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Purpose. The goal was to determine the effect of laser heating parameters on the structure and depth of the borated
layer, since the properties of piston rings depend on the depth of the latter.

Research methods. Microstructural and X- ray phase analyzes were used to determine the structural state of piston
rings.

Results. Application of traditional boriding methods associated with diffusion of boron into the solid phase leads to
formation of the working layer having high brittleness. The conducted studies revealed that the increase in the speed of
displacement of the part in the process of laser heating reduces the depth of the borated layer. Such a dependence is
observed both at 0.15 mm thickness of coating and at a thickness of 0.30 mm. For all modes of workpiece displacement
speed for the used boron containing envelope with the above-specified thickness a higher thickness of the borated layer
and the heat affected area corresponds to a higher thickness of coating. Increase of the spot size leads to an increase in
the depth of the layer. By X- ray and metallographic diffraction there were decoded the phases and structural constituents
of the borated layer.

Scientific novelty. An approach to solving the problem of increasing the wear resistance of piston rings without
crumbling is shown. The use of laser heating during drilling ensures the formation of a new layer with special properties.
However, optimal properties can be achieved only after establishing a relationship between the parameters of the process
and the depth of the boron layer. X-ray and metallographic analysis determined the relationship between the rate of
irradiation and the proportion of high-boron structures in the layer. It is shown that the borated layer in high-strength

cast iron contains such phases as FeB, Fe;B, a- phase, borocementite Fe3(B,C).
Practical value. Increased wear resistance of piston ring materials, which often limits the growth of machine
productivity and their service life. Research results can be extended to other parts subject to intensive wear.
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Introduction

One way to improve the performance properties of
cast iron piston rings, exposed to abrasion, is boriding.
However, the use of traditional boriding methods associ-
ated 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 dif-
ferent method of surface hardening, not leading to embrit-
tlement. Implementation of such a process can be carried
out using laser heating accompanied by surface layer melt-
ing. However, this method can be offered to be used in the
production only after a detailed study of the relationship
between the parameters of process implementation and the
depth of the layer, as well as after studying the peculiarities
of structure formation under specific conditions of laser
boriding. 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,
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conducted using non-traditional methods, but using the
lat-est technologies has not been developed so far. In
sources [1-3] they proposed to increase durability by
either tradi-tional borating, or laser treatment. However,
there is no as-sociation 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
influ-ence of laser action parameters into the depth of the
borated layer and revealing the features of structure
formation of such layers.

Purpose

The goal was to determine the effect of laser heating pa-
rameters on the structure and depth of the borated layer, since
the properties of piston rings depend on the depth of the latter.
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Material and methods of the experiment

The research material applied was ductile iron con-
taining C = 3.47 %, Si = 2.15 %, Mn = 1.36 %. After pre-
treatment, it had a ferrite-perlite structure (85-90% perlite).
The size of nodule corresponds to 3 points.

Laser treatment was carried 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/s. The thickness of coating boron was 0.15 mm
and 0.30 mm. Conditional defocusing (Fecond) allowed to
change the irradiation spot diameter from 2 to 4 mm. A
mixture of amorphous boron with acetone and zapon var-
nish was used as a coating material.

The structure, phase composition, the depth of the bo-
rated layer was studied by optical microscopy, using con-
ventional and staining etching as well as X-ray structural
analysis.

Findings

With the help of etching by a 4 % nitric acid solution,
revealing the entire layer structure, it was established that
the change in the metal structure as a result of doping oc-
curs only in the melting zone. Study of the profile of the
reflow zone boundary indicates that a deeper penetration of
the metal matrix occurs near the graphite inclusions that
confers the border in waves.

Fig. 1 shows the dependence of the depth of the bo-
rated layer on the speed of workpiece displacement for two
cases — with a coating thickness of 0.15 and 0.30 mm
(curve 1 and 2 respectively).
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Fig. 1. Dependence of the depth of the borated layer on the rate
of workpiece displacement: 1 — 0.3 mm thickness of coating;
2 — 0.15 mm thickness of coating

The graph shows that with an increase in the velocity
of sample movement the depth of the borated layer de-
creases. Such dependence is observed both at 0.15 mm
thickness of coating and at a thickness of 0.30 mm. Over a
full range of speeds of workpiece movement for the applied
boron containing coating with the specified thickness a
greater thickness of the borated layer and HAZ corresponds
to greater thickness of coating.

Fig. 2 shows a histogram of the depth of the borated
layer with a thickness of 0.3 mm and the workpiece veloc-
ity of 2 mm/s for the spot diameter 2 and 4 mm, and Fig. 3
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presents the same histogram in case of specimen velocity
of 4 mm/s.
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Fig. 2. Histogram of the borated layer depth with a thickness of

0.3 mm and specimen velocity of 2 mm/s for different diameter
of the spot
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Fig. 3. Histogram of the depth of the borated layer with a thick-
ness of 0.3 mm and specimen velocity of 4 mm/s for different
spot diameter

The above histograms show that the variation of de-
focusing conditions, the consequence of which is the
change of the spot diameter irradiation, results in a notice-
able change in the depth of the layer of laser doping. Thus,
reducing the defocus, ceteris paribus, the result of which
there is a decrease in spot diameter, it causes a decrease in
the depth of laser irradiation.

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

X-ray analysis showed that the borated layer in the
ductile iron contains such phases as Feg, Fe2g, a- phase,
borocementite Fe; (B, C).

A comparison of microscopic and X-ray analysis with
diagrams of state Fe-B and Fe-Fe,B-Fe;C revealed that
these phases at crystallization of melt can form throughout
the volume of the molten layer various structural compo-
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nents: a mixture of peritectic type (FeB + Fe;B), hypereu-
tectic, eutectic and hypoeutectic structures.

Differentiation of phases in various structures is car-
ried out by the method of coloring etching; by the analysis
of primary crystals forms.

Excess o- phase is formed from y- phase primary
crystals according to the martensitic mechanism. Boroce-
mentite Fe; (B, C) and borides FeB, Fe,B differ by metal-
lography — by excess crystals form and the behavior during
staining etching.

Primary borocementite crystals present plate-cluster-
ing — flat dendrites, which in cross sections are perpendic-
ular to the surface, are detected in the form of thin strips.

In accordance with the ternary diagram borocement-
ite can be formed not only by direct crystallization from a
liquid solution, but also as a result of peritectic transfor-
mation [2].

Structurally-free crystals of borides Fe,B are ob-
served in the form of rodlet crystals having in the cross-
section the shape of squares, rhombus, triangles, i.c. of all
possible cross-sections of the tetragonal prism.

Eutectic components of structures in the borated layer
are characterized by a definite structure diversity and dis-
persion.

The eutectic point in different layers and within the
same layer is different by both different dispersion ability
and various quantitative relation between the phases.

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 eu-
tectic 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, i.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 composi-
tion. 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.

Conclusions

1. It was established that when conducting laser
boriding with an increase in RMS-velocity of sample
movement the depth of the borated layer decreases.

2. The histograms of the borated layer indicate the in-
crease of the latter with an increase of the irradiation spot
diameter from 2 to 4 mm.

3. X-ray and metallographic diffraction detected the
phases and structural composition of the borated layer.

4. The effect of coating thickness on the structure is
established.

5. X-ray and microstructural diffraction analysis re-
vealed a connection between the RMS-irradiation growth
and the share of high-boron structures in the layer.

6. The results of the research can be recommended for
implementation in production of both piston rings and
other parts made of ductile iron subjected to wear during
operation.
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Mema pobomu. Bcmanosumu énius napamempie 1d3epHo2o HA2pigy Ha CKAA0 ma eaubuny wapy 00pyeanHs, max
SIK GIACMUBOCHIT NOPUIHEBUX KileYb 3a1eHCamb i0 2NUOUHU OCMAHHbO2O0.
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Memoou Oocnioycenna. [[na SusHAueHHs CMPYKMYPHO20 CMAHY NOPUIHesUx Kineyb BUKOPUCTNO8Y8AIU
MIKpOCMPYKIYPHULL Ma peHmeeHopa308utl anaiisu.

Ompumani pesynomamu. BuxopucmaHnus mpaduyiinux cnocodie 60pysauHs, noe sa3aHux 3 ougysieo o6opy 6
meepdy azy, npusede 00 popmyeanns poboyoeo wapy, wjo MAae SUCOKY Kpuxkicmv. B pesynomami nposedenux
0ocioHcenb 8CMAHOBIEHO, WO 30IIbUEHH WBUOKOCMI nepemiujenHs 0emaii 8 npoyeci 1a3epHo20 HA2Pi8y 3MeHULYE
2nubuHy wapy 6opysanna. Taxa sanexcricmes cnocmepieaemscs axk npu mosujuni oomasxu 0,15 mm, max i npu moguguni
0,30 mm. Ipu ecix weuOKOCmax nepemients 3paska O 6UKOPUCMAHOT 00Ma3Ku, wo micmums 60p, i3 6KA3AHUMU
moswuHamu OLbUa MOBWUHA DOPOBAHO20 WAPY MA 30HU MEPMIYHO20 GNIUBY GION0GI0AE OLILULIT MOBUUHI OOMAZKUL.
36invuienns diamempy nASMU CAPUSIE 3POCMAHHKIO 2AUOUHU wapy. Penmeenoepagiunum i memanozpapiunum memooamu
po3wuposani ghazu i cmpykmypHi cKnaoosi wiapy O0pyeaHHsi.

Hayxkoea nosusna. Ilokasarno nioxio 0o gupiutenHs npoodiemu RiOBUUeHHS 3HOCOCMIUKOCMI NOPUIHEBUX Kileyb 6e3
OKpuxuysauHs. Buxopucmanna nazeproco naepisy npu 6opyeanmi 3abe3neuye ymeopeHHs HO8020 wapy 3 0COOIUBUMU
enracmusocmamu. OOHAK ONMUMATbHI 8IACMUBOCT MOACYIMb Oymu 00CAHYMI MINbKU NICIA CMAHOBIEHH 38 "SA3K) MIC
napamempamu npogedeHHs npoyecy i 2iubuHorw 6oposarozo wiapy. Penmeenocpagiunum i memanocpagiunum ananizom
BUSHAYEHUL 38 130K MIXNC WBUOKICMIO ONPOMIHEHHS | YacmKolo ucokobopucmux cmpykmyp 6 wapi. Ilokazano, wo
boposanuil wap 6 GUCOKOMIYHOMY yagyni micmums maxi ¢asu, sik FeB, Fe:B, a- ¢pazy, bopoyemenmum Fes3(B,C).

Ilpakmuuna yinnicme. Iliosuwena 3HococmiuKicms mamepianie NoOpuiHesUX Kileyvb, WO Yacmo 00Mextcye
3POCMAaHHS NPOOYKMUBHOCME MAUUH | MePMIHY ix excnayamayii. Pesyiomamu 00ciodceHb ModACyms Oymu nowupeHi i
Ha [HWi 0emaJti, wo NioAA2aAOMsd [HMEHCUGHOMY 3HOULYBAHHIO.

Knrouosi crnosa: nopunesi kinoys,, wiap OOpysants, 1asepHull Hazpie.
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