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Abstract – The change of structure-phase state and 

distributions of elements in a surface layer of 

0.38C–Cr–3Ni–V steel was investigated at implan-

tation by beams of Cr + B ions, and also change 

wear resistance and hardness at work in pair of 

friction “steel 0.38C–Cr–3Ni–V-polyamide Pa-66”. 

The increase of tribomechanical properties is con-

nected with change of a structural – phase state of 

steel at modification of surface by Mo and B ions. 
 

1. Introduction 

The hydrogen type of wearing characteristic for a line 
of the essentially important scheme of contact interac-
tion of metalpolymer friction pair, in a particular, for 
widely used in a chemical and gas industry of me-
chanical seal regulating significant differences of 
pressure of hydric gases. The researches of surface 
layers behaviour of materials at loading, realized in 
last years, show, that the producing of nonequilibrium 
condition of thin surface layers improve tribological 
and mechanical properties of materials. An effective 
way is the creation in a superficial layer of nanostruc-
ture having a significant volume fraction of defect 
phases. In result the surface of barrier layers is created 
which can difficult a diffusion of hydrogen, generation 
of dislocation and formation of microcracks in a sur-
face layer and their penetration into material volume, 
that inhibit a surface layer degradation and prevents 
premature wear and material fracture.  

One of methods of creation nonequilibrium nanos-
tructure in surface layers of metals and alloys is treat-
ment of an ion irradiation [1]. In [2] it mark, that im-
plantation in a surface layer of martencite steel SHH-
15 and 0.38C–Cr–3Ni–V of several elements simulta-
neously, such as Ti + B, Al + B, Cr + B is more effec-
tive, than implantation of one element.  

The purpose of the present work is the compara-
tive study of wear resistance of steel 0.38C–Cr–3Ni–V 
at a hydrogen wear in initial state and after ion im-
plantation by Cr and B ions and also investigation of 
structural – phase transformations and mechanism of 
change wear resistance at surface treatment by a com-
posite beam of Cr + В ions.  

2. Experiment 

Irradiation by composite beams of Cr + B ions was 
carried out using vacuum-arc pulse ion source such as 

“DIANA-2” at an accelerating voltage 80 kV, ampli-
tude of a current of ion beam 580 mA, impulse fre-
quency 50 Hz, impulse duration 250 ms. The residual 
pressure in the vacuum chamber was 3 ⋅ 103 Pа. Two-
component beams of Cr + B ions produced using com-
posite cathodes containing about 60% Cr and 40% B 
made by powder metallurgy method. By X-ray method, 
it was established that there are СгВ and Сг5В3 phases 
in structure of cathode. 

Temperature of heating of samples at implantation 
did not exceed 150 °C. An irradiation by ionic beams 
carried out at 48 mQ/sm2 doze. The methods of prepa-
ration of samples and materials, research technique 
and used equipment are described in detail in [3]. 
Wearing of samples carried out in water environment 
under the scheme “shaft – pad”. The time of wearing 
of each sample was 8 h.  

X-ray investigation carried out using diffractome-
ter DRON-3. The phase composition and the crystal-
line structure parameters of the surface were examined 
by the X-ray using the FeK

α
 radiation. Using of main 

diffraction reflections allow to do qualitative phase 
analysis and to receive values of parameter of crystal-
line lattice of main phase Transmission electron mi-
croscopy (TEM) has been used to investigate the mi-
crostructure and phase composition of the surface 
layer of samples using selected area diffraction. It has 
allowed identification of phases, to measure the grains 
sizes of a composite coating, average scalar density of 
dislocations. For investigation of chemical composi-
tion was used mass-spectrometer of secondary ions 
(MSSI).  

The tests for wear-resistance were performance us-
ing the 2070SMT-1 machine. Microhardness was 
measured by nanoindentor “NanoTest 600” using Ber-
covich indenter. 

3. Results and discussion 

On the basis of the obtained curves of nanoindentation 
h(P) the hardness H and coefficient of elasticity E of  
a surface layer of samples were determined. It is clear 
(Table 1), that the irradiation by of Cr + B ions beams 
on 0.38C–Cr–3Ni–V steel results in insignificant in-
crease of hardness and elasticity and almost double 
increase of wear-resistance of a surface layer of 
0.38C–Cr–3Ni–V steel. 
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Table 1. Average meanings of hardness Н, elasticity module 

Е, and wear-resistance Δt/Δm of initial and implanted sam-

ples of 0.38C–Cr–3Ni–V steel in pair of friction with poly-

mer “poliamid-Pa-66” at wearing in distilled water 
 

Set 
Element struc-

ture of a beam  
Н, GPа Е, GPa  

Wear-resistance, 

108 s/g 

1 – 7.63 220 1 

2 Cr + B 8.48 200 2 

 
In Figure 1 the curve of changes of atom concen-

tration C of Cr and B ions as a function of depth h 
ionic implanted surface layer of samples obtained us-
ing mass-spectroscopy of secondary ions method are 
shown. It is clear, that when the penetration depth 
increases the concentration of implanted ions increase 
from some initial value С0 up to the maximal meaning 
Cmax, and then little by little up to zero.  

          C, at % 

 
h, nm 

Fig. 1. Changes of atom concentration C of Cr and B ions as 

a function of depth h of implanted surface layer of samples 

  obtained by MSSI 

The comparison of obtained curves C(h) shows, 
that in limits of an experimental error an average 
meaning of penetration depth of B ions, as well as Cr 
ions is equal h = (40 ± 4) nm. It is known, that the 
curve C(h) describes distribution of implanted ions on 
depth, therefore distributions h are determined using 
this curve. The average meaning of penetration depth 
of B ions determined on the basis of obtained concen-
tration curves is much lower than estimated value of 
projective length of their run Rp = 93 nm in iron [4] at 
charged of these ions equal 1. The difference of ex-
perimental and estimated value meanings can be con-
nected with absence in beam of the separate positively 
charged B ions in connection with unsufficiently high 
energy of an arch, evaporative and ionizing a cathode 
material in ionic source. Apparently, in this case ionic 
beam consists of ions metal and one – charged posi-
tively charged complexes metal – metalloid CrВ, 
which, being accelerated by an electrical field up to 

energy 80 keV, break up at colliding with a surface of 
a sample on metal and metalloid ions. In this case av-
erage energy of B ions should be less than 80 keV 
and, hence, average length them run is less than 93 nm 
[4], as is fixed in experiment. The average meaning of 
penetration depth of Cr ions is more than estimated 
value their average projective run 24 nm [4], that can 
be caused by difference them charged from 1. 

By X-ray method a steel 0.38C–Cr–3Ni–V was in-
vestigated in an initial state and after implantation by 
ions Cr and B. Implantation of this ions leads to 
change of crystalline lattice parameter of the basic 
phase. Difference in lattice parameter of an initial steel 
and implanted by Cr and B ions is insignificant: 
2.8666 and 2.8683 Å accordingly. In an initial state α-
phase has the lattice parameter is a close to tabulated 
value. It is connected that α-Fe with Cr forms area of 
solid solutions [5–8]. Having close atom radiuses 
(1.27 Å for Fe and 1.25 Å for Cr), Cr practically is 
completely dissolved in α-Fe. The introduced of B 
ions a little bit increase a crystalline lattice parameter 
of α-Fe. Boron can enter to α-Fe lattice as interstitial 
impurity in small quantity: no more than 0.001%. In a 
Cr crystal lattice B it is possible to dissolve no more 
than 2%. It is clear from compare of equilibrium dia-
grams Fe–B and Cr–B, that B into a solid solution α-
Fe-Cr should enter in a lot, than in at α-Fe [8]. 

The typical 0.38C–Cr–3Ni–V steel represents is 
plate-lamellar martensite with precipitation of Fe3C 
cementite of the needle form inside martensite crystals 
(Fig. 2, a).  

It is necessary to notice, that after ionic implanta-
tion the cementite precipitation, characteristic for an 
initial state practically disappear from a body of mart-
ensite crystals. Boron forming in the implanted steel 
the Fe3(BС) phase together with Fe3C cementite will 
be transformed in complex borocarbide of iron with 
the same a crystal lattice (Fig. 2, a). 

The TEM researches have shown, that on a surface 
of 0.38C–Cr–3Ni–V steel after ionic implantation the 
there are СгВ, CrB2, Сr5B3 and its combinations. 
Phase CrB it is fine particles having size less 10 nm 
(in small amount), which located on dislocations in-
side fragments of α-phase. Cr5B3 has structure close to 
amorphous. It has tetragonal crystalline lattice Cmcm 
having parameters: a = 0.2946 nm, с = 1.568 nm.  
Microdiffraction pattern from such areas of structure 
also complicate represents, as a rule, ring reflexes 
(Figs. 2, c and d).  

Inside the first ring we can see overshadow rings, 
so-called halo, having radiuses related to Cr5B3 phase 
with (I4/mcm) parameters: a = 0.537 nm; c = 1.0184 nm. 
The particles of a СгВ2 phase having hexagonal close-
packed crystal lattice have larger size. The grains of 
this phase have the extended form with the sizes 
30×100 nm and have point reflexes on microdiffrac-
tion pattern. Average scalar density of dislocations in 
steel in an initial state is 5 ⋅ 1010 cm–2.  
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Fig. 2. TEM image of a surface of 0.38C–Cr–3Ni–V steel in 

initial state (a), implanted by Cr and B ions (b), diffraction 

pattern and indexing of diffraction pattern from area A, 

  demonstrating the discovered phases (c, d) 

Thus, dislocation are distributed uniformly on all 
material. In implanted steel dislocation located non-
uniformly: there are places with large scalar disloca-
tion density and places completely dislocation free 
(average scalar dislocation density is 1.5 ⋅ 1010 cm–2).  
 

4. Conclusion 

1. At implantation of Cr and B ions occur the com-
bined formations consisting of a mix of various phases 
of system Cr–B: a-Fe + Сг5В3 + СгВ2; and – α-Fe + 
+ Сr5ВЗ + СгВ2 + СгВ; α-Fe + СгВ + СгВ2 of Crys-
talline lattice parameter of implanted steel increases. 
  2. Ionic alloying by such elements, as Cr and B, 
transforming a surface layer in barrier, make difficult 
the penetration of hydrogen deep into of material, the 
surface layer is enriched by atoms of the interstitial 
elements up to a various degree and on different 
depth, that characterize not only gradient of chemical 
composition, but also the change of its structural-
phase state on depth of a layer and thus decreases rate 
of hydrogen wearing. At implantation of composition 
ions there is an intensive precipitation and coarsening 
of new fine-dispersed strengthening phases and disso-
lution initial that take place.  

3. As a result of change of structural-phase state, 
wear-resistance, hardness, and elasticity module of a 
surface layer of implanted samples of 0.38C–Cr–3Ni–
V steel at work in pair of friction with poliamid Pa-66 
increase. 
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