive impact on
the quality of the resulting vulcanizate.

t90 (min)

s PLA 1 PP 1

Fig. 4 Optimum time of rubber compounds
Obr. 4 Optimalny ¢as gumarenskych zmesi

The selected physical and mechanical properties
(strength, tensibility, hardness) were tested and
evaluated in the case of the standard vulcanizate as well
as vulcanizates with content of fillers containing PLA
and PP. Effect of type and amount of the given filler
with PLA and PP on selected physical and mechanical
properties is presented in Tab. 2. Graphic images of the
results for important physical and mechanical properties
of vulcanizates are shown in Figs. 5 — 7.

Tab. 2 Physical and mechanical properties of resultant vulcanizates
Tab. 2 Fyzikalne a mechanické vlastnosti vyslednych vulkanizatov

Tensile strength | Tensibility | Hardness
[MPa] [%] [IRHD]

S 17.7 321.4 66

1 [phr] 16.6 289.0 70
IPLA|

5 [phr] 15.9 301.4 67
PP 1 [phr] 15.9 281.6 69

5 [phr] 14.3 252.4 75

Evaluation of measured tensile properties showed that
tensile strength (Fig. 5) of the added filler with 5 phr of
PP was lower significantly in comparison to standard
rubber compound.

TENSILE STRENGTH (MPa)

S PLA1 PP 1 PLAS PP 5

Fig. 5 Tensile strength of resultant vulcanizates
Obr. 5 Pevnost’ v t'ahu vyslednych vulkanizatov

Evaluation of measured values showed that tensibility
(Fig. 6) of the added fillers with PP or PLA in rubber
compounds was lower significantly in comparison to
standard rubber compound.

TENSIBILITY (%)

s PLA 1 PP 1 PLAS PP5

Fig. 6 Tensibility of resultant vulcanizates
Obr. 6 Taznost’ vyslednych vulkanizatov

In comparison with standard compound, the lower
values of hardness (Fig. 7) were measured for tested
rubber compounds and it means good integration of
fillers into the compound and good compatibility with
the rubber matrix.

HARDNESS (IRHD)

s PLA 1 PP 1 PLAS PP5

Fig. 7 Hardness of resultant vulcanizates
Obr. 7 Tvrdost’ vyslednych vulkanizatov

Conclusions

Vulcanization characteristics (minimum torque M;,
maximum torque My, time of start of vulcanization t;,
optimum time of vulcanization f,, rate coefficient of
vulcanization Rjy) and physical as well as mechanical
properties (tensile strength, tensibility, hardness) were
evaluated for resulting vulcanizates according to STN.
The obtained values of rubber compounds with the
addition of fibers based on PLA, PP were compared
with the characteristic features of standard rubber
compound.
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Effect of Structure of Knitted Fabric on the Transfer Properties

Vplyv vizby na transportné vlastnosti pletenin

Ing. Jela Legerska, PhD.!

'Alexander Dubéek University of Trenéin, Faculty of Industrial Technologies in Piichov, 1. Krasku 491/30, 020 01
Puchov, Slovak Republic

The properties of knitted fabrics should be able to ensure adequate state of comfort while wearing knitted garments.
In inhomogeneous knitted fabrics, this goal is influenced by the percentage ratio of the structure as well as the air
phase. The required shape and aesthetic properties are based on the structure of the knitted fabric. Air phase
ensures good insulation properties of knitted fabrics. In relation to the knitted fabrics, the impact of used structure
of the non-fibrous (air) ratio was evaluated in this paper. The evaluation was performed on the basis of the
measurement of the air permeability and porosity. The selected tests were performed for the assortment of knitted
fabrics with the different structure and different material composition. In this work, the properties of the knitted
fabrics were mutually compared. In addition to the investigation of the different knitted fabrics, the most suitable
structure of knitted fabric as well as the most suitable material composition was specified.

Keywords: structure of knitted fabrics, porosity of knitted fabrics, covering of knitted fabrics, filling of knitted
fabrics, air permeability

V praci sa zaoberame problematikou experimentilneho merania porovitosti a prestupu vzduchu pleteninami.
Analyzovali sme ako vplyva vizba a materidlové zlozenie pletenin na sledované vlastnosti. Materialom skumanym
v nasej prdaci boli zatazné pleteniny patriace medzi mdkké tvarovo prisposobivé materialy zachovavajiuce volnost
a pohodilnost pohybu. Clenitost ich povrchovej struktiry spésobuje, Ze sa pletenina ani pri vysokej vihkosti nelepi
na pokozku a dobre odvadza vihkost. Pri zachovani potrebnej hrubky tiez dobre izoluje teplo. Spolocnym cielom
vlastnosti tychto nehomogénnych pletenin je dosiahnutie stavu pohodlia pri noseni odevov. Tento ciel je ovplyvneny
percentudlnym pomerom vizbovej a vzduchovej fazy obsiahnutej v pletenine. Pricom vizba dodava pletenine
potrebné uzitkové a estetické viastnosti. Vzduchovad faza zabezpecuje pletenine dobré prestupové a izolacné
viastnosti. Hladanie vyvazeného pomeru medzi obidvoma zlozkami bolo tiez predmetom tohto prispevku. Bol tu
hodnoteny vplyv pouZitej vizby na obsah nevidknového podielu — vzduchu v pletenine. Hodnotenie sa robilo na
zaklade merania prestup vzduchu na pristroji FF 12, plosnej porovitosti prostrednictvom Obrazovej analyzy Nis
Element a vypocte objemovej porovitosti. Vysledky merani objemovej porovitosti a plosnej porovitosti su rozne
a dost tazko porovnatelné. Kazdy sposob vsak vnasa iny pohlad na sledované vlastnosti. Hladala sa tiez zavislost
medzi porovitostou a prestupom vzduchu pleteninou. Rozna vdzba a materidlové zlozenie zataznych pletenin do
znacnej miery vplyvalo na sledované vlastnosti. Na zaver bol uskutocneny vyber optimdalnej pletiarskej vizbovej
techniky a materidalového zlozenia skusanych pletenin. Ako najvhodnejsie boli vybrané pletiarske vizby
s wtiahnutymi ockami (vz. 1, 3, 6).Vizba bude dobre transportovat’ vlhkost od pokozky cez odev do prostredia
a dobre izolovat teplo medzi pokozkou a prvou odevnou vrstvou. Na zdaklade materialového zlozenia sa vybrali ako
najvhodnejsie vz. 4 a 5 s podstatne viacsou hrubkou a objemovou porovitostou a nizsou plosSnou porovitostou.

Krucové slova: vizba pleteniny, porovitost pleteniny, zakrytie pleteniny, zaplnenie pleteniny, prestup vzduchu

Knitted fabrics are soft shape-adaptive materials which
have to provide convenient and free movement.
Irregular surface structure causes that the knitted fabric
has a low adhesion even at high humidity and it is able
to transfer humidity from the skin. Knitted fabric
insulates heat when the required thickness is preserved.
The determining factor relating to the inhomogeneous
knitted fabrics is based on the achievement of comfort.
This comfort is influenced by the percentage ratio of the
volume as well as air phase in the knitted fabric. It is
necessary to point out that the structure stands for the
required shape and aesthetic properties of the knitted
fabric. The air phase provides good transfer of the
various media and it also provides the insulation
properties. The main aim of the given paper is to find

the adequate ratio in relation to the structure and air
phase. The influence of the used structure of the knitted
fabric on the volume of the non-fibrous ratio was
evaluated (evaluation of the air in the knitted fabric).
The mentioned evaluation was performed on the basis
of the air transfer and porosity. In this paper, Nis
Element image analysis was used for measurement of
the porosity and FF12 device was used for measurement
of permeability. The results of measurements are
different but each method represents a different view in
relation to the monitored property. The aim of this paper
is connected with a comparison of inhomogeneous
properties of knitted fabrics. The selected tests were
performed for the assortment of knitted fabrics with the
different structure and with the different material
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composition. We investigated the correlation between
porosity and air flow speed of knitted fabric. In
addition, on the basis of the investigation, the most
suitable structure of knitted fabric as well as material
composition was specified.

Experimental part
Methods

Evaluation of the bulk porosity was based on the 3D
model for knitted fabric. The values of weight per
square meter, thickness values and density values from
the table were determined as the initial values for
calculation of the bulk porosity. The filling value
represents the opposite value of the bulk porosity value
in relation to the knitted fabric. The calculation of the
bulk porosity can be done according to the equation [1]:

2 =221 100 [%] D

vi

p=100 - % @

where u is filling of knitted fabrics, p,,; is specific bulk
weight of knitted fabrics, p,, is packing density of fibers,
p s porosity of knitted fabrics.

Measurement of the surface porosity is based on the 2D
model for knitted fabric and it is expressed as the ratio
number between structure and air phase and it is in the
range from O to 1 or from 0 % to 100 %. The porosity
value represents the opposite value of the covering
structure for knitted fabric. The measurements were
based on the light transmittance through the air phase of
knitted fabric (Nis Element image analysis) [2]. It was
measured on the basis of the ratio between the surface
of pore (4,) and surface of image (4,). The third
dimension of knitted fabric — thickness was not taken
into account during the measurements. Besides the
value of the porosity, the distribution, the number and
size of the pores in the knitted fabric were also
measured. Expression of surface porosity in relation to

the covering is determined from the following
relationship:
A
p="2.100 6] @
AO
z=100-p [%] “)

where z is surface covering for knitted fabrics.

Measurement of the amount of air permeability through
the knitted fabrics — Q [Lhour'] has been performed
with help of the FF 12 device [6]. The measured values
of O were calculated in order to obtain air flow speed —
R. The calculation was done according to the equation:

o 1 )

R==.— [cm.s_l]
A 3.6

where R is the air flow speed [cm.s"], 4 is tested area

[20 cm™], 1/3.6 is calculation factor of [l.hour.cm™] to

[cm.s™].

Materials

Measurement of the porosity and air permeability has
been performed using assortment of jersey knitted
fabrics (see Fig. 1). These jersey knitted fabrics are
designed in such a way that they can be used for
production of T-shirts and other assortment of upper
garments. Knitted fabrics are mostly in direct contact
with the skin of the wearer. The higher porosity values
of knitted fabric can improve the thermal-insulation
properties (needed for winter clothing) and they can
increase the speed of moisture transfer from the skin
(needed for winter and summer clothing).

Tab. 1 Parameters of jersey knitting fabrics
Tab. 1 Parametre zat'aznych pletenin

. Ps Py
n. Material B B
! [kg.m?] | [ke.m?
1 100% PP 119 186
2 98% PP, 2% elastic 107 202
3 50% PP micro, 50% PP 98 136
4 50% PP, 50% cotton 179 140
5 50% wool, 50% PP 156 137
6 100% PP 116 181
7 100% PP 96 181
8 100% PP 133 190
| 2 3
4 5 6
7 8

Fig. 1 Structure of jersey knitted fabrics
Obr. 1 Vizby zataznych pletenin

Knitted fabrics were made with help of the rib knitting
machine. All measured knitted fabrics were made in
such a way to represent jersey knitted fabrics [3] and
they can be seen in Fig. 1. Samples designated as 1, 3, 6
have pulled loops to the outside in each fourth line.
Every second needle of the machine operates in the
front rib and all needles operate in the back rib. There
was some deformation in relation to the structure of
knitted fabric because loops are pulled out at the
expense of the supplementary loops of kitted fabric.
Change in shape of the knitted fabric is reflected in all
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directions. The knitted fabric structure is airy, open and
leisure. Knitted fabric designated as 2 is known as the
transverse waves. The structure of knitted fabric is
produced by interruption of all needles in the rear rib (in
our case, after knitting of four lines). In terms of the
front rib, the number of lines is increased by 3 knitted
lines while the operation of the rear rib is interrupted. In
relation to the structure of knitted fabrics, jersey double
and jersey single lines are combined in this way.
Structure of knitted fabrics is characterized by strength,
elongation reduced in the line and good thermal-
insulation [3]. Samples with designation of 4 and 5 had
structure as velour with dense loops on the reverse side.
Besides the base yarn, additional yarns were also used
to create loops. Structure of the given knitted fabric is
relatively thick, soft and good from the aspect of the
thermal-insulation. Velour knitted fabric is significantly
different from the other samples. Sample designated
as 7 represents ribbed jersey knitted fabric. In relation to
the manufacturing procedure, there are 4 operating
needles and 2 non-operating needles in the front rip of
the rib knitting machine while all the needles in the rear
rib are operating. The structure of the knitted fabrics has
a higher packing density, softness and thermal-
insulation compared to single-ribbed knitted fabric. The
sample of 8 is double jersey knitted fabric. Two separate
structures of knitted fabrics are connected alternately in
sinker part of loop in each third line. The mutual
connection of yarns (from right side to the reverse side)
allows each yarn to return to the initial rib. Double
jersey knitted fabric can be understood as combination
of all advantages of in single and double jersey knitted
structure. The structure has a lower expansion, higher
thickness and stable shape [3].

Results and discussion
Measurement permeability of air

During an experimental evaluation of air permeability
for knitted fabric, the value of pressure-difference
(Ap =50 Pa) was set for the measuring device [6]. The
air flow speed (R) [cm.s"] through the areas between
the structure points in the knitting fabric is the result of
the measurement. On the basis of measurements, it can
be concluded that the resultant flow of air is closely
connected with the relationship between pressure
gradient and air flow speed. In relation to the air
permeability, there were the following changes during
measurements [4]:

- the bulging and undesired shaping of knitted fabric
and it is dependent on the material composition and
structure,

- the movement of the free interconnected yarns in
structure and it causes the change of shape of pores
and moreover, there is also the increase of air flow,

- the change of the position of the protruded fibers
which are close imposed to the yarn because of
air flow.

These mentioned deformation changes can significantly
distort the results of measurements of air permeability
and they have to be taken into account mainly in the
case of the knitted fabrics. According to the mentioned
facts, it can be pointed out that the simple quantitative
expression of porosity based on the air transfer is
insufficient.

Measurement of porosity

The size of the pores, their distribution throughout the
pattern repeat of the knitted structures is also important
in relation to the evaluation and therefore, Nis Element
image analysis is used. A lot of scientific disciplines use
image analyses for wverification or acquisition of
information about structure and properties of
investigated objects. The Image processing is defined
as: “computerized routines for information extraction
from remotely sensed images to obtain categories of
information about specific features” [5]. The quality of
visual information is based on the quality of the image.
Therefore, sensing of image plays very important role in
the image processing. In relation to the image
processing, the images can be incorrect or wrong in
some cases and it can be because of low resolution,
noise or inhomogeneous or blurred background.
However, these defects or incorrectness can be
eliminated by the appropriate and known procedures in
relation to the program system. The segmentation is the
one of the methods used for information extraction in
order to split an image up into segments or regions
exhibiting distinguishable properties when these
properties are compared to the surrounding neighbours.
Segmentation of an image is based on the several
techniques, such as thresholding, edge finding, binary
mathematical morphology or grey-value mathematical
morphology. From the aspect of the covering factor,
tresholing plays important role for evaluation of the
other structural characteristics of knitted fabrics, such as
the areas of treads or pores, number, size and shape
of pores.

The disadvantage of the mentioned method is that the
image threshold is based on the subjective point of
view. In relation to our investigation, the threshold
value of 120 was chosen according to the histogram of
grey. In relation to the image analysis, the microscope,
the CCD camera and Nis Element software were used
for performance of the investigation while the
conditions for settings were as follows: image area (A4,)
was 29212.04 um’, the mean intensity of exposure was
233, offset was 0, gamma was 0.75, saturation was 1,
format for active image was1280x1024 px, RGB value
was 1 / 1/ 1.8 (red, green, blue). The areas of single
inter-yarns pores were measured and the distribution of
pore size was monitored. The resulting values of the
measurements are presented in the Tab. 2 and 3.
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Tab. 2 Experimental data of the air permeability (Q) and calculated
values of the air flow speed (R) according to the formula (5)

Tab. 2 Experimentalne hodnoty prestupu vzduchu Q a vypocitané
hodnoty rychlosti prechodu vzduchu R podla vztahu (5)

n | Qe | Vi L 1S, R

[Lh™] [%] [Lh™'] lower/upper [em.s™']
1 4435 7.79 4280/4590 61.60
2 3983 5.41 3886/4079 55.31
3 6855 2.43 6780/6930 95.21
4 3067 10.02 2929/3204 42.60
5 4930 3.61 4850/5010 68.47
6 6235 4.75 6234/9736 86.60
7 5430 6.24 5278/5582 75.42
8 5275 4.26 5175/5375 73.26

Tab. 3 Experimental data of the areas and size of pores
Tab. 3 Experimentalne hodnoty plochy a velkosti porov

n A, [nm?] Number of pores
" | min max middle min | max middle

1 224 607 459 41 119 75
2 172 991 550 24 89 54
3 893 1207 1018 32 16 91
4 | 0.04 227 24 0 9 3
5 5 354 83 1 41 18
6 962 2908 1790 25 118 68
7 5 809 263 1 69 24
8 30 471 207 5 38 17

1 2 3

4 5 6

7 8

Fig. 2 Binary images of knitted fabrics
Obr. 2 Binarne obrazy pletenin

The binary images (Fig. 2) have a high informative
value about porosity and are in the accordance with the
measured values. The average value of porosity was
obtained on the basis of 50 measurements.

Calculation of the bulk porosity and filling

The values of porosity and covering (Tab. 4) were
calculated on the basis of the relationships (3), (4) and
values of filling and bulk porosity (Tab.5) were
calculated according to the relationships (1), (2).
Besides the calculated values of the filling and bulk

porosity, the values of the thickness of the knitted
fabrics are also presented in Tab. 5. The measured
values of specific bulk weight of knitted fabrics (see.
Tab. 1) and tabulated values of packing density were
used for calculating.

Tab. 4 Values of the porosity and covering calculated according to the
equations (3), (4)
Tab. 4 Hodnoty porovitosti a zakrytia vypoc¢itané podl'a vztahov

(3) @

o y/ v, 1S, z

[%] [%] [%)] lower/upper [%]
1 1.57 31.92 1.43/1.71 98.43
2 1.88 3.96 1.67/2.09 98.12
3 3.49 26.71 4.47/2.5 96.51
4 0.08 83.3 0.06/0.1 99.92
5 0.28 91.91 0.21/0.35 99.72
6 6.13 25.2 5.69/6.57 93.87
7 0.90 9.0 0.69/1.13 99.1
8 0.71 66.97 0.57/0.84 99.29

Tab. 5 The calculated values of bulk porosity and filling according
to the equation (1), (2) and measured values of thickness of
knitted fabrics

Tab. 5 Vypocitané hodnoty objemovej porovitosti a zaplnenia podla
vztahu (1), (2) a merané hodnoty hrubky pletenin

n. p 1%] u %] h [mm]
1 79 21 0.64
2 78 22 0.53
3 85 15 0.72
4 89 11 1.28
5 88 12 1.14
6 80 20 0.64
7 80 20 0.53
8 79 21 0.70

This paper shows measurements of properties of knitted
fabrics. Results of measurements relating to air
permeability and surface and bulk porosity were
compared. Correlation dependences show the significant
tightness between the monitored properties (Fig. 3, 4).
Porosity growth increased amount of air passing
through the knitted fabric. The investigation shows that
open structure of knitted fabric has influence on the
measurement of air permeability and this influence can
be mainly observed for knitted fabrics which were
designated as samples of 1, 3, 6, 7 — these samples show
less thickness and free structure. It is necessary to point
out that the inaccuracy in the measurements of air
permeability has to be taken into account. The structure
of knitted fabrics also influenced the measurements of
surface porosity. In relation to the all investigated
knitted fabrics, the loop was used as the basic or initial
constituent element in the structure. The increase of the
length of yarn of the loop (samples of 1, 2, 3, 6) leads to
the increase of the surface porosity. Samples of 4, 5
representing velour structure have higher thickness and
inner pores. Therefore, the measurement of surface
porosity by image analysis method is not suitable as
well as inaccurate in this case. The use of cotton and
wool fibers in these velour structures had also influence
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on the increase of their thickness. The rib double jersey
structure was represented by the sample of 7. This
mentioned structure was tightly closed and therefore, it
has a low surface porosity. Sample of 8 composed of
two knitted fabrics connected together with the sinker
loop also exhibited the low a surface porosity because
these two connected knitted fabrics covered up the
pores. Content of 50 % PP microfibers in the sample
of 3 increased its areal porosity and thus the thermal
insulation properties were increased too. Sample of 3
consisted of 50 % polypropylene microfibre which
increased the surface porosity and thus thermal-
insulation properties were increased too. The results of
measurements of the bulk porosity are not comparable
to the values of surface porosity. The numerical values
of the bulk porosity can be considered as objective and
accurate on the basis of a comparison to the literary
resources [7]. They are mostly influenced by the
thickness of knitted fabric. The bulk porosity increases
with the increasing thickness of knitted fabric. From
measurements of surface porosity, we can observe
images for porous jersey knitted fabric (Fig.2).
Furthermore, we can also recognize the value of the
number of pores as well as their size (Tab. 3) and these
mentioned graphical and numerical values and results
are more valuable than results referring to measurement
of surface porosity.

Fig. 3 Correlation dependency between the measurements of air
permeability and surface porosity (Nis Element) of knitted
fabrics

Obr. 3 Korela¢na zavislost’ medzi prestupom vzduchu
a plosnou porovitostou (Nis Element) pletenin.

Fig. 4 Correlation dependency between the air permeability and bulk
porosity of knitted fabrics

Obr. 4 Korela¢na zavislost’ medzi prestupom vzduchu
a objemovou porovitost'ou pletenin

Conclusions
The results of measurements of porosity and air

permeability for the jersey knitted fabrics can be
expressed in the following conclusions:

- Based on the measurements and results of image
analysis, the increase of the surface porosity as well
as the increase of the bulk porosity leads to the
increase of the air permeability of knitted fabric
(Fig. 3, 4).

- Measurements of surface porosity are not comparable
to those of the bulk porosity (tab. 4, 5).

- The numerical values of the bulk porosity are in the
range from 78 to 88 % and they are comparable to
the tabular literary values [7].

- The significant influence of structure of knitted
fabrics and material composition on the bulk porosity
and filling was observed in the case of velour jersey
knitted fabrics (samples designated as4, 5). In
relation to these knitted fabrics, the higher thickness
led to the increase of the bulk porosity but there was
the decrease of air permeability. In relation to these
knitted fabrics, the results of measurements of
surface porosity are not real.

- The content of polypropylene microfibbers in a
mixture leads to the increase of the covering surface
and bulk porosity as well as air permeability of
knitted fabric and it means that there is an increase of
the thermo-insulation properties.

- Measurement of surface porosity can be understood
as valuable because of the image outputs giving
accurate information about the pore surface, their
number as well as their arrangement in the knitted
fabric.

- The structure of knitted fabric where the loops are
pulled out (samples of 3, 6) exhibits the most suitable
results and it means that structure shows good
transfer of moisture and it also has the perfect heat
insulation.
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The Coefficient Influence of Knitted Fabric Packing Density on the Thermal
Resistance and Resistance to Water Vapour

Vplyv koeficientu zaplnenia pleteniny na tepelni odolnost’ a odolnost’ proti
vodnym param

doc. Ing. Pavol Lizik, PhD.', Ing. Anton Schlosser', Ing. Dubomir Zila'

'Alexander Dubéek University of Trenéin, Faculty of Industrial Technologies in Piichov, 1. Krasku 491/30, 020 01
Puchov, Slovak Republic

In our work, we deal with the influence of knitted fabric packing density on the thermal resistance and resistance to
water vapour. The coefficient of knitted fabric packing density is influenced by the structure of the yarn used during
its production and by the yarn structure itself. All these factors influence not only coefficient of filling but also other
final knitted fabric properties. In our work we pay attention to the influence of these parameters on the thermal-
physiological comfort. Thermo-regulation and humidity escape, belonging to thermal - physiological comfort, can
be expressed by thermal resistance and resistance to water vapour. The textile materials differ one from another
not only on the basis of the different kinds of fibres used for their production but the difference is also based on the
way of mutual fibres arrangement and it is based on the influence by the structure and knitted fabric fineness.

Keywords: knitted fabric, packing density, comfort, thermal resistance, resistance to water vapour

V praci sa zaoberame problematikou vplyvu koeficientu zaplnenia pleteniny na tepelnii odolnost a odolnost proti
vodnym param. Koeficient zaplnenia pleteniny je ovplyviiovany Strukturou priadze pouZitej na jej vyrobu
a Strukturou samotnej pleteniny. Vsetky tieto faktory ovplyviiuju nie len koeficient zaplnenia ale aj dalsie vysledné
vilastnosti pleteniny. V nasej praci sa sustredujeme na vplyv tychto parametrov na termo-fyziologicky komfort. Do
oblasti termo-fyziologického komfortu patri aj termoreguldcia a odvod vihkosti, ¢o mézZeme vyjadrit tepelnou
odolnostou a odolnostou proti vodnym param. Termoregulacny systém udrziava rovnovahu medzi teplotou pokozky
a prostredim. Tam, kde uz termoregulacny systém nie je schopny sam plnit’ svoju funkciu, nastupuje na pomoc odev
napr. z pleteniny ako prostriedok ochrany organizmu pred prostredim. Zakladnou funkciou pleteného odevu od
zaciatku jeho existencie je funkcia ochranna. Tato funkcia bola urcovana prirodnymi podmienkami a tieto urcovali
rozvoj a spracovanie pouzivanych materidlov. Textilné materialy sa od seba odlisuju nielen odlisnym druhom
vidkien pouzitych na ich vyrobu ale najmd sposobom vzajomného usporiadania vidkien, co ovplyviuje hlavne vizba
a jemnost' pleteniny. Cielom tejto prace bolo posudit ovplyviiovanie tepelnej odolnosti a odolnosti proti vodnym
param v zavislosti na koeficiente zaplnenia pleteniny vyrobenej s POP vidkien. Takéto materidly sa pouzivaju na
vyrobu Sportovych odevov, pri ktorych je prave termo-fyziologicky komfort jednym z najdaélezitejsich faktorov. Popis
Struktury pleteniny je velmi zlozitda problematika. Z tohto dévodu sa niekedy vytvara urcity model ocka a z neho je
snaha matematicky vyjadrit krivku nite, ktorou je ocko tvorené. Nit' v ocku je vsak velmi zlozita priestorova krivka
ajej zakonitosti je velmi zlozité vystihnut. V prdci sme pouzili postup, pri ktorom sme porovnavali koeficient
zaplnenia objemu pleteniny polypropylénom a vplyv tohto zaplnenia na termo-fyziologicky komfort vyjadreny
tepelnou odolnostou a odolnostou proti vodnym param.

Kracové slova: pletenina, zaplnenie, komfort, tepelna odolnost, odolnost voci vodnym param

Knitted fabrics are often used for the production of
clothes - mainly underwear and free time activities
clothes. It is the comfort which is very important for
underwear, sports clothes and similar clothes production
[1]. Clothing comfort means good feelings and comfort
during wearing and physiological functions of organism
are in optimum. Ideal state of human body is connected
with the basal metabolism. Human (healthy, hungry and
undressed) in a horizontal position, at climatic conditions
(T =20 °C, ¢ = 65 %), has no feeling of cold or hot.
There is only minimal substance transformation under
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these mentioned conditions, which are necessary for
keeping the function of organs [2].

Clothing comfort is divided into:

1) functional — the influences which are given mainly
by properties of fabric and by the construction;

a) sensoric
b) pathophysiological
¢) thermo-physiological;
2) psychological — individuality of human, cultural and
social influences

a) climatic conditions
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b) traditions, customs, religions
c) age, education, social class
d) fashion, colours, trends

The clothing comfort is influenced by many processes,
such as physical processes (the transport of heat and
humidity into the clothes as well as mechanical action
between the clothing and skin), physiological processes
(the metabolic processes and heat balance conservation
by the  help of thermoregulatory actions),
neurophysiological processes (the sensory perceptions
obtained by skin, sight, etc.) and psychological
processes (the processes in brain, which analyse a total
sense on basis of previous information) [3].

In tab. 1, we can see physiological, psychological and
physical harmony between human and environment.

Tab. 1 Comfort harmony between human and environment
Tab. 1 Harmonicky komfort medzi ¢lovekom a prostredim

0.8 —2 [mm)]

0.11 — 0.4 [kg/m?]
14— 22 [J/m*s.K]
0.44 — 0.7 [g/m*.s.bar]
10 — 100 [m*/m’.s]

Thickness

Area weight

Thermal permeability

Moisture permeability

Air permeability

Optimal comfort conditions are when the skin
temperature is 33 — 35 °C, relative humidity near skin is
25 + 10 %, air rate near skin is 25 + 10 cm.s” and there
is not liquid water on skin. Discomfort is when 25 % of
skin surface is covered by sweat. Complex action is
action of humidity at which there is swelling of
hydrophilic fibres, porosity decrease, decrease of
permeability of air and humidity through textiles and it
cause the increase of the thermal conductivity.

The knitted fabric density is one of the most important
properties because it can be easily influenced by the
technology and it is the result of the basic technological
parameters and the way of production. Density is also
the property which influences other properties in a large
scale. However, in spite of this, the expression of
knitted fabric density is not unambiguous and uniform.
From the physical point of view, the density means the
amount of mass of given substance in unit volume. In
the technology of knitting, the density has to correspond
to percept conception. There are several systems of
density expression [3]:

a) linear density expression represents the system which
arises from loop length, however it does not
correspond to the percept conception where we have
to take in consideration also the thread thickness.
This type of expression is usable only with certain
types of knitted fabrics. In relation to the more
complicated knitted fabrics, expression does not
correspond to percept conception.

b

~—~

square density expression can be defined as the
packing density of the knitted fabric area by the
structure elements. The total density is expressed by
the product of columns density and courses density
on water. This expression has mainly technological

importance. It corresponds to percept conception
only when the knitted fabric is created by the threads
of the same diameter.

¢) volume density expression stands for packing density
of knitted fabric volume by processing thread. It is
more advantageous and it is more favorable for
majority of knitted fabrics. It corresponds to percept
conception provided with the respect to the knitted
fabric thickness.

d) mass expression of density corresponds to a certain
scale with the motion of density. Knitted fabric
density can be defined as the ratio of density and
volume. This expression is suitable mainly for the
plastic knitted fabrics where previous procedures are
difficult to be use.

Fibres density in the fibrous textile structure is
characterized by the ratio of the total space of knitted
fabric which is filled by fibres volume packing
density [4, 5].

Packing density is a dimensionless quantity residing in
the interval (0,1). In our work we were identifying the
influence of the packing density characterized by the
share of polypropylene polymer in the knitted fabric
volume on the thermal physiological comfort. The
measurements were performed for polypropylene
knitted fabrics used for the production of sports and
free-time activities clothes. The knitted fabrics were
made of profiled polypropylene fibres which are made
by company Chemosvit Fibrochem Inc. Svit. The square
mass and the knitted fabric thickness were defined for
the measured samples and with the help of these
obtained data, the specific mass of the knitted fabric was
defined too. The ratio between specific mass of the
knitted fabric and specific mass of polypropylene is
given by the coefficient of packing density. After
measuring of thermal resistance and resistance to water
vapour, it is possible to define the dependence of given
quantity on the coefficient of packing density.

Experiment
Material

Polypropylene knitted fabrics which differ by used
structure and also square mass were used for
experiments. The surface structure was also different
to be possible to compare appropriateness of given
procedure in relation to different type of structure. The
variety of surface structures are introduced hereinafter
using the image from the image analyses Lucia (Fig. 1-

Fig. 2 Sample 2
Obr. 2 Vzorka 2

Obr. 1 Vzorka 1
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Fig. 4 Sample 4
Obr. 4 Vzorka 4

Fig. 3 Sample 3
Obr. 3 Vzorka 3

Sample 1 — Weft both-sided knitwear, rib stitch 1:1 with
the decreased out — ripping secured by grasping loops.

Sample 2 — Weft both-sided knitwear with plastic rib
pattern 2:2.

Sample 3 — Weft both-sided knitwear with rib pattern 4:2.

Sample 4 — Double knitwear created by joining of two
jerseys with the help of grasping loop.

Methods and apparatuses

We defined square mass m, [g.m?] for the material
samples by weighing and we also measured the knitted
fabric thickness # [mm]. From the given values it is
possible to calculate specific knitted structure thickness
Pl [kg.m>]. The coefficient of knitted fabric packing
density by polypropylene fibres can by calculated by
relation:

Pai

u=— (1)

Py
Specific mass of fibre forming polypropylene p, is
980 [kg.m™].

Thermal resistance

Thermal resistance R, is the difference of the
temperatures between two surfaces of material divided
by resulting thermal flow on the surface unit in the
gradients direction. This flow of dry heat can have
conductive, conventional and radiant component or only
some of these mentioned components. Thermal
resistance R., expressed in [m>K.W™] is the property
specific for textile materials or stratified compositions
which is connected with the regulation of the dry heat
flow on the given area corresponding to stable
heat gradient.

Heat resistance R, is defined in the following way - heat
resistance of marginal air layer above the surface of
testing devices is deducted from heat resistance of
testing sample and marginal air layer above it, both are
measured in the equal conditions according to formula:

(T, —T.}. A
=g g “Ree @
where T,, is the temperature of measuring unit [°C],
T, is the air temperature in the experimental space [°C],
A is the area of measuring unit [m™], H is a heating
input transported to measuring unit [W], 4H, is
acorrecting element for heating input by the

measurement of heat resistance, R, is the constant of
. 2 -1
apparatus on heat resistance measurement [m . K.W™].

Resistance to water vapour R,, is the difference of water
vapour pressure between surfaces of material divided by
resulting evaporating thermal flow on the unit of area in
the gradient direction.

Evaporating flow can consist of diffuse and
conventional component. Resistance to water vapour R,
expressed in [m?.Pa.W™'] is a specific property for
textile materials or composites which defines latent
evaporating thermal flow running across given area and
corresponding to stable water vapour gradient. To
define resistance to water vapour, the electric heated
plate is covered by membrane which leaks vapour, but
not water. For testing sample located on a membrane,
the thermal flow is necessary for keeping constant
temperature on the plate by the measure of the vapour
water speed and based on these data, the sample
resistance to vapours is defined:

(pm —pa)- A

€= T g aHe | Reto (3

where p,, is a balanced partial pressure of water vapours
on the surface of measuring unit [Pa], p, is a partial
pressure in the air in the testing area [Pa], 4 is the area
of measuring unit [m™], H is a heating input given to
measuring unit [W], 4H, is a correcting element for
heating input by measurement of resistance to water
vapour, R, is an apparatus constant for measurement of

resistance to water vapours [m~=.Pa.W™].

Results and discussion

Resulting values of individual knitted fabric samples
and their coefficient of packing density are introduced

in the Tab. 2.

Tab. 2 Parameters for individual knitted fabric samples
Tab. 2 Parametre jednotlivych vzoriek pleteniny

sample [mhm] [gT:'z] [kg‘?;‘l’3] [kgl.arvn'3] [01:1]
1 |0.668 [113.027 | 169.202 | 980 | 0.172
2 |0.898 | 131.333 | 146.250 | 980 | 0.149
3 10.533/100.889 | 189.285 | 980 | 0.193
4 | 067 136224 ] 203319 | 980 | 0.207
. o - " I
o » B o1 1 R
o w 100 o S
- -
= e = =Y

Fi

—

g. 5 Packing density coefficient of parameters for individual knitted
fabric samples
Obr. 5 Koeficient zaplnenia jednotlivych vzoriek pleteniny

117



Recenzované vyzkumné clanky
Peer-reviewed research papers

Hutnické listy ¢. 3/2014, ro¢. LXVII
ISSN 0018-8069

In the Tab. 3, the thermal resistance values for
individual kinds of knitted fabrics are introduced. Graph
displays the dependence of thermal resistance on
packing density coefficient (Fig. 6).

Tab. 3 Thermal resistance and coefficient of packing density
Tab. 3 Tepelna odolnost a koeficient zaplnenia

sample [m‘z.lI%.tW'l] [0?1]
1 0.003 0.172
2 0.025 0.149
3 0.011 0.193
4 0.014 0.207

Fig. 6 Coefficient of packing density influence on thermal resistance
Obr. 6 Vplyv koeficientu zaplnenia na tepelnt odolnost’

In the Tab. 4, there are the values of resistance to water
vapour for the individual kinds of knitted fabrics. The
graph displays the dependence of water vapour
resistance to water vapour on packing density
coefficient (Fig.7)

Tab. 4 Resistance to water vapours and packing density coefficient
Tab. 4 Odolnost’ proti vodnym param a koeficient zaplnenia

sample [m'z.lr};t.w"] [01,11]
1 7.07 0.172
2 16.88 0.149
3 8.87 0.193
4 10.44 0.207

Fig. 7 Coefficient packing density influence on the resistance to water
vapour
Obr. 7 Vplyv koeficientu zaplnenia na odolnost’ proti vodnym param
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Conclusions

As we can see from the results of thermal resistance
dependence on packing density coefficient and
resistance to water vapour (Fig. 7), knitted fabric
structure has the impact on the thermo-physiological
properties. Knitted fabric structure can be also
expressed by packing density coefficient because the
values standing for the thermal resistance and resistance
to water vapour are increased along with the increasing
packing density coefficient.

Based on the evaluation of the measured values, we can
conclude that one of knitted fabrics does not show the
supposed dependence (sample 2) because the fibres
distribution in the knitted fabric volume is strongly
influenced by the rib structure. This dependence can be
supposed only for the knitted fabrics which have even
special fibres distribution and surface structure. In
relation to the rib structure (sample 2), the ribs strongly
influence the knitted fabric thickness as well as the
knitted fabric packing density coefficient. In the case of
very broken knitted fabrics, it is not possible to use
standard measured thickness for the calculation of
specific thickness. However it would be possible to set a
mean thickness from the cross-section.
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Physiological Function in the Clothing Design

Fyziologicka funkcia v odevnom dizajne
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Puchov, Slovak Republic

More and more scientific, technical and artistic disciplines are combined in the design. At the beginning, there is an
inspiration and notion of each designer and the result of this idea is connected with creation of the product
representing innovative ideas, well-designed shape, effective content and all these mentioned approaches
correspond to practical application. In the clothing design, it is important to combine the beauty, elegance and
functionality. The cloth should correspond to the requirements of the comfort. Optimal choice of material and good
quality of technical treatment should be also in a harmony with the color, shape and line of thought-shear structure.
Design represents a specific and internally differentiated professional activity which is combined with the elements
of technical and artistic creation in order to shape or form the different aspects of the world and human
communication positively.

Keywords: design, inspiration, aesthetic comfort, clothing comfort, functional comfort

Dizajn zlucuje v sebe stdle viac vedeckych, technickych a umeleckych disciplin. Na zaciatku kazdého dizajnéra je
obsahom, c¢o zodpoveda praktickému vyuzitiu. V odevnom dizajne je dolezité kombinovat krasu, eleganciu
a funkcnost. Latka by mala zodpovedat poziadavkam na pohodlie. Optimadlna volba materialu a kvalitné technické
spracovanie by mala byt v sulade s farbou, tvarom a liniami vnutornej Struktury. Navrh predstavuje Specificku
a vnutorne diferencovanu profesiondlnu cinnost, kombinovanu prvkami technickej a umeleckej tvorby, ktoré sa
pouzivaju, aby bolo mozné pozitivne tvarovat rozne svetové aspekty a ludskej komunikdcie. Dizajn dnes predstavuje
Specificku a vnutorne diferencovanii odbornu ¢innost, spdjajicu v sebe prvky technickej a umeleckej tvorby, ktora je
vykonavana s cielom pozitivne formovat rézne stranky predmetného sveta a ludskej komunikacie. Vzisiel z lona
vytvarnej a architektonickej cinnosti, syntetizuje v sebe stdle viac vedeckych, technickych a umeleckych disciplin.
Cielom kazdého spravneho dizajnérskeho ndpadu by mal byt produkt s inovativaym ndpadom, dokladne
vypracovanym tvarom a povrchom, s efektivnym obsahom, ktory zodpovedd funkénému pouzitiu. Skibit ,, rozum *
a ,,cit”, krasu s inteligenciou. Ergonomicka funkcia odevu sa da zistit uz pri prvom skusani. Dobry funkcny odev pri
noseni sa takmer nevnima. Naopak, nevhodny strih odevu obmedzuje pohyb, vyvolava neprijemné pocity a znizuje
fyzicky vykon. Strih odevu a jeho modnost vyjadruju zovnajsok cloveka. Fyziologicka funkcia odevu sa neda zistit
pri jeho kupe. Vyzaduje sa k tomu dlhsi ¢as nosenia odevu v klude a pri fyzickej zatazi. Odev sa pouziva cely den,
a preto poziadavky na fyziologické funkcie odevov sa rozlisuju podla ucelu pouzitia. Odevny komfort charakterizuje
stav organizmu, kedy su fyziologické funkcie organizmu v optime, a kedy prostredie vratane odevu nevytvara ziadne
neprijemné pocity vaimané nasimi zmyslami.

.....

Design as finished product of specific and internally  djsciplines into this mentioned base of design and it
differentiated professional activity combines elements  means that design output can affect very diverse
of technical and artistic creation which are used in order spheres of human activity, economy, starting and
to shape the different aspects of the world and human  ending art.

communication positively.

) ) ) ) o As a three dimensional object of designer's activity, the

The aim of the design as a creative professional activity apparel has tobe understandable from the several
is to achieve a comprehensive quality of Obj?CtSa aspects that mutually overlap each other. Deeper
processes, services and systems for the specified  philosophical dimension of fashion design is based on
duration of their performance and thus contribute to the  secking new and creative ideas, links and grows in the
quality of life. Despite of the fact that the design as 2 process of creating the shape and transferring it to
type of creative activity arose from the base of art and 3 material form. The continuity of the process from
architectural activities, there is the tendency to involve jpjtjal inspiration to handcrafting is subjected to the
more and more scientific, technical and artistic  physiological knowledge and social aspects affecting
the apparel. Understanding the patterns and functions of
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clothing, fashion variability in the lifetime of specific
historical periods and artistic directions and movements
lead to respect of the requirements of clothing comfort
by designer.

Consumer wearing the clothes registers the perceptions
that can very significantly affect the mood, well-being
and confidence. Claims that society puts on individuals
in the current rapid, dynamic process of life, are
resulting in specific tasks and solutions in the process of
clothes designing for specific occasions. The
requirement of the comfort clothing is at the forefront
of the current generation in relation to clothing.
Clothing comfort oscillates between two poles because
of functional and aesthetic components. Aesthetic
vision and its fulfillment should be in accordance with
the functionality of the apparel. Functional comfort
implies the physiological, sensorial and physiological
comfort and is influenced by the characteristics of
clothing materials used in apparel making [1]. The
protection of an organism as a primary function of
clothing, maintenance of thermal equilibrium and
creation of a microclimate factors are not always in the
forefront of clothing design. Specificity of individual
cloths, depending on function, for which they are
designed, allows a deviation from this requirement.

Clothes of people working in extreme climatic
conditions are the opposite solution in comparison to
the extravagant clothing originals, the role of which is
to draw attention to the holder. In relation to the fashion
and extravagant clothes, the aesthetic comfort is very
important from the aspect of wearer. It has to be also
pointed out that aesthetic comfort is very subjective and
subtle fashion aspect. In the history of a fashion we can
find periods, when the prevailing aesthetics and apparel
site literally distort the body and cause health problems
and despite these problems, this fact has been literally
ignored by many people. Currently, demand for
clothing comfort is based on the research and
development of high quality materials while the
necessary physical and physiological properties are also
taken into account [2].

Design of the models

To find a suitable material for the implementation of
ideas is a task on which a great idea of a designer can
wreck. In the creation of clothing, it is mainly the
experience which allows us to “discover” a good sense
for the material. Besides the study of aesthetic patterns,
art history, principles and compositional studies, the
study of physiological properties of materials, design
fabrics, knits and ties is an important part of training of
young designers.

In Fig. 1 and Fig 2, we can see the part of the analysis
of the materials from the fashion design aspect and the
photos show how the combination of technical and
artistic components is important.
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Fig. 1 Men's jacket
Obr. 1 Panske sako

Fig. 2 Lady's party dress
Obr. 2 Damske vecerné Saty

Men's jacket

As the most appropriate material, the woolen fabric was
selected and its trade name is tweed. It is flexible soft-
contrast material, which provides good wearing comfort
to user (Fig. 3). For lining, the viscose fabric was used.
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The construction is derived from the basic pattern of
men's jacket using the principle of asymmetry. Decor
was created by technique of printing with utilization of
the template.

Lady's party dress

The short dress was created by combination of two
different colored and structured fabrics creating an
interesting contrast: black taffeta and white lace
(Fig. 4). Taffeta is a fine silk fabric with fine cross
waled effects and slight sheen. Lace is translucent
embossing knitted fabric with floral pattern.

i owy
Fig. 3 Wool material
Obr. 3 VIneny material

Fig. 4 Silk material
Obr. 4 Hodvabny material

Parameters of fabrics

The suitability of these materials was verified by
measurements of properties which are necessary for the
processing of the clothing as well as the use of the
models. In the Tab. 1, the basic variables are presented.

Tab. 1 Parameters of material
Tab. 1 Parametre materialu
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Surface Dimensional | Keeping
Type of Material weight variety color in
material | composition (k /%nz) warp/weft wash
& (%) (1..5)
Wool 40 % wool
fabrics | 60 %PES | > " >
S 100%PES |90 04/0.6 5
abrics
Lace 100 % PAD 140 - -
Conclusions

We attached two designed models as example while
these models were made at the Department of Industrial
Design in Ruzomberok in 2009. The common
denominator of the work is connected with the
inspiration standing for modern art. Each of the authors
elaborated the model in different ways. Author of man’s
jacket benefited from a minimalist approach and simple
shape and author of the lady’s dress emphasized
interesting details and contrast. The utilization of
selected material and its combination with the authors’
ideas leads to excellent harmony in relation to the
clothing design - “idea is consistent with the form”.
Before the design and preparation of the models,
analysis of the materials was carried out and this
analysis confirmed that selected materials were a good
choice for emphasis of the required and specified
features.
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hutni vyroba v CR a SR

Meziro¢ni porovnani mésic¢nich a postupnych hutnich vyrob roku 2014 a 2013

Vyroba *) Vyroba | Index | Vyroba | Index Vyroba Index
brezen | duben (leden-duben bi‘ezen duben leden-duben
2014 2014 2014 2013 | 2014/13 | 2013 | 2014/13 | 2013 | 2014/13
tis.t tis.t % tis.t % tis.t %
KOKS
CELKEM 291,63| 28091 113256 28472|  10243] 27600  101,78] 110566 10243
ztoho (HZ) CR 15728 149,88 61037] 15347  10248] 15123 99,11 600,07] 101,72
(HZ) SR 13435 131,03 522,190 13124 10237  12477] 105,02 505,59 10328
AGLOMERAT
CELKEM 87128 78722 316164 69047 126,19 690,82  11396] 273299 11568
ztoho CR 52038| 480,82 189104  45997|  113,13] 44712  10754] 175929| 10749
SR 35090 306,40 127060 230,50 15223 24370 12573 973,70/ 130,49
SUROVE ZELEZO
CELKEM 67231| 686,66 265267 68748 9779 631,75 10869 2359389 10227
ztoho CR 366,54] 35841 141511 35337|  10373] 32499  11028] 133888 105,69
SR 305,77] 32825 123756 334,11 91,52 30676  10701] 125501 98,61
SUROVA OCEL
CELKEM 858,53] 864,67 335928 886,00 9690 79201 10917 3303,17| 101,70
ztoho CR 477179 467,69 183595 46035  10379] 40443  11564] 172630] 10635
SR 380,74 396,99 152333 425,65 8945 387,58]  10243] 157688 96,60
KONTISLITKY
CELKEM 817,69] 82628 320392 842,55 97,05 74986  110,19] 3140,58] 102,02
ztoho CR 43788 43023 168432 417.88] 104,79 36325 11844 1567.58| 10745
SR 37981 396,06 151961] 424,68 8943 386,61  10244] 157300 96,61
BLOKOVNY
CELKEM 49,00 4949 192,51 52,85 92,71 4191 118,07 18800 102,40
ztoho CR 49,00 4949 192,51 52,85 9271 4191 118,07 18800 102,40
SR 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
VALCOVANY MATERIAL
CELKEM 770,19 773,93 304369  75502] 10201 75627 10234 3016,76] 100,89
ztoho CR 42533| 40404 166136] 40847|  104,13] 408,07 99,01 164062 10126
SR 34487| 369,89 138232 346,55 9952 34821  10623] 1376,14] 10045
TRUBKY
CELKEM 6525 66,71 256,42 71,66 91,06 67,64 98,62 25442 100,79
ztoho CR 4577 46,03 177,59 4998 91,57 47,06 9781 17244 102,98
SR 1948 20,68 78,83 21,68 89,87 20,58 10046 81,98 96,16
TAZENA, LOUPANA, BROUSENA OCEL
CELKEM= HZ)(  1744] 1654 6733  1758] 9923 1600 10343]  6385] 10545
STUDENA PASKA KLASICKA
CELKEM= (HZ)(] 2,78] 2,76] 10,96] 251 11081] 268] 102,95 996| 110,06

POZNAMKA: *) Za posledni m&sic jsou udaje predbézné
Zpracoval: Hutnictvi zeleza, a.s. - ing. Vala

122



Hutnické listy ¢. 3/2014, ro¢. LXVII

Ze spolkové ¢innosti a odbornych akei

ze spolkové Cinnosti a

odbornych akci

Tradic¢ni konference Ocelari

Ve dnech 3. — 4. 4. 2014 se konala v Lazenském
domé Libuse v Karlové Studance tradi¢ni, jiz 30.
celostatni konference s mezinarodni ucasti s nazvem
,,Leorie a praxe vyroby a zpracovani oceli®.

Konference se zacastnilo celkem 71 odbornikd, z
toho jeden ucastnik zNémecka, dva ucastnici
z Polska a 6 tcastnikli ze Slovenské republiky.
Ptitomni odbornici zastupovali celkem 30 podnikt a
organizaci, 3 vysoké Skoly a 2 vyzkumné Ustavy.
Celkem bylo pfedneseno 21 odbornych referati.

Vlastni pfednasky se zabyvaly hlavné:

- technologiemi primarnich vyrob oceli,
- plynulym odlévanim oceli,

- sekundarni metalurgii,

- odlévanim ingotu.

Dal§imi pfednesenymi tématy uzce navazujicimi

na primarni vyrobu a zpracovani oceli byly:

- vnitini Cistota, kvalita oceli,

- fyzikalni a numerické modelovani procest,

- struskové rezimy pii vyrob¢ a aplikaci novych
struskotvornych smési,

- vyuziti zarovzdornych materialt,

- nakladovost vyroby, Fizeni vyroby a optimalizace
procest.

Mnohé zpfednesenych prispévkli prezentovaly
vysledky projektti podporovanych finanénimi zdroji
z operacnich programi védy a vyzkumu Ministerstva
pramyslu a obchodu CR, Technologické agentury CR
a Ministerstva $kolstvi, mladeZe a t&lovychovy CR.
Prezentaci doprovazela bohatda diskuse, ktera
probihala i vramci zavérecného spolecenského
setkani.

Organizacni vybor konference
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Jiri Styblo, Otto Hain

Manazerské trumfy
(Recenze Ing. RNDr. Bohumil Tesarik)

Manazerské trumfy: hodi se naprosto vSude a ke vSemu. "Lidé tdpou. Neni to tim, ze nevidi feSeni. Je to tim, ze
nevidi problém." (cit. G. K. Chesterton). "Doba je zld a bude mozna jeste¢ horsi, v&f mi." (cit. Pohadky bratii
Grimmt, z rozhovoru dvou skfitkll). "Leader a manaZer vyuziva silu uéeni napodobou. Jde o ptiklad vzorem,
zaloZeny na osobni autorité a duvére." (cit. S. R. M. Covey). "Dnes$ni problémy nemohou byt feseny, jestlize stale
myslime zpisobem, kterym jsme mysleli, kdyz jsme je vytvareli." (cit. Albert Einstein).

Svét se méni natolik, ze

vcerej$i recepty neplati.

Spole¢nost ovladaji nové

sily, fidi se novymi

hodnotami. Fakta, ktera

jesté pred nckolika lety

piedstavovala

ekonomickou realitu, jsou

nejen nepopularni, ale pro

mnohé podniky pfimo

sebevrazedna. Staré zdroje

podnikani a tizeni

(spotfeba tazena populacni

explozi, ptikazovy systém prace slidmi, ukolujici a
normujici vedeni, politické zazemi vychazejici a
nachazejici oporu v podvodech a korupci, management
spoléhajici na jistotu, opatrnost, ptedem dané procedury
a minimalizace rizika) jiz prestavaji byt zivotné.
Vseobecné je uznavano pét hlavnich pficin, nazyvanych
opravnéné "zabijaci" katarze (oCisty) byznysu. Jedna se

o strategickou impotenci, strategické mezery,
manazersky akademismus, firemni turistiku a
ulpivani na  konformnich  zénach  byti a

existence. Moderni management dospiva k poznani, ze
budoucnost do roku 2020 budou vytvaret predevsim tfi
sily:

1. Globalizace, boj o inovace, schopné zaméstnance a
zejména o talenty. Pravé souhrnny pfistup k trhim,
inovacim a talentlim zcela urCuje a pfetvaii byznys jako
specificky okruh podnikatelskych aktivit.

2. Socialni sité a socialni média intenzivné propojujici
zaméstnance, zakazniky a dodavatele k okamzité
komunikaci.

3. Demograficky vyvoj: v organizacich bude vedle
sebe pracovat nékolik generaci lidi spole¢né (aktualni se
stava tymova prace, pravidlo rovnosti apod.).

Hybateli déni jsou leadfti (lidé, které ostatni nasleduji a
nasledovat chtéji, aniz by je k tomu musel nékdo
donucovat; pokud nemaji nikoho, kdo by je nasledoval,
jsou jen "lidmi na prochazce"), talentovani pracovnici,

jednotlivei i tymy, které ptijmou pravidla hry a chtéji
hrat s trumfovymi kartami. Vitézi ten, kdo ma v ruce
lep$i karty — manazerskd esa. Pravé o nich, byt z
pon¢kud nezvyklého pohledu, pojednava nova knizka
"Manazerské trumfy" (Professional Publishing, Praha
2013, 1. vyd., 170 s.), kterd chce byt prispévkem
k soucasné aktualni problematice zvySovani vykonnosti
a konkuren¢ni schopnosti podnikt prostiednictvim
lidského kapitalu a jeho podstatného fenoménu
leadershipu. Vychazi z ovéfené hypotézy, ze zéasadni
roli v procesu zmén hraji lidé, jejich znalosti, motivace
a inspirace, pracovni i osobni uspokojeni a pfipravenost
vyrovnat se se zménami v predstihu. Autorem dila je
Ing. PhDr. Jiti Styblo, CSc., patiici ke S$pic¢kovym
lektorim védecké a vzdélavaci instituce Ustav prava
a pravni védy, o.p.s.. Jako pedagog ptisobil nebo plisobi
v n¢kolika  statnich a  soukromych  vysokych
Skolach, angazuje se v piedstavenstvech v fadé velkych
a nadnarodnich spole¢nosti, vydal nékolik stovek
casopiseckych i kniznich praci (jmenujme napi. knihu
"Leadership - realita nebo vize") z oboru fizeni, zvlasté
personalniho. Dnes pisobi jako vykonny feditel Ceské
manazerské asociace. Ke spoluautorstvi (kapitola
"Zaludské eso") pfizval daldiho experta v této oblasti
PaedDr. Ing. Otto Haina.

Publikace zac¢ina kratkou retrospekci nedavné minulosti,
ale soustfed’uje se na leadery a manazery jako vizionaie,
stratégy a vidce trvale udrzitelného rozvoje
konkuren¢ni schopnosti firem. Proto je prvni kapitola
nazvana "Neuvéfitelna dobrodruzstvi managementu”.
Lid¢ mohou dosahnout vysoké vykonnosti a
produktivity svého konani a jednani pouze tehdy, jsou-li
zralymi, kompetentnimi odborniky. Pak se mohou
rozvijet, rist a vydavat plody svého potencialu. To je
zaludsky trumf, protoze zaludy zraji, nesou své plody,
rostou a vydavaji svoji silu a energii v rozpuku.

Clovek, ktery je vysoce kvalifikovan, ale ned&la svoji
praci srdcem, nedociluje pracovni ani osobni
spokojenosti, na které je jeho vykonnost zavisla. Tedy
dalsi trumf, srdcové eso, piedstavuje tep firmy. Spravna
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motivace, inspirace a synergie jsou silou kolob&hu
zivota, at’ jiz osobniho nebo pracovniho.

Firma, ktera ma produktivni vysledky,
konkurenceschopné postaveni na trhu achce bytna
$pici peletonu, potiebuje silné a rozumné vedeni,
kvalitni lidry a otevienou komunikaci. To jsou trefy
mifici do ¢erného — takovym trumfem je kulové eso.

Soucasna doba je neuprosna. Vyzaduje nové myslenky,
napady, invenci a inovativnost. To vSe pfinaseji
predevsim talentovani lidé. Cesta vpied na prvni pticky
svétové konkurencéni schopnosti vyzaduje mit v ruce
také zelené trumfové eso, otevirajici netusené Sance a
prilezitosti. Spolehlivy smér, kterym se musi firmy
vydat, je cesta k zakaznikovi a k lidem.

Manazerské trumfy jsou aplikacemi, pfidavajicimi
hodnotu. Vyznamnymi soucastmi celého textu jsou
cetné inspirativni piiklady z redlného zivota naSich i
zahrani¢nich firem a korporaci, vybrané uryvky z knih a
¢asopiseckych ¢lankd z oblasti moderniho i klasického
managementu a citace vidcéich osobnosti ve svéte
znalosti, inovaci, informatiky, technologii, talenti a
lidského kapitalu. Kniha je urcena nejen pro manazery,
ktefi maji zdjem na zvySovani vykonnosti a konkurenc¢ni
schopnosti podnik@i a korporaci, ale i pro Sirsi
ekonomickou, technickou a dalsi odbornou praxi, pro
experty ve firemni strategii (zejména se zaméfenim na
rozvoj personalnich znalosti a lidského
kapitalu, podnikovou etiku) a informacnich
technologiich, pro odborné publicisty, pedagogy a
studujici vysokoskolskych programi i pro vSechny ty,
ktefi se o problematiku viiddcovstvi laicky zajimaji.

Petr Martinovsky, Tomds Smid a kol.

Prirodni zdroje a ozbrojené konflikty — aktualni trendy
(Recenze Ing. RNDr. Bohumil Tesarik)

Soubor studii pro orientaci ve svétovém soupefeni o dostupné suroviny a s nim spojenych bezpecnostnich hrozbach.
"VSechny valky vznikaji pro hmotné statky." (cit. Platon). "Valky nemohou pfestat, dokud narody ziji v tak
riznorodych zivotnich podminkach." (cit. Sigmund Freud). "Nevim, ¢im se bude bojovat ve tfeti svétové valce, ale

ve ¢tvrté to budou klacky a kameny." (cit. Albert Einstein).

Dlouhodobé udrZeni
dne$ni  vySe  spotieby
nejen energetickych,  ale
vSech ostatnich nerostnych
surovin, nezbytnych pro
zachovani civilizaéni
urovné, se zacind jevit jako
velmi obtizné az nemozné.
V celych déjinach lidstva
nam v soucasné¢ dobé
poskytuji vyjimeénou
prilezitost vytvofit zcela
realny souhrnny pohled na
vyznam nerostnych
surovin a prognozy dalsiho celosvétového vyvoje tii
skute¢nosti: 1. rozvoj vypocetni techniky, zejména
moznost tvorby a zpracovani rozsahlych databéazi a
moznost pienosu a sdileni informaci internetem; 2.
vysoka prozkoumatelnost zemské kury z hlediska
vyskytu nerostnych surovin; 3. stale SirSi pouzivani
anglictiny jako prostfedku globalni komunikace. Diky
témto tfem faktorim lze dnes sestavit skutecné
vérohodné dlouhodobé odhady vyvoje globalniho
sméfovani v oblasti nerostnych surovin, coz se také
déje. Bohuzel, prevazujici vétSina oficialnich prognoz
budouciho vyvoje je konstruovana a obhajovéna z
pozice zajmu a nazort silngjSich aktérii (tzn. pravicove);
zajem slabsi vétSiny, at' jedinci, ¢i statd, neni
akceptovan a soucasné nikdo nemysli na celek — planetu

Zemi. Objektivita vladnich analyz je pfirozené
ovlivnéna silou politického zadani. Nekteré pasaze
takovych elaborati se proto mohou jevit az prili§
propagandistické. Stale se vSeobecné pracuje s
doktrinou trvalého rustu, ackoli nerostné zdroje jsou
konecné. Z logiky véci bychom se méli soustiedit spise
na "nerast" ¢i fizené zpomaleni produkce a
spotieby. Veskeré souhrnné prace, at pochazeji z
vladniho, ¢i soukromého zadani, "cudné" také mic¢i o
neustalém zbrojeni, které masivné odCerpava pfirodni
zdroje.

Podtrzeno a secteno — pred lidstvem se vynofuje vazny
problém  mizejicich zdroji  pfirodnich  surovin,
nedostatku energetickych a potravinovych zdrojt,
ubytku pady a lest, znecisténi vody a celého ptirodniho
prostiedi, ale také hrozba populacniho ristu a
ptrelidnéni. Ackoliv zvla§t¢ v medidlnim svété stale
viceméné prevladaji tyto chmurné predpovédi, existuje
vyznamna skupina védcti a prognostiki z rtznych
obord, ktefi na zakladé obsahlého souboru empirickych
dat, kvantitativni a historické analyzy, dospivaji k
presvédceni, Zze veSkeré naSe piirodni zdroje jsou v
kazdém sméru neomezené, protoze jsou produktem
nejen samotné pfirody, ale pfedevsim lidské prace,
vynalézavosti a  mySleni.  NejvétSim  naSim
skute¢nym bohatstvim, o které musime nejvice pecovat,
jsou lidé a jejich svoboda.
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Zda se, ze z hlediska pristupu k nerostnym zdrojum,
v nichz ma kli¢ové postaveni ropa, jde v tuto chvili o
globalni zavod v tom, kdo déle vydrzi. Hlavni otazka,
ktera by méla znit v pozadi vSech rozhodovani vlad,
finan¢nikl, predstaviteld armad a dal$ich mocenskych
Cinitelti a seskupeni, zni, jak rychle a jakym zpisobem
bude probihat nezbytna a ocekavana civilizacni regrese.
Avsak stale vice jsou nerostné suroviny vnimany jako
jedno z kli¢ovych témat piitvorbé narodnich
bezpecnostnich politik véetné vyzbrojovani a budovani
modernich akceschopnych armad. Kromé toho se vlady
stdle Castéji a dlraznéji soustieduji na sledovani
vnitropolitické situace v oblastech nerostnych zdrojd,
které jsou nerovnomérné rozlozeny po celé zemékouli.
Podle soucasnych ndzord mnohych odbornikii budou
jesté v tomto stoleti dominantnim typem ozbrojenych
konflikth praveé valky o pfirodni suroviny. Narist
poptavky, stalé vyCerpavani snadno dostupnych lozisek
ropy a dal$ich komodit, stejné tak jako vnitropoliticky a
socialni neklid v mnoha producentskych zemich,
zintenziviiuji mezinarodni soupefeni o dostupné
prameny zejména fosilnich paliv. Jiné charakteristiky
obsahuji casto opomijené konflikty o obnovitelné
pfirodni zdroje — vodu, pidu ¢i dfevo. Napéti v mnoha
oblastech svéta nartistad a soupefeni se Casto odehrava
nikoli na mezindrodni, ale spiSe vnitrostatni roviné. U
fady pfirodnich zdroji je zakladni pfi¢inou problému
nejen zvySovani poptavky ¢i spotieby, ale také zvySujici
se zneCisténi  Zivotnitho prostfedi. Jen jeden
takovy charakteristicky piiklad: enormni zatéz piirody v
Cing se stane podle nékterych analytikii hlavnim
spoustééem radikalni transformace tamniho politického
systému.

Podrobny vhled do Sesti takovych konfliktnich oblasti
svéta pfinasi novd fundovand monografie Petra
Martinovského, Tomase Smida a kolektivu "Ptirodni
zdroje a ozbrojené konflikty — aktualni trendy", vydana
obecné  prospé€Snou  spoleCnosti zaméfenou na
vzdélavaci, analytickou a kulturni Ccinnost (ve

spoleCensko-politické ~ oblasti  se  hlasici ke
konzervativné-liberalnim ideovym pozicim), Centrem

pro studium demokracie a kultury (Praha 2013, 1. vyd.,
186 s., Politologické tada, ¢. 449, IBSN 978-80-7325-
329-5). Publikace rozebird napiiklad vysoce aktudlni
pristi exploataci ohromnych zasob nerostnych surovin v
Afganistanu, ktery nema témét zadny téZebni primysl
ani odpovidajici infrastrukturu. Jde pfedev§im o
neddvno objevena loziska kovi (podle odhadu
americkych geologll v hodnoté bilion USD), pfedev§im
lithia (pouzivaného pro vyrobu baterii do vétSiny
modernich elektronickych pfistrojii), ale také zeleza,
medi, zlata, kobaltu, uranu a dalSich prvkd; zajimavé
jsou i nalezi§té¢ kameni moderni doby - turmalinti, ¢i
tmavé modré silikdtové horniny lapis lazuli. Podle
vyjadieni zahrani¢nich odbornikd by se dokonce mohl
stat Afganistan "Saudskou Arabii lithia", pfirovnavajici
zasoby tohoto strategického lehkého kovu k zasobam
ropy na Arabském poloostrové. Nesmirné piirodni
bohatstvi sice predstavuje budouci nadéji pro tuto
zaostalou zemi, na druhé strané vSak miZze zpusobit
dal$i zintenzivnéni bojl, protoze evidentné piedstavuje
pro Taliban jest¢ veétsi motivaci k dal$im pokustim o
trvalé pfevzeti moci v zemi. "Prokleti Konga se jmenuje
coltan", tak oznacuji politologové a novinafi situaci v
Demokratické republice Kongo, ve které¢ se nachazi 80
% svétovych zasob coltanu, coz je obchodni nazev
smési dvou rud, kolumbitu a tantalitu, ze kterych se
ziskava niob a tantal, tj. kovll nezbytnych pro vyrobu
kondenzatord a dalSich souéastek mobill, notebookid a
ostatnich elektronickych pfistroji. Malo znamé a
diskutované jsou také konflikty o vodni zdroje na
hornim Nilu a dalsi konflikty.

Publikace je ur¢ena pro odbornou i $ir§i vefejnost jako
zajimava pomticka pro orientaci v ekonomicko-
politickych problémech soucasného svéta. Vyuziti
nalezne v rukou politikd, ekonomickych a
vojenskych analytiki ~a  prognostikti,  vlastnikt
amanazert  téZebnich,  zpracovatelskych  nebo
obchodnich spole¢nosti, novinaii, odbornych publicistl
i uciteld a studentl politologie, mezinarodnich vztaht,
bezpecnostnich studif aj.
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Veletrh zpracovani plechu EuroBLECH 2014

Primysl zpracovani plechu se 21. — 25. 10. 2014 opét
sejde na vystavisti v Hannoveru na svém nejvetSim
svétovém odborném veletrhu EuroBLECH. Vystavni
stanky si uz objednalo pfes 14 tisic vystavovatelll ze 41
zemi, ktefi obsadi v halach ¢. 11, 12, 13, 14, 15, 16,17 a
27 vystavni plochu o velikosti 86.500 m*. EuroBLECH
2014 tak uz dnes dosahuje ve srovnani s minulymi
ro¢niky mirny nartst 3 %.

Nejvétsimi vystavovateli po Némecku jsou Italie, Cina,
Turecko, Nizozemsko, Spanélsko, Svycarsko, Rakousko
a USA. Podil zahrani¢nich podnikii, které budou na
veletrhu vystavovat, ¢ini 50 %. Tento znacné vysoky
podil  zahrani¢nich vystavovateld opét doklada
vyznamné postaveni veletrhu EuroBLECH jako
vedouciho mezinarodniho veletrhu oboru. Ukazuje ale
také, ze prumysl zpracovani plechu pii zajistovani
dlouhodobé UspéSnosti  svych produktd sazi na
mezinarodni obchodni kontakty.

Primysl zpracovani plechu se v globalizovaném svété
uplatfiuje na velmi rozdilnych trzich, kde je poptavka po
stale vétsi rozmanitosti produktd. Pro jejich vyrobu jsou
nutné nove, flexibilni vyrobni procesy. Ukazuje se, Ze
pro pramysl zpracovani plechu jsou dilezité investice
do efektivnich zafizeni a systémull na miru. Ve vyrobé
jsou bezpodminecné nutné inteligentni procesové
fetézce a vytvafeni siti. Vystavni nabidka 23.

Mezinarodniho technologického  veletrhu  pro
zpracovani plechu zahrnuje cely procesovy fetézec
zpracovani plechu: predvalky, dodavatelské dily,

handling, fezani, tvarovani, pruzné zpracovani plechu,
spojovani, svafovani, zpracovani trubek a profill,
zpracovani hybridnich struktur, {Gpravu povrchu,
nastroje, fidici a regulaéni techniku, systémy
CAD/CAM, kontrolu kvality, zafizeni tovaren, vyzkum
a vyvoj.

K dispozici je pro navstévniky veletrhu uz nyni brozura
ve dvandcti jazycich s podrobnymi informacemi. Lze ji
ziskat na adrese =~ www.euroblech.de. EuroBLECH
Bulletin, pravidelné vychazejici elektronicky newsletter,
je mozné rovnéz ziskat na webové strance veletrhu.
Newsletter obsahuje aktudlni informace o veletrhu
EuroBLECH 2014, =zajimavé zpravy zoboru a
informace o produktech, které budou na veletrhu v fijnu
vystavené.

red.
(podle zdroje: Susanne Neuner, PR Direktor, Tiskové
oddeéleni EuroBLECH, Mack Brooks Exhibitions Ltd.,
Romeland House, Romeland Hill, St Albans, Herts AL3
4ET, Velka Britanie, 0044 (0)1727 814400,
press@mackbrooks.co.uk)

Usporna opatieni Tata Steel Scunthorpe

Steel Guru/Steel Trade Today

27.3.2014

Zameéstnanci na valcovné kolejnic a profild v ocelarnach Tata Steel v Scunthorpe nasadili vSechny paky,
aby spolecnosti pomohli do 31.3.2014 dosahnout uspory 34,5 mil. GBP. VétSina stfeSniho a nasténného
osvétleni byla konvertovana na vytvafeni uspor okolo 800 GBP denné. Od r. 2008 je v ocelarné velky tlak
na redukci spotfeby energie. Ze zlepSeni, které dosahli, Setfi okolo 800 tis. GBP ro¢né. Nékteré z velkych
uspor prichazeji ze zmén, které provedli také v osvétleni. | v nadchazejicich mésicich se budou
zamérovat na redukci nakladd na energii.
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Hlavni vyvojové tendence ¢eské ekonomiky v roce 2013
a vyhled na rok 2014

Vyvoj pramyslu v roce 2013

Primyslova vyroba v roce 2013 zaznamenala meziro¢ni
rast o 0,5 %. Vysledek primyslové vyroby vSak nebyl
od pocatku roku jednozna¢ny, nebot’ primysl navazal
na pokles z roku 2012. Jiz v 1. ¢&tvrtleti roku 2013
dosahla produkce svého dna, kdyz se mezirocné snizila
0 5,4 %. Ve 2. ¢tvrtleti se propad zmirnil na 2,4 % a ve
3. a 4. ¢tvrtleti se primyslova produkce vratila k ristu a
vzrostla 0 3,9 %, resp. 6,1 %. Na celkovém ro¢nim

vysledku se projevilo oziveni primyslu v eurozoéné,
zejména v Némecku, a lepsici se situace na evropském
automobilovém trhu, ktera pfinesla rtist domaci vyroby
automobill a na ni navazujicich obord. Oziveni
primyslu  bylo predikovano nejen zahrani¢nimi
predstihovymi ukazateli, ale i domacim
konjunkturalnim prizkumem CSU, ktery od poloviny
roku signalizoval zvySeni vyrobni ¢innosti a posilovani
divéry podnikateld.

V{voj indexu primyslové produkce — meziroéni zmény [%] (zdroj: CSU)

V roce 2013 se ve zpracovatelském pramyslu produkce
zvySila ve 14 odvétvich (o 1,4 %, méfeno indexem
pramyslové produkce — IPP). Na celkovych trzbach
pramyslu se ristova odvétvi podilela 63,3 %. Rust
ovlivnila pfedev§im zahrani¢ni poptavka a projevila se
zejména v odvétvich s uplatnénim produkce na trhu EU.
Z odvétvi zpracovatelského prumyslu se produkce
nejvice zvysila ve vyrobé ostatnich dopravnich
prosttedkd (o 9,1 %), ve vyrobé farmaceutickych
vyrobkt a pripravkl (o 7,6 %), ve zpracovani dfeva a
vyrobé dfevénych vyrobkl (o 6,7 %), v ostatnim
zpracovatelském primyslu (o 6,1 %), ve vyrobé
kovovych konstrukci a kovovych vyrobkt (o 5,3 %), ve
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vyrobé¢ odévi (o 3,3 %), ve vyrobeé napoju (o 2,8 %), ve
vyrobé stroju a zafizeni (o 2,7 %) a ve vyrobé
dopravnich prostiedkd (o 2,5 %). Ostatni ristova
odvétvi evidovala narust produkce do 2 %.

Ve zpracovatelském pramyslu ke snizeni produkce
doslo u deviti odvétvi (na celkové primyslové produkci
se podilela 27,6 %). Nejvice poklesla vyroba pocitact,
elektronickych a optickych pfistroja (o 8,7 %), opravy a
instalace stroj0 a zafizeni (o 8,4 %), tisk a
rozmnozovani nahranych nosi¢t (o 7,5 %) a koksovani
a rafinérské zpracovani ropy (o 6,6 %). Ostatni odvétvi
evidovala nizs$i meziro¢ni pokles produkce pod 5 %.
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Primyslova produkce se v roce 2013 podle propocth
MPO zpracovanych podle dostupnych udaji Eurostatu
meziroéné snizila v zemich EU o 0,5 %, v eurozéné o
0,8 %. Oziveni ekonomik se odrazilo ristem produkce

ve 4. ¢tvrtleti 2013. V EU ekonomika vzrostla o 1,6 %,
v eurozoné o 1,3 %. Mezi vyvojem v CR, Némecku
aeurozoné¢ je velmi Uzkd vazba, ktera je patrna z
nasledujiciho grafu.
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Vyvoj primyslové produkce v CR, v Némecku a eurozéné — meziroéni zména [%] (zdroj: Eurostat, graf a propo&ty MPO)

Nastartovani rustu primyslové produkce v eurozoné v
poloviné roku 2013 se projevilo ristovou tendenci i v
CR. Vyvoj v CR byl v zavéru roku 2012 ovlivnén
niz§im poctem pracovnich dni o tfi dny, cozZ se projevilo
vys$§im rastem v zavéru roku 2013.

Podle hlavnich primyslovych seskupeni se rst
produkce v druhé poloviné roku projevil v celoro¢nich
vysledcich  zvySenim  vyroby pro mezispotiebu
(0 1,9 %), dlouhodobou spotiebu (o 1,3 %), investice
(0 1,2 %) a kratkodobou spotiebu (o 0,4 %). Snizeni
produkce evidovala pouze vyroba energii (o 3,9 %).
Zvysena investi¢ni aktivita primyslovych podnikt byla
zahajena ve 3. a 4. ¢tvrtleti 2013.

V déleni vyroby zpracovatelského primyslu podle
technologické narocnosti mél nejvyznamnéjsi pozici
sektor ,,medium high-tech® zabezpecCujici vice nez
polovinu trzeb (50,6 %, pifi zvySeni podilu o 1 bod).
Jeho produkce se meziro¢né zvysila o 3,6 %. V tomto
sektoru je zahrnut automobilovy, elektrotechnicky,
chemicky a strojirensky prumysl. Rist trzeb evidoval i
sektor ,low-tech® o 2,6 %. Jeho podil se mirmé zvysil
(00,2 bodu na 15,2 %). V tomto sektoru jsou zahrnuta
méné vyznamna odvétvi primyslu: potravinaisky,
odévni, kozedélny a drevozpracujici pramysl. Produkce
u ostatnich sektortl se snizila. Trzby u ,,medium low-
tech” byly mirné niz§i o 0,1 % a vice nez ctvrtinovy
podil se snizil (o 0,4 bodu na 25,8 %). Sem patii odvétvi
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napojena na automobilovy primysl (vyroba pryzovych a
plastovych vyrobkt), dale hutnictvi, vyroba kovovych
konstrukci, koksovani a rafinérské zpracovani ropy a
vyroba ostatnich nekovovych mineralnich vyrobki.

Hlubsi pokles trzeb zaznamenal sektor ,high-tech o
6,7 %, pti snizeni podilu (o 0,7 bodu na 8,5 %). Vyvoj v
tomto sektoru byl nepfiznivé ovlivnén poklesem
rozhodujici vyroby pocitaci.

Vyvoj produkce zpracovatelského primyslu podle technologické naroénosti vyroby [%, rozdil v p.b.] (zdroj: CSU, propoéty MPO)

Trzby z Podil na Podil na
primyslové trzbach trzbach
CZ-NACE ¢innosti - zpracov. prum. | zpracov. prum. Rozdil
meziro¢ni zména 2012 2013 2013-2012

Zpracovatelsky prumysl celkem 1,5 100,0 100,0 0,0
High-tech 3,7 9,2 8,5 -0,7
Medium high-tech 3,6 49,6 50,6 1,0
Medium low-tecg -0,1 26,2 25,8 -0,4
Low-tech 2,6 15,0 15,2 0,2

Ukazatelem vypovidajicim o sméfovani dalsiho vyvoje
pramyslu byl objem celkovych novych zakazek ve
vybranych oborech, ktery se v roce 2013 zvysil o 4,8 %.
Rozhodujici pozici mélo zvySeni zahrani¢nich zakazek
o 5,8%, které se na celkovych zakadzkach podilely
70,8 %. Zahrani¢ni zakazky se vlivem oziveni produkce
a zakazek v eurozoné (zejména v Némecku ve druhé
poloviné roku) a vlivem silné provazanosti ekonomik
staly hlavnim tahounem domaéciho ristu. Ve 3. étvrtleti
se zvysily o 16 % a ve 4. Ctvrtleti o 18,2 %. Nejvetsi
zvySeni téchto zakazek z vybranych oborti v roce 2013
evidovala vyroba ostatnich dopravnich prosttedkd (o
22,4 %), vyroba kovovych konstrukci a kovodé€lnych
vyrobkti (o 14,3 %), vyroba motorovych vozidel (o
12,5 %) a vyroba farmaceutickych vyrokt a ptipravkl
(o 9,7%). Domaci zakazky posilily o 2,5%, z
vybranych odvétvi nejvyraznéji ve vyrobé odévi (o
18,3 %), ve vyrobé stroju a zafizeni (o 11,3 %), ve
vyrobé kovovych konstrukci a kovodélnych vyrobki (o
11,2 %) a ve vyrob¢ elektrickych zatizeni (o 8,2 %).

Mirny rast trzeb (o 1,7 %) a snizeni zaméstnanosti (o
1 %) se projevily zvySenim produktivity prace o 2,7 %.
Vyvoj produktivity prace predstihl rust realnych mezd o
3,7 bodu a dale se projevil poklesem jednotkovych
mzdovych nakladti nomindalnich a redlnych. Produktivita
prace zvysila ve vétSin€ odvétvi zpracovatelského
prumyslu (v 18 odvétvich), naopak pokles evidovalo pét
odvetvi.

Ocekavany vyvoj prumyslu v roce 2014

Rast primyslové produkce, nastartovany v druhé
poloviné roku 2013, bude pokracovat i v roce 2014.
Jeho udrzeni bude zalezet na dalSim vyvoji v eurozoné a
piedevsim v Némecku. Z vyvoje prumyslu v zavéru
roku 2013 je patrné oziveni ekonomik eurozony. Z
tohoto divodu miizeme ocekavat pokracovani rdstu

zahrani¢ni poptavky, coz se vlivem silné vzajemné
provazanosti bude projevovat i na ristu primyslu CR. V
prvni poloving roku 2014 bude primysl dosahovat diky
nizké srovnavaci zakladné¢ vySSiho rlstu, v druhé
polovin¢ roku se vSak tento riist mirné zpomali.

Zahrani¢ni pfedstihové ukazatele na zacatku roku 2014
(napf. index nakupnich manazeri - PMI) dosahuji
dlouhodobé nadprimérnych hodnot, za kterymi stoji
zrychleny rist novych objednavek. Na pocatku roku se
zlepsila 1 podnikatelskd nalada v Némecku a potvrdila
odhady, podle nichZz nejvétsi evropska ekonomika v
roce 2014 wurychli rdst. Bfeznové vysledky vsak
optimismus, vlivem situace na Ukrajiné, mirn¢ snizily.
Naopak, podle konjunkturalniho prizkumu CSU u
vybranych prumyslovych podnikd, se zvysila divéra i k
hodnoceni celkové poptavky.

Dtlezity bude i vyvoj domaciho automobilového
pramyslu, ktery ma na trzbach primyslu CR rozhodujici
podil (zhruba ¢tvrtina trzeb prumyslu). Vyvoj
automobilek bude zaviset na rdstu prodeju, které v
zavéru roku 2013 dynamicky rostly. Ptiznivy vyvoj
automobilového primyslu bude mit pozitivni vliv i na
dodavatelska odvétvi a obory.

Pro rok 2014 muzeme ptfedpokladat pokracovani ristu
pramyslové produkce nastartované v druhé poloviné

roku 2013. Vzhledem k dosavadnimu vyvoji,
postupnému oziveni evropskych ekonomik
a pokraovani  pfiznivého vyvoje automobilového
pramyslu, muzeme pro rok 2014 ocekavat rlst

pramyslové produkce v rozmezi o 3 az 5 %. Tuto
prognézu podporuji i dosazené vysledky na zacatku
roku, kdy se prumyslovéd produkce v lednu meziro¢né
zvysila 0 5,5 % a v tnoru 0 6,7 %.

red. (podle zdroje: Analyza MPO, duben 2014)
(Pokracovani)

130



Hutnické listy ¢. 3/2014, ro¢. LXVII

Hutnictvi ve svété

Proexportni program Vlady CR podporuje zaméstnanost

,»Export je jednim z hlavnich piliii nasi ekonomiky a
podpora exportu musi byt prioritnim zajmem stitu na
vSech trovnich, pficemz nejsledovanéjSim cilem je
zajisténi stavajicich a tvorba novych pracovnich mist v
Ceské republice,“ uvedl na své dubnové tiskové
konferenci vénované nové hospodarsko-obchodni
strategii ministr primyslu a obchodu Jan Mladek.
Pripomnél, Ze efektivni export uzce souvisi s
ekonomickou rovnovahou zemé, se stabilitou meény,
kvalitnim mezinarodnim ratingem a divéryhodnosti.

CR jako mala a oteviena ekonomika je na Gsp&sném
vyvozu kvalitnich produktii a sluzeb s co nejvyssi mirou
pfidané hodnoty Zivotné zavisla. Jestlize 81 % exportu
sméfuje do partnerskych zemi EU, dalsi potencial ristu
lze spatfovat zejména mimo EU. V souladu s exportni
strategii proto vlada zahajuje exportni ofenzivu v oblasti
12 prioritnich zemi a 26 zajmovych zemi, které byly
vybrany na zékladé pozadavkd podnikatelskych
reprezentaci. Pro etapu do roku 2020 sem patii
napiiklad Brazilie, Cina, Indie, Irak, Kazachstan,
Mexiko, Srbsko, Turecko, USA ¢i Vietnam. Jiz v
kvétnu byla realizace tohoto scénafe zahajena navstévou
vice nez dvou desitek podnikateldl vedenych ministrem
Mladkem ve Vietnamu. Dilezitou roli v podpofe
Ceskych exportérti bude hrat zejména sit’ zahrani¢nich
kancelaii MPO a CzechTrade.

Ministr Mladek vyjadtil svou myslenku, ze se nespokoji
pouze s dosazenim kvantity v podobé¢ cilového poétu 70
zahrani¢nich kancelaii MPO, jejichz otevieni bylo
nez celkovy pocet zahrani¢nich zastoupeni jsou jejich
kompetence, personalni obsazeni nejleps$imi lidmi s
obchodnim duchem a zejména pak zvySena pozornost
vaci trhim s velkym obchodnim a investicnim
potencialem.

Nase exportni strategie je zalozena na tfech pilifich:
zpravodajstvi pro export, rozvoj exportu a podpora
obchodnich prilezitosti. Jiz byl zahajen proces
optimalizace marketingovych sluzeb statu, aby Ceské
firmy dobie veédély, jakou podporu mohou od statu ve
svém exportnim usili ocekdvat. Proto se klade velky
diraz na spolupraci s podnikatelskym sektorem.
Zasadni je restart samostatnych, agilnich a vzajemné se
doplnujicich aktivit CzechTrade a Czechlnvest. Jejich
¢innost se musi pfizpusobit vladnim prioritam a
pfedevsim potfebam jednak tuzemskych exportért a

jednak zahrani¢nich investord. Obé& agentury musi
pruzné¢ a rychle reagovat na neustdle se ménici
podminky na globalnim trhu a stat jim prostiednictvim
MPO poskytne maximalni podporu.

V ekonomické diplomacii musi co nejdiive nastoupit
synergicky efekt spoluprace a sdileni infrastruktury
vytvafenim  klientskych center podpory exportu
zaloZzenych na spolupraci ministerstva priamyslu a
obchodu, ministerstva zahrani¢nich véci a agentury
CzechTrade. Agentura poskytuje Siroké poradenské,
vzdélavaci a asistencni sluzby pfedev§im pro malé a
sttedni firmy a ministerstvo zahrani¢nich véci bude
koordinatorem vnéjSich ekonomickych vztahti a
efektivné podpofti ekonomickou diplomacii
prostfednictvim zastupitelskych tradt po celém svéte.

Generalni feditel agentury Czechlnvest Ondfej Votruba
na tiskové konferenci uvedl, Ze po dlouhé dobé
zaznamenava podporu ministerstva primyslu a obchodu
a celé vlady, a proto se agentura miZeme opét soustredit
na lakani investic, diky kterym v CR roéné vznikaji
tisice novych pracovnich mist. Cilem je, aby se
Czechlnvest znovu dostal mezi Spicky svétovych
investi¢nich agentur. Rovnéz povéieny generalni feditel
CzechTrade Milan Raz sdélil, ze pranim agentury je,
aby ji firmy vnimaly jako proklientskou a komunikaci
otevienou agenturu, jako stabilniho partnera, ktery jim
mize nabidnout své zkuSenosti a teritorialni a oborovou
znalost. Do struktury instituci podporujicich export patfi
i Ceska exportni banka (CEB) a Exportni garanéni a
pojistovaci spole¢nost (EGAP), které poskytuji statem
podporované financovani a pojisténi exportu. Letos
ptjde na podporu &innosti CEB asi 1 mld. K& a po¢ita se
také se statni zarukou na zavazky banky ve vysi 130
mld. K¢. Rozpocet zahrnuje i navyseni pojistnych fondt
EGAP ve vysi 1,25 mld. K¢.

Piikladem miize byt napiiklad perspektivni Cina, kde
dosud ptisobily kancelate MPO pouze v Shanghai a
Chengu. Zacala fungovat kancelaf v Pekingu a do konce
roku by méla byt oteviena rovnéz kancelat v Kantonu.
V soucasné dobé se projevuje velmi dobie zapocatd
propagace zejména Ceského leteckého primyslu. Jisté
vSak je potencidl podstatné vétSi a zahrnuje i dalsi
obory.

red. (podle zdroje: Tiskova zprava MPO, 25.4.2014)
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Poptavka po nerezové oceli v EU roste

Steel Business Briefing 24.3.2014

Realna poptavka po nerezové oceli v Evropé sili, a
logickym duasledkem by mél byt podle vyrobce,
jehoz vedeni sidli v Lucemburku, pfipadny nar(st
zakladnich cen. ZvétSuje se dlvéra zakazniku,
zlepSuji se objednavkové knihy a prodluzuji se
dodaci |haty. Zakladni ceny (bez pfirazek za
slitiny) pro studeny svitek typu 304, pasu o tloustce
2 mm, se ze 1005 Euro/t na zaCatku roku zvysily v
bfeznu na 1015 Euro/t. Dal$i narlist zakladnich
cen je logicky dan poptavkou, objednavkovymi
knihami a dodacimi IhGtami. Firma uvadi, Ze lep§i
makroekonomické podminky generuji mnohem
pozitivngjSi a  davéryhodnégjsi klima mezi
spotfebiteli nerezové oceli. Zjevna spotfeba v
Evropé je nejlepsi za 2 — 3 roky, v r. 2013 posilila o
3 %. Nedochazi k Zzadnému podstatnému
doplfiovani zasob a to naznacuje, ze realna
spotfeba je na zlepSené urovni. Pfispivaji k tomu
vSechny sektory konecné spotieby, od investi¢niho
zbozi az po segmenty ve vztahu ke spotiebé, jako
je bilé zbozi. Dopfedu sméfujici objednavkove
knihy jsou proto zdravéjSi. Objednavkové knihy
firmy Aperam jsou o 8 — 10 % vy38i, nez v téze
dobé minulého roku, dodaci lhaty se prodlouzily.
Vyhledové se nepfedpoklada zadné oslabeni ve 3.
Ctvrtleti. Léto je vzdy o néco napjatéjSi a vytvori
tlak na pfisti dodavky. Asijsti vyrobci zvySuji ceny,
coz bude mit pozitivni vliv. Nartst ceny niklu ma
také vliv na efektivni transakéni cenu nerezové
oceli. Je nadéje, Ze se cena niklu udrzi v rozpéti
16 az 16,5 tis. USD/t a vyhne se velkym vykyvam,
zaznamenanym v pfedchozich letech.

US Steel planuje vystavbu dalsSi elektrické
obloukové pece

Reuters 25.3.2014

US Steel Co. by méla nahradit jednu dalsi ze
svych starSich  vysokych peci elektrickou
obloukovou peci. Pozadala jiz o povoleni instalovat
elektrickou obloukovou pec (EOP) nahradou za
vysokou pec ve svém zafizeni ve Fairfieldu,
Alabama, jako soucast svého Usili o redukci
nakladl. Rentabilni rival US Steel, Nucor Corp., se
dlouhodobé specializuje na vyrobu oceli v
elektrickych  obloukovych  pecich v ramci
miniocelaren. US Steel a Nucor jsou nejvétsi
vyrobci oceli sidlici v USA. Trvaly ppfechod k
miniocelarnam by byl velkou zménou ve strategii
US Steel, ktera se vSeobecné zaméfuje na udrzeni
své flotily vysokych peci. EOP vyuZivaji ocelovy
Srot namisto Zelezné rudy. Provoz EOP sniZuje
naklady spojené s dopravou surovin a chrani
vyrobce oceli pfed narUstem cen zelezné rudy a
uhli. Jednim z faktord pro zastaveni jedné z
vyskokych peci je jejich vék a doba opravy
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vyzdivky. Oprava vyzdivky vysoké pece mUze stat
100 mil. USD nebo vice.

Na téma uziti hliniku oproti oceli US Steel fika, ze
v automobilovém priimyslu hlinik velmi expanduje.
Ocel, pokud jde o jjei uziti pfi vyrobé kol, ponékud
zaspala. Ocelafsky primysl zaostava ve vyzkumu
a vyvoji, ale US Steel zintenziviiuje své prace v
této oblasti. Poptavka vyrobct automobild po
hliniku, ktery je drazsi a také leh¢i nez konvenéni
ocel, rychle roste, protoZze vyrobci automobila tlaci
na snizeni spotfeby paliva.

Skupina Simec z ICH investuje do dvou
ocelaren v Mexiku

Steel Guru/Steel Trade Today 27.3.2014

Business News Americas informovaly, Ze skupina
Simec bude investovat vice nez 700 mil. USD do
dvou novych ocelaren v Mexiku. Matefska firma
Industrias CH Fekla, Ze spoleCnost sidlici v
Guadalajara planuje vybudovat provoz na vyrobu
tyCi ze specialni oceli s kapacitou 600 tis. t/r. na
severu zemé za 700 mil. USD z vlastnich zdroja.
Vedeni ICH také schvalilo novy provoz na vyrobu
tlustych plechd, coz spole¢nosti umozni vyrobu
svarovanych trubek ve Sroubovici az do praméru
100 inch (2.54 m) a s tloustkou stén 1 inch (25.4
mm). Nové provozy pomohou uspokojit rostouci
poptavku od automobilového primyslu a tézebniho
primyslu ropy a plynu, které jsou povazovany za
klicové oblasti rstu pro mexicky ocelarsky sektor.
Simec dosud vyrabi tvarové produkty, jako jsou
konstrukéni profily, tye a specialni ocelové
vyrobky, a to predevSim pro stavebni sektor,
automobilovy primysl a pro dal$i vyrobni sektory.
ICH ma 12 ocelaenskych provozl, 4 zafizeni na
zpracovani Srotu v Mexiku a také 8 provozu v USA
a Kanadé.

vrs

Bochumska Outokumpu se uzavie v zafi
2015

www.derwesten.de 30. 3. 2014

Zavod v Bochumi na vyrobu nerezavéjici oceli se
uzavie nejdfive v zafi 2015, jak se dohodly IG
Metall a finska ocelaiska skupina Outokumpu. Asi

Zi bodem je budoucnost 450
zameéstnancu, ktefi si tak prozatim nemusi hledat
praci. Mezi vedenim zdvodu a odbory pfi jednani k
dohodé. Outokumpu bude zkoumat technické
moznosti pfemisténi tavici kapacity do Finska a
Svédska. VSichni zaméstnanci dostanou
kompenzaci do vySe jejich zaméstnani do konce
2016 a dodatecné 10 tis. Eur na jednoho
zameéstnance. Bude jim také nabidnuto alternativni
zaméstnani u ThyssenKrupp, HKM nebo v jiném
vyrobnim zavodé Outokumpu.


http://www.derwesten.de/
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Odborny ¢asopis pro hutnictvi a materialové inzenyrstvi

Hodnoceni vysledkii iFeSeni ve vyzkumnych projektech

Rada vlady CR pro vyzkum, vyvoj, inovace (VVI)
zavadi novy bodovy systém pro hodnoceni vysledka
feSeni ve vyzkumnych projektech, platny pro 1éta 2013
— 2015. Toto hodnoceni se dotyka autorskych publikaci
v odbornych casopisech, tedy i recenzovanych ¢élankt
v Hutnickych listech a dalSich ¢asopisech vydavanych
v CR. Autofi sami jisté novou situaci znaji. Zde redakce
jen pfipomina, Ze podle nové metodiky jsou nyni
recenzované ¢lanky v technickych, informatickych a
jesteé dalsich oborech hodnoceny nulovym poctem bodi.
Pivodni pocet bodii 4 zlstal jen v hodnoceni
spolecenskych, humanitnich a uméleckych véd. Nova

metodika mize mit dalekosdhlé negativni nasledky
nejen pro odborné Casopisy z takto postizenych obori,
ale i pro proces VVI v fad¢ pracovist’ a v disledku toho
mize ohrozit konkuren¢ni schopnost ¢eského primyslu.

Redakce Hutnickych listl na nastalou situaci reagovala
dopisem Rad¢ vlady CR pro VVI s vyjadfenim
stanoviska a podnétd k nové metodice. Zde je uveden
plny text dopisu ze dne 5.5.2014, adresovany na Ufad
vlady CR, Odbor rady pro VVI, jejiho ptedsedu MVDr.
Pavla Bélobradka, Ph.D., MPA a zaroven
mistopfedsedu vlady pro VVI:

,, Vazeny pane predsedo,

obracime se na Vas ve véci zmen v Metodice hodnoceni vysledkii vyzkumnych organizaci a hodnoceni vysledkii
ukoncenych programii platné pro obdobi let 2013 — 2015 a dopadii téchto zmén na neimpaktovana recenzovand
odborna periodika vydavana v CR.

Podle této metodiky dochazi k upravé Hodnoceni publikacnich vysledkii (priloha 1, tabulka 1.1 a 1.2) v tom smyslu,
Ze jen recenzované clanky zahrnuté do oborové skupiny spolecenskych, humanitnich a uméleckych ved (SHVa,
SHVb) maji hodnoceni ve vysi 4 bodii. Ostatni obory, tj. technické a informatické obory, ale i fada dalsich oborii,
které podle predeslé metodiky platné do r. 2012 byly hodnoceny 4 body, ziistavaji bez bodového hodnoceni, resp.
s nulovym hodnocenim vystupti vyzkumnych projektii, tj. recenzovanych Cclanki kategorie J,.. publikovanych
v neimpaktovanych recenzovanych periodikdach vydavanych v CR.

Vylouceni kategorie technickych a informatickych véd, spolu s dalsimi obory, mize mit dalekosahlé negativni
dopady na recenzované odborné casopisy. Recenzovany casopis Hutnické listy se radi k této ohrozené skupiné.
Hutnické listy jsou odbornym casopisem pro metalurgii a materidlové inzenyrstvi s hlubokou tradici od r. 1946.
Vzdy predstavovaly kvalitni platformu pro odborné publikace vysledkii védeckych, vyzkumnych a rozvojovych
programii FeSenych na akademickych pracovistich, ve vyzkumné i vyrobni sfére. Z tohoto pohledu maji dnes
Hutnické listy nezastupitelnou ulohu pro vesitelska pracovisté v oboru hutnictvi a materialového inzenyrstvi i v
souvisejicich a navazujicich oborech, protoze poskytuji uvedenym resitelskym pracovistim kvalitni publikacni
platformu s moznosti verejné oponentury formou objektivniho recenzniho rizeni u vsech hlavnich clankii. Absence
bodového hodnoceni publikacnich vysledkii podle platné Metodiky vyvola nejen problémy ve vydavani technickych
odbornych casopisu, ale i v prezentaci aplikovaného vyzkumu, vyvoje a inovaci, které jsou hlavnim prostredkem
k uvadeni novinek do vyrobni praxe a udrzeni konkurencni schopnosti ceskych vyrobcii.

Na diikaz podpory tohoto stanoviska jsou zde pripojeny podpisy zastupcii nékterych organizaci, které v Hutnickych
listech prezentuji vysledky reSeni projektit vyzkumu, vyvoje a inovaci, maji své zastoupeni v redakcni radé casopisu
nebo se pravidelné zucastiuji recenznich rizeni. Jmenovité i vyrobni podniky jsou zainteresovany na vysledcich
vyzkumnych a vyvojovych programii, a to nejen po strance aplikacni, ale primo i resitelské.

Hutnicke listy jsou dluzny dat odpovéd’ vesiteliim pracovist, kterd v casopise publikuji své vysledky, svému organu —
redakcni radé i vyrobnim podnikim na otazku, jaka bude pozice casopisu dle nové Metodiky hodnoceni vysledkii
vyzkumnych organizaci a hodnoceni vysledkii ukoncenych programii. Radu ndpravnych podnéti obsahuje
stanovisko Svazu primyslu a dopravy CR ze dne 12.3.2013, ale ani v materidlu pro jednini Rady viady CR pro
vyzkum, vyvoj a inovace k metodice ze zari 2013 nelze najit odpoved v tom smyslu, ze by kategorie technické a
informatické obory a dalsi obory byly zarazeny do skupiny oborii s bodovym hodnocenim vysledkii vyzkumu, vyvoje
a inovaci stejné jako oborova skupina SHVa nebo SHVb.

Vazeny pane predsedo, povazujte toto nase stanovisko za podnét k optimalizaci Metodiky hodnoceni vysledkii
vyzkumu, vyvoje a inovaci a k objektivizaci postaveni zminénych technickych a informatickych oborii a dalsich

oborii v systému bodovani.

Prejeme Vam a Vasemu pracovaimu tymu mnoho uspéchii ve snaze o napravu metodiky a jsme s pozdravem .....
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Kromé vedouciho redaktora dopis podepsal predseda
redakéni rady Hutnickych listd prof. Ing. Ludovit
Dobrovsky, CSc., dr.h.c., dékanka Fakulty metalurgie a
materidlového inzenyrstvi, VSB-TU Ostrava prof. Ing.
Jana Dobrovska, CSc., pfedseda dozor¢i rady
vydavatelské firmy OCELOT sr.0. a jednatel
Materidlového a metalurgického vyzkumu s.r.o. Ing.
Jaroslav Pindor, Ph.D., pfedseda predstavenstva a
vykonny feditel Hutnictvi Zeleza, a.s. RNDr. Jaroslav
Raab, 2. mistopfedseda piedstavenstva a technicky
feditel Ttineckych zelezaren, a.s. Ing. Henryk Huczala,
vedouci elektroocelarny ZDAS as. Ing. Ludvik
Martinek, Ph.D., feditel pro strategii VITKOVICE, a.s.
Ing. Jifi Michalek, Ph.D. a technicky feditel EVRAZ
Vitkovice Steel, a.s. Ing. Ludvik Strakos.

Stanovisko s podnéty ve stejném duchu obdrzela Rada
vlady CR pro VVI ve spole¢ném dopise redakce

Casopisu Slévarenstvi a Svazu slévaren. Tento dopis je
podpofen také podpisy sedmi vyznaénych pedagogl a
odborniki v oboru  slévarenstvi,  strojirenskych
technologii a materidlového inzenyrstvi z VUT v Brné.
V dobé zpracovani tohoto pfispévku je v piipraveé opét
stejné stanovisko ve formé dopisu na stejnou adresu,
ktery vypracovava Ceska slévarenska spolecnost a ktery
bude podpoten podpisy predstaviteltl fady vyznamnych
zavodt v CR.

Vsechny subjekty, které podaly své podnéty k nové
metodice budou nyni bedlivé sledovat reakci a vyvoj
v metodice, aby v pfipad¢, Ze technické obory nebudou
zrovnopravnény s témi obory, jimz zlstalo hodnoceni 4
body, pouzili vdal§im kroku pro svou argumentaci
siln€jsi kalibr a zaujali jednotny a spolecny postup.

red.

www.eosc2014.cz
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Na Rotavském potoce v horské osadé Rhodaw, ktera
se v toku €asu pfeménila na mésto Rotava, vznikaly
jiz od r. 1543 doly na Zeleznou rudu a hamry. Nejstarsi
zpravy o zpracovani Zeleza v8ak pochazeji jiz ze 14.
stol. Do r. 1628 (nékteré zdroje uvadéji 1627)
Rotavské panstvi vlastnili Slikové. Poté v dobé, kdy po
porazce Ceské reformace doSlo k masivnim
majetkovym prfevodim na Slechtické rody vérné cisafi,
ziskal panstvi hrabé Oftto Nostitz. Jeho rodu pak
panstvi patfilo az do r. 1908.

Na uzemi panstvi vyrostly Zelezarny, které

prestavovaly vzdy vyznacnou Zzelezafskou zakladnu

habsburského mocnafstvi. V r. 1615 zde pracovalo 6

hamrd, vr. 1670 jiz dfevouhelna vysoka pec, v 18.

stol. pfibyly dal8i hamry, v. r. 1800 zde pracovaly jiz 2
dfevouhelné vysoké pece a 10 hamru. Specialitou zpracovani zeleza v hamrech byla vyroba plechu, pfi¢emz jiz v 17.
stoleti se zde poprvé v Evropé plechy valcovaly. Od po¢€. 19. stol. se zavod rychle rozristal a intenzifikoval. V r. 1826
zaméstnaval jiz 400 pracovnikd a v 60. letech 19. stol. proSel vyznamnou modernizaci. Byla postavena profilova
valcovna, ktera byla pozdéji (v letech 1906 — 1907) vybavena parnim pohonem 1000 HP, dale ziharna se 2 pecemi
na generatorovy plyn, vr. 1880 byla rozSifena vélcovna plechu s parnim pohonem 250 HP, od r. 1901
dimenzovanym az na 700 HP. Byla to nejvyznamnéjsi valcovna plechu v Rakousku-Uhersku. Zavod jako prvni
v Evropé jiz ve své historické podobé uvedl do provozu technologii zarového pocinovani plechu, ktera se pfipomina
jiz vr. 1597. Z dlvodu Uspory cinu bylo vr. 1886 zavedeno i pozinkovani plechu. Pocinovna doznala svého
nejvétsiho rozmachu v dobé, kdy ve formé potravinovych konzerv dodavala valeény erar na bojisté 1. svétové valky.
Zajimavosti je, Ze z rotavského plechu byly raZeny valeéné Zelezné pétniky a Sestaky.

Jest& vr. 1880 pracovaly v Rotavé pudlovny. Do r. 1905 byly spolu s ostatnimi pudlovnami v Ceskych zemich
zruSeny. V r. 1888 byla spusténa do provozu prvni martinska pec 6 t, nasledujiciho roku slévarna a v r. 1893 dalSi
martinska pec 8 t, v letech 1902 a 1906 dalSi dvé martinské pece 20 t. Zavod byl propojen Zelezni€nimi vlieCkami
s okolnimi zelezarnami a hlavnimi zelezni¢nimi tratémi. V r. 1900 vyrabél 15 tis. t oceli, vétSinou pro plechy, vr. 1915
jiz 57 tis. t oceli a po spojeni s Zelezarnami v nedalekém Nejdku a Sindelové mél cely zavod Zelezarny Rotava-
Nejdek ro¢ni kapacitu 100 tis. t oceli.

Rotava vyrabéla plostiny pro novou valcovnu tenkych plech v Nejdku, vybudovanou v r. 1908. V provoze v Rotavé
pracovala plechotrat a dale hruba, stfedni a jemna profilova trat. Sindelova pak provozovala plechotrat, pozinkovnu
a slévarnu. Prvenstvi ve vyrobé bilych plech(l ziistalo spojenym Zelezarnam i po vzniku CSR, a to aZ do zastaveni
provozu v letech 1930 — 1932 v dusledku svétové hospodarské krize. Po odeznéni krize a po spojeni s Banskou a
hutni spole¢nosti se obnovilo valcovani plechu. Vznikla také samostatna a.s. Valcovny plechu. Nova vlastnicka
spolecnost totiz ve snaze pfibliZit finalni vyrobu plechu mistu plvodu polotovar(, tj. Trineckym Zelezarnam (dosud
totiz plostiny dodavalo Némecko), postavila v letech 1920 — 1930 novou valcovnu plechu pfi Karlové huti v Liskovci.
Ale to je jiz novodoba historie a zde vstupujeme na samotny prah soucasnosti. Za 2. svétové valky byl podnik
némeckym maijitelem Vereinigte Stahlwerke AG orientovan plné na zbrojni vyrobu. V povale¢nych letech se provozy
v Rotavé zastavily. AZ v r. 1957, kdy zavod patfil pod Skoda Plzefi, se vyroba znovu rozjela. Posléze byla postavena
nova slévarna a zavod preSel na strojirenskou vyrobu, jejimz pfedmétem byly prfedevSim Upravenské stroje,
valcovaci zafizeni a vulkanizaéni lisy. V r. 2003 byla zruSena stara slévarna, jejiz Zalostné torzo v aredlu zavodu
dosud stoji. Dnes pracuji provozy orientované na strojirenskou vyrobu pod souhrnnym nazvem ROTAS Strojirny
spol. s r.o.

Prvni fotografie ze sbirky Petra Berana ukazuje celkovy pohled na zavod Rotava v r. 1900. Druha fotografie z r. 2011
ukazuje pohled na spravni budovu zavodu postavenou v r. 1939. Fasada budovy, jejimz autorem je patrné stejny
architekt, ktery se podilel na vystavbé zavodu pro

braniborskou firmu Vereinigte Stahlwerke

AG, Eberswalde, do jejihoz vlastnictvi tehdy zavod

v Rotavé patfil, je tvofena reznym zdivem, typickym

pro primyslovou architekturu i v dalSich prdmyslovych

lokalitach u nas.
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FAKULTA PRIEMYSELNYCH TECHNOLOGIi V PUCHOVE

Trencianska Univerzita Alexandra Dubceka v Trencine

Fakulta priemyselnych technolégii (FPT) svojim zameranim predstavuje unikat v rdmci SR
vo vychove odbornikov v oblasti kovovych a nekovovych materidlov, najma gumy,
silikdtovych materialov a textilu. Je vynimoc¢na predovsetkym priamou vazbou na vyrobnu
prax, a to ako pripravou odbornikov pre jej potreby, tak i Strukturou Studia Specializovanou
vramci akreditovanych Studijnych programov, ¢im je plne kompatibilnou s modelmi
vzdelavania na poprednych univerzitach v krajinach EU.

Kvalitu Fakulty priemyselnych technoldgii potvrdzuje aj hodnotenie nezavislych agentur
ARRA a profesia.sk. V hodnoteni ARRA (od roku 2005) sa FPT kazidorocne umiestiiuje
v prvej desiatke vsetkych technickych fakult na Slovensku. Agentura profesia.sk hodnoti
poradie fakult slovenskych vysokych skél podla zaujmu zamestnavatelov o absolventov
fakult. FPT bola vyhodnotena na 7. mieste medzi fakultami s najvysSim zaujmom
zamestnavatelov.

Fakulta priemyselnych technolégii ponuka kvalitné studium v akreditovanych Studijnych
programoch v $tudijnom odbore 5.2.26 materialy. Studenti maju moZnost absolvovat ¢ast
Studia na zahranicnych vysokoskolskych instituciach prostrednictvom programu ERAZMUS.

Akreditované studijné programy na FPT v Puchove:
e Bakalarske Studijné programy:

¢ Inziniersky Studijny program:

e Doktorandsky studijny program:

Ilvana Krasku 491/30 tel.:032/7400 814
020 01 Puchov www.fpt.tnuni.sk



http://www.fpt.tnuni.sk/
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