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One way to improve the performance properties of cast iron piston rings, exposed
to abrasion, is boriding. However, the use of traditional boriding methods, associated
with diffusion of boron into a solid phase, leads to the formation of a working layer
having high brittleness. Therefore, the actual problem is the development of a
different method of surface hardening, not leading to embrittlement. Implementation
of such a process can be carried out using laser heating accompanied by surface layer
melting. The properties of the product on which a borated layer is applied depend on
the depth of the latter.

Analysis of publications shows that the technique of increasing the wear
resistance of piston rings by boriding, conducted using non-traditional methods, but
using the latest technologies has not been developed so far. In sources [1-3] they
proposed to increase durability by either traditional borating, or laser treatment.
However, there is no association of these two technological processes.

Implementation of such a process can be carried out by establishing the
interrelation between the parameters of laser heating and the depth of the borated
layer.

The objective of this work was to determine the influence of laser action
parameters into the depth of the borated layer and revealing the features of structure
formation of such layers.

The research material applied was ductile iron containing C 3,47%,

Si 2,15%, Mn 1,36%. After pretreatment, it had a ferrite-perlite structure (85-
90% perlite). The size of nodule corresponds to 3 points. Laser treatment was carried
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out using the continuous CO; laser. At a constant irradiation power they varied the
speed of movement of the sample in the range of 2-4 mm/sec. The thickness of
coating boron was 0.15 mm and 0.30 mm. Conditional defocusing (Fcond) allowed to
change the irradiation spot diameter from 2 to 4mm.

The structure, phase composition, the depth of the borated layer was studied by
optical microscopy, using conventional and staining etching as well as X-ray
structural analysis

The change in the metal structure as a result of doping occurs only in the melting
zone. A deeper penetration of the metal matrix occurs near the graphite inclusions
that confers the border in waves.

It can be assumed that the resulting effect i1s due to a significant increase in the
surface temperature resulting in intense evaporation of the coating layer, increasing
the energy costs for evaporation.

X-ray analysis showed that the borated layer in the ductile iron contains such
phases as Feg, Fe2p, a-phase, borocementite Fes; (B, C).

It can be show that the variation of defocusing conditions results in a noticeable
change in the depth of the layer of laser doping. Thus, reducing the defocus, it causes
a decrease in the depth of laser irradiation.

Comparing the patterns of layers with the comparable depth illustrates the effect
of coating depth on the structure. For example, a three-zone layer with predominance
of eutectic and hypoeutectic structures can become dual-zone with hypereutectic and
eutectic zones with a predominance of the first one when changing the thickness of
coating from 0.3 to 0.15 mm.

With increasing the exposure rate, under otherwise equal conditions of treatment
there is a decrease in the depth of the layer, 1.e. the volume of the molten metal bath
decreases and consequently- the amount of boron dissolved in it increases therein.
The data of X-ray diffraction and microscopic analysis reveal a change in the layer
composition. X-ray diffraction shows an increase in the intensity of borocementite
lines with the growth of irradiation rate, and microstructurally it is revealed by an
increase in the share of structures with a high content of boron.
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