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STUDY OF ENERGY IONS, THEIR VARIETIES
AND CHARGE ON TEMPERATURE,
RATE OF TEMPERATURE RISE, THERMAL STRESSES
FOR NANOSTRUCTURESON STEEL MATERIALS
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!National Aerospace University named by N.Ye. Zhukovsky «KhAl»
Kharkiv, Chkalov str., 17, 61070
2Joint Stock Company «FED» Kharkiv
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Taking as criteria for obtaining nanostructures desired temperature
range, the rate of rise of temperature, pressure (thermal stress) and the
presence of the catalyst, we can consider the possibility of obtaining
nanostructures depending on the physical and technological parameters of
flow during processing, which will analyze some of the theoretical and
technical task:

I. The model of interaction of streams of ions of different sorts,
energy, charge and current densities, which allows:

— to obtain the depth range, which is likely to receive for each of the
nanostructures streams separate and evaluate the effect of flow depth;

— calculate the distribution of temperature fields and thermal
stresses in the amount of detail;

— to determine the grain size;

— organize the flow of particles so that the maximum amount of
items has been filled the fields of temperature and thermal stress (theo-
retically and technologically);
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— determine the amount theoretically nanocluster particles in a
quantity of nanoclusters formed in unit time.

I1. The theory of the interaction of nanoclusters (nanocrystals) their
size, power relations between them and the physical and mechanical
properties of nanostructures, which allows you to:

— calculate the size of nanoclusters energy ties with neighboring
nanoclusters (grains) and physic-mechanical properties of the nanomaterial;

— to obtain the theoretical dependence of physical and mechanical
characteristics of the nanostructures on the grain size, location and nature of
their interactions, completeness volume nanostructures.

I1l. Experimental and theoretical model of grain size due to the
physical and mechanical characteristics: micro-hardness; the coefficient of
friction; the yield strength; tensile strength; the modulus of elasticity; wear;
resistance of cutting tools.

1. Adhesion bond nano-coatings to the base material part (theory).

2. Technical solution: software start flow of ions of different sorts,
energy, charge and current densities. Solving these problems will help you
find the physical and technological parameters of ion fluxes, which will
provide the desired physical and mechanical properties of nanostructures and
nanomaterials. Now consider the real possibility of implementing these tasks.

The interaction of charged particles and plasma flows with struc-
tural materials related to the implementation of a wide range of processes:
collisional, thermal, thermomechanical thermal fatigue, diffusion, thermo-
chemical and plasma, but there are currently no job, taking into account
these factors and the more their relationship. These processes influence both
on the nature of heat transfer in the target volume and on the surface, so
keeping these processes needed in the balance of energy in a volume
element of a metal target and a target heat exchange surface, i.e. in boun-
dary conditions.

Studies of temperature stresses at the boundary of nanostructure
formation were carried out for ions C, B, N, Al, Ti, V, Cr (Fig. 1), Fe, Ni,
Co, Y, Zr, Nb, Mo, Hf, Ta, W, Pt.

With increasing ion charge and ion energy value of their increased
slightly, with the exception of aluminum ions, for which the voltage
increases to energy 2000 eV, then decline. The voltages range from 10° to
10® H/m? maximum values are realized for triply charged ions of Hf, Ta,
W, Pt and constitute 5,85-10% H/m®.

The values of thermal stresses on the boundary of the formation of
nanostructures even by themselves are not sufficient to produce nano-
structures, but together with the action of the other two factors — the
temperature and the rate of increase in temperature will significantly
accelerate the emergence of nanostructures on the border zone.
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Fig. 1. Plots of the values of thermal stress on the border of nanostructure
formation on the charge and energy of the ions:
a) C,B,N; b) Al; ¢) Ti, V, Cr

For the same ions, the maximum thermal stresses — in nanoclusters
were also determined. The magnitude of the stresses increased significantly,
about more than an order of magnitude, which, depending on the charge (to
an energy of 200 eV) increases, i.e., with increasing charge voltage
temperature rise, whereas with increasing energy from 2:10° to 2:10* eV and
increasing the value of the charge of thermal stresses are reduced.
Exceptions are ions Hf, Ta, W, Pt, where the energies of 200 eV and 2000,
an increase in thermal stress. The dependence of the maximum thermal
stresses the energy for almost all of the charges at a maximum ion energy of
ions 2-10% eV, with the exception of dependence o = f(E) for singly charged
ions of Ti, V, Cr, Fe, Ni, Co, Y, Zr, Mo, where the energy increases the
value of thermal stress are increasing, due to the small area of the
nanostructure formation (nanocluster).
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