POLSKA AKADEMIA NAUK
ODDZIAL W LUBLINIE

KOMISJI
MOTORYZAGJI

| ENERGETYKI
ROLNICTWA

POLISI ACADEMY OF SCIENCES
BRANCH IN LUBLIN

COMMINSION
OF MOTORIZATION
AND POWER INDUSTRY
IN AGRICULTURE

;ULIIME x 5

NN 1641-773¢



POLISH ACADEMY OF SCIENCES BRANCH IN LUBLIN
LUBLIN UNIVERSITY OF TECHNOLOGY
VOLODYMYR DAHL EAST-UKRAINIAN
NATIONAL UNIVERSITY OF LUGANSK

TEKA

COMMISSION OF MOTORIZATION
AND POWER INDUSTRY IN AGRICULTURE
LUBLIN UNIVERSITY OF TECHNOLOGY
VOLODYMYR DAHL EAST-UKRAINIAN
NATIONAL UNIVERSITY OF LUGANSK

Volume XC

LUBLIN 2010



President of editorial and scientific committee

Eugeniusz Krasowski

Secretary Zbigniew Burski

Editorial committee

Jan Glinski, Karol Cupial, Aleksandr Dashchenko, Sergley Fedorkin,
Oleksandr Holubenko, Anatoliy Yakovenko, Janusz Laskowski,
Jerzy Merkisz, Ryszard Michalski, Aleksandr Morozow, Janusz Myslowski, Ilya Nikolenko,
Pawel Nosko, Stanislaw Nizitiski, Marek Opielak, Marek Rozmus, Wolodymyr Snitynskiy

Scientific committee

Andrzej Ambmzik, Kielce, Poland
Volodymyr Bulgakow, Kiev, Ukraine
Kazimierz Dreszer, Lublin, Poland
Bohdan Hevko, Ternopil, Ukraine
Marek ldzior, Poznan, Poland
L.P.B.M. Jonssen, Groningen, Holland
Elzbieta Kusinska, Lublin, Poland
Jozef Kowalczuk, Lublin, Poland
Stepan Kovalyshyn, Lwow, Ukraine
Nikolaj Lubomirski, Simferopol, Ukraine
Kazimierz Lejda, Rzeszow, Poland
Leszek Moscicki, Lublin, Poland
Ignace Niedziolka, Lublin, Poland
Valery Diadychev, Lugansk, Ukraine

Juriy Osenin, Lugansk, Ukraine
Janusz Nowak, Lublin, Poland
Sergiey Pastushenko, Kherson, Ukraine
Jozef Sawa, Lublin, Poland

Ludvikas Spokas, Kaunas, Lithuania
Povilas A. Sirvydas, Kaunas, Lithuania
Stanisiaw Sosnowski, Rzeszow, Poland
Aleksandr Sydorchuk, Lwéw, Ukraine
Georgij Tayanowski, Minsk, Belarus
Wojciech Tanas, Lublin, Poland
Henryk Tylicki, Bydgoszcz, Poland
Danis Viesturs, Ulbrok, Latvia
Dmytro Voytiuk, Kiev, Ukraine

Janusz Wojdalski, Warszawa, Poland
Bogdan Zoltowski, Bydgoszcz, Poland

All the scientific articles received positive evaluations by independerit reviewers

Linguistic consultant: PAWEL NOSKO
Technical editor: Taisiya Drogovoz
Typeset: Hanna Krasowska-Kolodziej, Olena Mogilna
Cover design: Barbara Jarosik

© Copyright by Commission of Motorization and Power Industry in Agriculture
Polish Academy of Sciences Branch m Lublin, Lublin 2010
© Copyright by Volodymyr Dahl East-Ukrainian National University of Lugansk

Commission of Motorization and Power Industry in Agriculture
Wielkopolska Str. 62, 20-725 Lublin, Poland

e-mail: eugeniusz krasowski@up.lublin.pl
ISSN 1641-7739

Edition 300+ 16 vol.



EKA Kom. Mot i Energ. Roln. — OL PAN, 2010, 1 0C, 116-121
T . Mot.

OGICAL PROPERTIES OF HIGH NITROGEN
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. The articles has presents the results and original experimentals data of wear resistance o
:il::;;;rs);eels after hydrogenation. The results of tribological tests revealed that the size of the wear products
after hydrogenation are much higher, than before the hydrogenation of samples (linear sizes has differed in 5 -
6 times).

Key words: hydrogen resistance, high nitrogen steels, wear products.

INTRODUCTION

The operational stability of the industrial equipment is determined by the
intensity of deterioration of the interfaced surfaces, and up to 80 % of refusals of
machines and mechanisms occur became of to fracture of materials in friction units [1,
2]. High nitrogen steels are the perspective materials as a hydrogen resistant materials,
including in the friction conditions. The problem of hydrogen wear up to this time still
is not complete investigated, but some data it is possible to find in the papers [1 -8].
Hydrogen embrittlement is the process by which various metals (including high-
strength steel) become brittle up to fracture due to exposition in hydrogen. The
mechanism of this phenomenon based on the diffusion of hydrogen atoms through the
metal, At high temperatures, the elevated solubility of hydrogen allows hydrogen t
diffuse into the metal (or the hydrogen can diffuse in at a low temperature, assisted by a
concentration gradient). When these hydrogen atoms re-combine in minuscule voids of
the metal matrix to form hydrogen molecules, they create pressure from inside. This

pressure can incr.ease to levels where the metal has reduced ductility and tensile strength
up to the cracks initiation (hydro

alloy steels, nickel and gen induced cracking, or HIC). High-strength and low-
» Nickel and titanium alloys are also susceptible to hydrogen [3]. The se
of the work is to analysed lite P ydrogen [3]. The purpo

. . rary sources devoted hydrogen resistant steels and
investigated the wear products after hydrogenation,
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EXPERIMENTAL PROCEDURE

The wear resistance was measured on SMT-1(2070) friction machine according
the roller-shoe scheme under the conditions of boundary and dry friction. As the
counterbody, we used a roller made of steel 1.0503 (VSG) equivalent of 45 hardened
steel with a hardness of 55...60 HRC and stainless steel (with Cr = 11...15 %).

Hydrogenation of alloys was carried out at a current from 50 to 100 A/m? in a
solution of sulfuric acid (26% H,SO,).

The wear products were studied with a Neophot-2 microscope by treating the
images of a Canon EOS 30D digital camera on a personal computer, and friction
surfaces were examined with an EVO-40XVP electron microscope with an INCA
Energy 350 system of X-ray microanalysis. The wear products of high-nitrogen
austenitic steels and steel 45 were separated with a permanent magnet.

Table 1. Chemical Compositions of Steels and Alloys (wt. %)

Num. Grade C Cr | Mn | Si Ni \4 Si | Mo | V N

I. | AlloyNo. | 0.06 | 17.5 | 19.4 | 0.52 | 0.13 | 0.14 | 0.52 | 2.08 | 0.14 | 0.97
1 (DDT 68)

RESULTS AND DISCUSSIONS

The surface layers of manganese steel and stainless steel are destroyed as a result
of microcracking (fig.1) and separation of fragments of the material.
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Fig. 1. Friction surfaces of stainless steel (counter-body (a roller)) under
the normal friction conditions (a). EDX — spectra of fracture surfaces of stainless steel (b)

The appearance of wear products is quite diverse, which provides evidence of
different characters of fracture of the investigated materials and, correspondingly, of
their different wear rates. Subsequent experiments with these samples (with increasing
of time after hydrogenation), the wear rate is reduced (probably due to the two faf:tors:
the changing the characteristics of samples and decreasig the amount of hydrogen in the
surface layer of the alloy). It was established that if the loading increases, the sizes of
the wear products has increased. For non hydrogenated samples there are 25...40 um
(load 400 N), 25...100 pum (load 500 N). For the hydrogenated samples size of particles



118 Valerii Kolesnikov, Alexander Balitskii, Jacek Eliasz

are from 350 pm (with loadig 250 N) up to 600 microns (with loading 400 N). Ty,
morphology of the wear products has shown the significant difference in the intensity of
appearance of wear particles of hydrogenated and not hydrogenated alloys.

Fig. 2. Wear of alloys under conditions of dry friction under a load P =450N((1)
(alloy No. 1 is steel 1,0503); (2) (alloy No. 1 is stainless steel) (immediately after hydrogenation)

The results of tribological tests revealed that the sizes of the wear progucts after
hydrogenation are much higher than before the hydrogenation of samples (linear sizss
increased in S - 6 times) [2].

Fig. 3. Wear products: a) before hydrogenation; b) after hydrogenation

[aking into account the general laws of fracture of alloys (and taking inm.
account the average statistical sizes of wear products), applying the methods of
mathematical statistics, we established the general structural-energetic criteria
describing the relation of fracture intensity with the parameters of structural-phase
composition and the sizes of wear products with regard for the external friction
parameters (slip velocity and load) [4 -6].

[he problem of hydrogen resistance of steels is complicated, some data it is
possible to find in the papers [1 -9]. In the [10] has proposed to develop the new
engineering materials for long term service in hydrogenating environments. The
approach is based on the electronic concept of hydrogen embrittlement (HE), studies of
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e

stomic interaction between hydrogen and alloying e'lements in steel and the <?ffect of
alloying elements on hydrogen migration, hydroggn-mduced phase transformatlon_s and
mechanical properties of hydrogenated steels. It is shown that a reason for HE is 'the
hydrogen-caused increase in the concentration of free electrons leading to a stnkm_g
decrease of the shear module, which results in a strongly modified mechanism of plastic
deformation leading to pseudo-brittle fracture.

The developed concept is applicable for all non hydride-forming fn'etals. Th.e
knowledge of optimal chemical compositions of hydrogen-resistant austenitic st.e_els is
obtained from the studies of Me-H bonding energies in the solid solution, moblhty of
dislocations, hydrogen migration enthalpy and hydrogen-induced phase transformations
in relation to mechanical properties.
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Fig. 4. Stress-strain curve of hydrogen-free and hydrogen-charged steels. Effect of Ni
in a model steel (a); effect of chemical composition on hydrogen migration enthalpy
and hydrogen embrittlement of austenitic steels (5) [10]

The tendency of hydrogen to localization should be considered as a major factor
of hydrogen degradation. The localization of hydrogen allows significant changes in
materials even at very low hydrogen concentrations. Effects arising at hydrogen
concentrations in metals of the order of 0.1 - 0.01 at. % would not exist at all if its
distribution were uniform [11]. Two effects different in nature are concerned with the
factor of localization. The essence of the first one is that, in the already perfect
crystalline lattice of metal, the presence of clusters [12, 13] in the form of a nearly
periodic lattice of the protonic subsystem (electrons of hydrogen and the metal are
collective), which is "dipped" into the lattice of the metal and has a lattice constant of
order nearly identical to that of the metal [13], is more favorable in terms of energy
rather than the uniform distribution of the dissolved hydrogen. This means that the
atomic concentration of hydrogen in these regions of the phase enriched in hydrogen
approaches 100%. This effect depends on the electron density of the metal and on
lemperature, since clusters become unstable and resolve at temperatures of about 500 K,
Le.,, when the effects of hydrogen embrittlement of metals disappear.

The other effect of hydrogen localization is its segregation in defects of the
Urystalline structure [14, 15, 16]. The importance of this effect for the behavior of
materials is aftributable to the fact that, on the one hand, it is structural defects, their
Siructure, and properties that determine the properties of materials [11].
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CONCLUSIONS \

In the absence of hydrogenation, the sizes of wear products Yiss
40 um under P =400 N and from 40 to 100 pm under P = 500 N ;:T\g\t ﬁ“‘“lx
specimens, the sizes of wear products are above 350 pm under g 1o % b Z(\IQ Y
range from 600 to 1000 pm under P = 400 N. The surface layers of mangan 20y,
stainless steel are destroyed as a result of microcracking and separation zzg M\:‘ ,
of the material. h“‘m

m
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HUCCJIEOBAHME TPUBOTEXHUYECKHX CBOVICTB
BbICOKOA3OTHCTBIX CTAJIEA IIOCJIE HABO/IOPAKUBAHAA

Banepwnit Kosecnukos, Anexcanap Banuukuis, Suex Ennam

Aunoranus. Crambid  NOCBAUICHE  IKCOCPHMCHTANBHBIM  JAHHEIM TpaboTexanyeckmX  caoficrn
SHICOKOWIOTHCTEIX CTAJICH NOC/IE HABONOPWKHBANMA. PesyIbTarsi TPHOONIOTHYCCKAX HOMBITaIS BBIABHITH,
90 PINCP MPOAYKUMH ORCKIE NOC/C HABOAODIKKBAHWA HAMFOTO BHILE, ueM 10 HABOI0pRAHBARNA
o6paILioB (MHCHHEIC PASMEPH OT/HAAIOTCR 5 - 6 pasamy), Takke TIPHBCCH KPaTKH anams THTCpATYp)

}1 HHTEPHET HCTOWHMKOB FTOCBAILICHHBIX BONOPOAHOM CTOMKH CTaneti. i 2
K/moueBsic ¢J10BA: BOAOPOACTOMKAs CTamb, BHCOKOAIOTHCTAS

iy CTab, HCpXKaBEOmAR CTans, NpORyKTH



