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Summary. The articles has presents the results and original experimcntals data o f  wear resistance of high 
nitrogen steels after hydrogenation. The results o f  tribological tests revealed that the size o f  the wear products 
after hydrogenation are much higher, than before the hydrogenation o f  samples (linear sizes has differed in 5 •
6 times).

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

INTRODUCTION

The operational stab ility o f the industria l equipm ent is determ ined by the 
intensity o f deterioration o f the interfaced surfaces, and up to  80 %  o f  refusals of 
machines and mechanisms occur became o f to  fracture o f m ateria ls in  fric tio n  units [ l,  
2]. High nitrogen steels are the perspective m aterials as a hydrogen resistant materials, 
including in the friction  conditions. The problem  o f hydrogen wear up to th is time still 
is not complete investigated, but some data it is possible to  fin d  in  the papers [1 -8]. 
Hydrogen embrittlement is the process by w hich various m etals (inc lud ing  high- 
strength steel) become brittle  up to fi"acture due to  exposition  in  hydrogen. The 
mechanism o f this phenomenon based on the d iffu s ion  o f hydrogen atoms through the 
metal. A t high temperatures, the elevated so lu b ility  o f hydrogen a llow s hydrogen to 
diffuse into the metal (or the hydrogen can d iffuse in at a low  tem perature, assisted by a 
conceniration gradient). When these hydrogen atoms re-com bine in  m inuscule voids of 
the metal matrix to form hydrogen molecules, they create pressure from  inside. This 
pressure can increase to levels where the metal has reduced d u c tility  and tensile strength 
яИоС I 6 !：raCkS, ,п,,Паи〇п ^ r o g e n  induced cracking, o r Н ІС ). H igh-strength and low- 
o f the w \ П1СкЄ 8nd Utanium all〇ys are also susceptible to  hydrogen [3 ]. The pmpose
investi»flr?V.v,IS ，〇 ana^ set  ̂ ^ te**ary sources devoted hydrogen resistant steels and 

〇 the wear products after hydrogenation.
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EXPERIMENTAL PROCEDURE

The wear resistance was measured on S M T-1(2070) firiction machine according 
the roller-shoe scheme under the conditions o f boundary and dry friction. As the 
counterbody, we used a ro lle r made o f steel 1.0503 (VSG) equivalent o f 45 hardened 
steel w ith a hardness o f 55...60 HRC and stainless steel (w ith Cr = 11...15 %).

Hydrogenation o f a lloys was carried out at a current from  50 to 100 A/m 2 in a 
solution o f su lfiiric  acid (26%  H 2S 04).

The wear products were studied w ith  a Neophot-2 microscope by treating the 
images o f a Canon EOS 30D d ig ita l camera on a personal computer, and friction 
surfaces were examined w ith  an EVO-40XVP electron microscope w ith an INCA 
Energy 350 system o f X -ray m icroanalysis. The wear products o f high-nitrogen 
austenitic steels and steel 45 were separated w ith a permanent magnet.

T able 1. Chemical Compositions of Steels and Alloys ( w t  %)

Num. Grade c Cr Mn Si N i V Si M o V N
1. A lloy  N o .

1 (D D T  6 8 )
0 .0 6 17.5 !9 .4 0.52 0.13 0.14 0.52 2.08 0.14 0.97

RESULTS AND DISCUSSIONS

The surface layers o f manganese steel and stainless steel are destroyed as a result 
of m icrocracking ( f ig . l)  and separation o f fragments o f the material.

a b

Fig. 1. Friction surfaces o f  stainless steel (counter-body (a roller)) under 
the normal friction con d ition s (a). E D X  -  spectra o f  fracture surfaces o f  stainless steel (b)

The appearance o f wear products is quite diverse, which provides evidence o f 
different characters o f fracture o f the investigated materials and, correspondingly, o f 
their different wear rates. Subsequent experiments w ith these samples (w ith increasing 
of time after hydrogenation), the wear rate is reduced (probably due to the two factors: 
the changing the characteristics o f samples and decreasig the amount o f hydrogen in the 
surface layer o f the a lloy). I t  was established that i f  the loading increases, the sizes o f 
the wear products has increased. For non hydrogenated samples there are 25 …40 цлі 
(load 400 N), 25...100 цш (load 500 N ). For the hydrogenated samples size o f particles
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Fig. 2. Wear o f alloys under conditions o f dry fric tion  under a load P  = 450 N ((1) 
(alloy No. 1 is steel 1,0503); (2) (alloy No. 1 is stainless steel) (immediately after hydrogenation)

The results o f tribo log ica l tests revealed that the sizes o f  the wear products after 
hydrogenation are much higher than before the hydrogenation o f  samples (linear sizes 
increased in 5 - 6 times) [2 ].

100 200 300 ЦШ 0 100 200 300 цт

a Ъ

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

Taking into account the general laws o f fracture o f a lloys (and taking into 
account the average statistical sizes o f wear products), app ly ing  the methods ot
maihematical statistics, we established the general structural-energetic criteria 
describing the relation o f fracture intensity w ith  the parameters o f  structural-phase 
composition and the sizes o f wear products w ith  regard fo r the external frictior 
parameters (s lip  velocity and load) [4 -61，

The problem o f hydrogen resistance o f steels is com plicated, some data it І! 
possible to find in the papers [1 —9 ] .丨n the [10] has proposed to develop the nev 
engineering materials for long tem i service in hydrogenating environments. Th< 
approach is based on the electronic concept o f hydrogen em brittlem ent (H E), studies о

are from 350 цш (w ith  loadig 250 N ) up to  600 m icrons (w ith  loading 400 N). The 
morphology o f the wear products has shown the s ig n ific a n t d iffe rence  in  the intensity 〇f 
appearance o f wear particles o f hydrogenated and not hydrogenated alloys.
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aromic interaction between hydrogen and a lloying  elements in  steel and th e ，ffe c t o f
alloying elements on hydrogen m igration, hydrogen-induced phase transform ations and 
mechanical properties o f hydrogenated steels. It is shown that a reason fo r H E  is the 
hydrogen-caused increase in the concentration o f free electrons leading to  a s trik in g  
decrease o f the shear module, which results in  a strongly m odified mechanism o f p lastic  
deformation leading to pseudo-brittle fracture.

The developed concept is applicable fo r a ll non hydride-fo rm ing  metals. The 
knowledge o f optimal chemical compositions o f hydrogen-resistant austenitic steels is 
obtained from the studies o f M e-H bonding energies in the so lid  so lu tion, m o b ility  o f  
dislocations, hydrogen m igration enthalpy and hydrogen-induced phase transform ations 
in relation to mechanical properties.

Fig. 4. Stress-strain curve o f hydrogen-free and hydrogen-charged steels. Effect o fN i 
in a model steel (a); effect o f chemical composition on hydrogen migration enthalpy 

and hydrogen embrittlement o f austenitic steels (b) [10]

The tendency o f hydrogen to  loca liza tion  should be considered as a m a jo r fa c to r 
of hydrogen degradation. The loca liza tion  o f hydrogen a llow s s ig n ifica n t changes in  
materials even at very low  hydrogen concentrations. E ffects a ris ing  at hydrogen 
concentrations in metals o f the order o f 0.1 - 0.01 at. %  w ou ld  no t ex ist at a ll i f  its  
distribution were uniform  [11 ]. Tw o effects d iffe re n t in  nature are concerned w ith  the 
factor o f localization. The essence o f the firs t one is that, in  the already pe rfe c t 
crystalline lattice o f metal, the presence o f clusters [12, 13] in  the fo rm  o f  a n e a rly  
periodic lattice o f the protonic subsystem (electrons o f hydrogen and the m eta l are 
collective), which is "dipped" in to  the la ttice  o f the m etal and has a la ttice  constant o f  
order nearly identical to  that o f the m etal [1 3 ], is m ore favorable in  term s o f  energy 
rather than the uniform  d is tribu tion  o f the d issolved hydrogen. T h is  means th a t the 
atomic concentration o f hydrogen in these regions o f  the phase enriched in  hydrogen 
approaches 100%. This e ffect depends on the electron density o f  the m eta l and on 
temperature, since clusters become unstable and resolve at tem peratures o f  about 500 K , 
i e., when the effects o f hydrogen em brittlem ent o f m etals disappear.

The other effect o f hydrogen loca liza tio n  is its  segregation in  defects o f  the 
ciystalline structure [14, 15, 16]. The im portance o f th is  e ffe c t fo r the b e ha v io r o f  
materials is attributable to the fact that, on the one hand, it  is s tructu ra l defects, th e ir 
structure, and properties that determ ine the properties o f m ateria ls [1 1 ].
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CONCLUSIONS

In the absence of hydrogenation, the sizes o f wear products has та 
40 цш under P = 400 N and from 40 to 100 vim under P =  500 к  
specimens, the sizes of wear products are above 350 ц т  under a load p 
rang6 from 600 to 1000 \m  under P = 400 The surface layers o f mangane?^
stainless steel are destroyed as a result o f m icrocracking  and separation 
〇f  the material.
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ИССЛЕДОВАНИЕ ТРИБОТЕХНИЧЕСКИХ СВОЙСТВ 
ВЫСОКОАЗОТИСТЫХ СТАЛЕЙ ПОСЛЕ НАВОДОРАЖИВАНИЯ

Валерий Колесников, Александр Балицкий, Яцек Елиаш

С таля  посвящена экспериментальным данным триботсхничсских свойств 
лн!* к〇из〇гиСТЫх сталей после наводораживаиил. Результата трибологических испытаний вы иили, 
^  рюмер продукции одежды после наводораживавия намного выше, чем до наводоражимни* 
〇6 p « ii〇D (.чинейные размеры отличаются 5 -6  разами). Также приведен краткий анализ литературных 
>1 wrrq>H^r источников посвященных водородной стойки сталей.

К.и〇 чевые слова: водородстойкая сталь, высокоазотистая сталь, н^жавеюшая 
нзносл- продуїпьі


