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Some parameters of laser surfacing of self-fluxing nickel alloy PG-12N-01 are considered. Different struc­
tures containing a low-melting y-Ni - Ni3B eutectic and a y-Ni - Cr3C2 eutectic that crystallizes at a higher 
temperature and forms the strength skeleton of the coating may form depending on the rate of the surfacing. 
The effect of the rate of the surfacing on the wear resistance of the coating and on the coefficients of dry fric­
tion are determined.
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INTRODUCTION

Wear-resistant coatings play an important role in eleva­
tion of reliability of machine parts and machines. Such coat­
ings are deposited by various methods including the galvanic 
technique, cladding, electric spark hardening, surfacing in an 
electric arc or in a plasma jet and with the help of electron 
and ion beams, laser radiation, etc.

Laser processes are applied widely due to universality of 
the equipment and a wide spectrum of technological possi­
bilities [1 - 3]. Reports have appeared on optimization of the 
process parameters of laser surfacing [4, 5], and formation of 
coatings with different structures [4, 6 - 8], mechanical, 
physical and operating properties [9 - 11].

The working surfaces of parts are mainly hardened with 
the use of three groups of materials, i.e., self-fluxing alloys 
based on iron, nickel, and cobalt [12 - 14]. The nickel- and 
cobalt-base alloys possess good wettability, deoxidizing and 
flux-forming capacities [12], high physical and mechanical 
characteristics [13, 14] and a high resistance to wear, oxida­
tion and high-temperature corrosion [15, 16].

The aim of the present work was to analyze the effect of 
the conditions of laser surfacing on the geometry and struc­
tural and phase states of a coating based on self-fluxing 
nickel alloy PG-12N-01.

METHODS OF STUDY

The self-fluxing nickel alloy PG-12N-01 used for the 
coating had the following chemical composition (in wt.%): 
0.3 - 0.6 C, 1.7 - 2.2 B, 1.2 - 3.2 Si, 8 - 14 Cr, 1.2 - 1.3 Fe, 
the remainder Ni.

The coating was deposited onto a substrate from steel 45 
by laser surfacing. The initial powder was sieved to a grain 
size of 20 - 80 цт using a set of sieves and then dried in an 
electric furnace at 200°C for 2 h. The coating was deposited 
with the help of a “Kometa 2” CO2 gas continuous laser with 
a power of 1 kW. The powder was fed into the working zone 
at a rate of 8 - 20 g/min coaxially to the laser beam through 
a specially designed nozzle. A schematic diagram of the pro­
cess is presented in Fig. 1a.

The deposition was conducted in speed range of 
40 - 120 mm/min at a distance of 10, 12 and 14 mm with a 
step of 1.2 mm. The beam diameter was taken to be 1 mm; 
the power density of the laser radiation was 1.27 x 105 W/cm2. 
The coefficient of overlapping of single tracks after the sur­
facing was taken to be equal to 0.25.

After the surfacing, the specimens were cut in the direc­
tion perpendicular to the beads. We prepared transverse laps 
of the surfaced zones and then determined the width l and 
height h ofthe beads (Fig. 1b). The sizes of individual beads 
were determined with the help of a “Micro R200” metallo­
graphic microscope.

The microstructure of the deposited beads and of the 
transition zone was studied under a “Mira” scanning electron 
microscope.
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Fig. 1. Scheme of laser surfacing (a) and sizes of the deposited 
bead (b ): 1 ) powder feeder; 2 ) distribution of gas-powder mixture; 
3 ) system of rotary mirrors; 4 ) laser unit; 5 ) focusing lens; 
6) building-up head-objective; 7) surfacing coaxial nozzle; 8) sur­
faced specimen.

The tribological tests were performed under the condi­
tions of dry friction with the help of a MIPT unit, (a module 
for investigation of friction processes) entering an AKIPT 
automated facility for investigation of friction processes 
[17]. The tests were based on reciprocating motion of a pin 
over a specimen (a ‘diamond pin - plane' scheme for the 
wear tests and a ‘ball - plane' scheme for the determination 
of the sliding friction coefficient as the ratio of the friction 
force to the force of normal pressure). The force of normal 
pressure acting normally to the surfaces in contact was cre­
ated by a set of weights. The friction force was detected with 
the help of strain meters; the friction coefficient was calcu­
lated automatically and recorded in the coordinates ‘friction 
coefficient - friction path.' The rider in the wear tests had the 
form of a grip with fastened diamond tip of a Rockwell de­
vice. The normal load was 2 N, the speed of motion of the 
carriage was 5 mm/sec, the length of one pass was 15 m, the 
friction path was about 10 m. The wear was evaluated as the 
volume of the worn-off material determined with the help of 
a “Profi-130” profilograph-profilometer for measuring the 
depth and width of the wear track. The volume of the 
worn-off material was calculated by the formula V = 0.5bhl, 
where b is the width of the wear track, h is the depth of the 
wear track, and l is the length of a single pass. The wear in­

tensity referred to 1 km of the friction path was determined 
by the formula Iv = 100V.

The rider for determining the friction coefficient had the 
form of a ball 3 mm in diameter from hardened steel 
ShKh15. The friction conditions were as follows: speed of 
motion of the carriage 5 mm/sec, length of single pass 
15 mm, friction path 10 m, normal load on the indenter 
0.2 N. The friction coefficient was calculated as a mean of 
the set of instantaneous values corresponding to the horizon­
tal region ofthe curve in the final stage ofthe test.

RESULTS AND DISCUSSION

The width of the beads increases with decrease in the 
distance of surfacing (Fig. 2a). In this case the laser beam is 
defocused somewhat, the heated spot increases and, as a con­
sequence, the width of the bead increases too. The speed of 
the surfacing also affects the width of the bead, though to 
less degree.

The height of the beads also depends on the mode of la­
ser surfacing. With growth of the surfacing distance the en­
ergy passing to the molten pool decreases, but the height of 
the bead increases. The effect of the speed of surfacing on 
the height ofthe beads is more substantial (Fig. 2b ).

The structure ofthe coating depends on the parameters of 
laser surfacing and on the position of single beams on the 
surface of the substrate (see Fig. 3). At low speeds of dis­
placement of the laser beam the structure of the deposited 
layer has a dendritic pattern with dendrite arms oriented in 
the direction ofheat removal (Fig. 3a and b); individual par­
ticles of the nickel-base solid solution acquire a globular 
shape (Fig. 3c). When the speed ofdisplacement ofthe laser 
beam is doubled, the structural components are refined 
(Fig. 3d and e). By the data of the x-ray diffraction studies 
[18] a fusible y-Ni-Ni3B eutectic and a carbide y-Ni- 
Cr3C2 eutectic form in the dendrite space (Fig. 3f). The pres­
ence of these eutectics is also confirmed by the microscopic 
x-ray spectrum analysis in the characteristic radiation (see 
Fig. 4).

The differences in the structures are explainable by the 
conditions of heat exchange between the layer of the fused 
coating and the substrate. When the beads are deposited with 
the aim of reduction of oxide films, additional time is re-
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Fig. 2. Dependence of the width l (a) and of 
the height h (b ) of a bead on the speed vs and 
distance L of surfacing.
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Fig. 3. Microstructure of a coating based on nickel alloy PG-12N-01 deposited onto a substrate of steel 45 by the 
method of laser surfacing at a speed of the laser beam of 80 mm/min (a - c) and 160 mm/min (d - f) and a surfacing 
distance of 12 mm.

Fig. 4. Electron micrograph (a) and results of microscopic x-ray spectrum analysis in Cr (b ), Ni (c), 
andB (d)radiationofregions ofacoatingbasedonalloyPG-12N-01 deposited onto a substrate of steel 
45 by the method of laser surfacing.
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Fig. 5. Effect of the speed of surfacing (vs ) on the intensity of wear 
(I ) of the coating.

quired. It includes the time of reduction of oxide films be­
tween the substrate and the surfaced layer, between the pow­
der particles, and between the layers. The regions adjoining 
the neighbor layer are subjected to a double temperature ef­
fect, as a result of which the size of the dendrites near the 
edge of the bead somewhat increases. The transition zone 
with a thickness of 40- 100 ^m depending on the surfacing 
mode, reflects the presence ofchemical bonding between the 
deposited layer and the substrate.

With growth of the speed and of the distance of the sur­
facing, the structural components are refined and acquire a 
quasi-eutectic pattern. Since the dendrites crystallize at an 
angle of 45° to the surface, the most close-packed plane of 
the crystal lattice [111] is located on the surface.

We have mentioned that the structure is represented by 
eutectics of two kinds, i.e., y-Ni - Ni3B with melting tempe­
rature 1000°C and y-Ni-Cr3C2 that crystallizes at higher 
temperatures and forms the strength skeleton of the coating. 
Secondary borides crystallize in the form ofsmall nuclei and 
do not have time to grow, i.e., the strength skeleton of the 
coating provides a high corrosion resistance in alkalis and 
acids, and the fusible eutectic cures the pores, cracks and 
other single defects [18].

The structural and phase condition of the coating layer 
influences directly its tribological characteristics. With in­
crease of the speed of surfacing the wear resistance of the 
coating changes (Fig. 5). Atlow speeds of surfacing and high 
thermal power passing into the coating, the formed structure 
is coarse-grained and the distribution ofthe hardening phases 
is uniform, which affects the wear resistance favorably. 
When the speed of the surfacing is increased and the thermal 
power decreased, the grains become smaller and the bulk 
wear decreases. With further increase of the treatment speed 
the fusion of the material of the beads over grain boundaries 
becomes incomplete, and the bulk wear increases despite the 
decrease in the grain sizes. It should be noted that the surfac­
ing speeds of about 80 mm/min and about 120 mm/min are 
the best for the coating studied.

The dependences of the friction coefficient on the fric­
tion path are presented in Fig. 6a. For the coatings deposited

F

Fig. 6. Friction coefficient (F ) as a function of the friction path L
(a) and of the speed of surfacing vs (b): 1) vs = 80 mm/min; 2) vs = 
100 mm/min; 3) vs = 120 mm/min; 4) vs = 140 mm/min.

at low speeds (80 and 100 mm/min) the friction coefficient 
grows rather fast in the initial period (on a friction path of up 
to 1 m) due to breaking-in of the rubbing surfaces. There is 
no seizure on these regions, because the friction coefficient 
does not change abruptly. In the range of 4.5-7mofthe 
friction path the friction coefficient grows slowly. In the last 
region of the path the friction process stabilizes and the fric­
tion coefficient remains virtually unchanged.

For the coatings deposited at high speeds (120 and 
140 mm/min) the dependences of the friction coefficient on 
the friction path are somewhat different. At the beginning of 
the friction path (up to 0.5 m) the friction coefficient grows 
rapidly and exhibits jumps indicating seizure. In the range of 
6-7m the friction coefficient increases more slowly and 
seizure of the contacting surfaces still occurs. In the last re­
gion ofthe friction path, just as at lower surfacing speeds, the 
friction coefficient is rather steady. The processes of seizure 
in the coatings deposited at a speed of 120 and 140 mm/min 
are caused by the lower thermal power passing into the coat­
ing. This results in incomplete fusion of the material of 
the beads over grain boundaries and spalling of particles of 
the coating material, which become nuclei for the seizure 
process.

Having analyzed the friction coefficients in the final re­
gions ofthe friction paths (the conditions ofstabilization) we 
may recommend the speeds of surfacing equal to 110 - 
120 mm/min for the best friction conditions (Fig. 6b). This 
dependence of the friction coefficient on the speed of surfac­
ing is explainable by the fact that at vs = 80 mm/min the heat 
content in the coating is high and promotes formation of a 
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coarse-grained structure with a low hardness [10], which ex­
plains the friction coefficient of about 0.7. When the surfac­
ing speed is increased to 100 - 120 mm/min, conditions are 
created for formation of an optimum grain structure in the 
coating and a high enough hardness; the friction coefficient 
decreases to 0.45 - 0.5. At a higher speed of surfacing and 
heat content in the coating, the role of incomplete fusion of 
the material of the beads to grain boundaries becomes impor­
tant; the hardness increases, and so does the friction coeffi­
cient.

CONCLUSIONS

1. Depending on the speed of laser surfacing with self­
fluxing nickel alloy PG-12N-01 the structure of the coating 
may be homogeneous or contain a considerable number of 
dendrites. The structure of the alloy is represented by eutec­
tics of two kinds, i.e., y-Ni -Ni3B with melting temperature 
1000°C and y-Ni - Cr3C2 that crystallizes at a higher temper­
ature and constitutes the strength skeleton of the coating.

2. With increase of the speed of surfacing the wear resis­
tance of the coating changes due to structural changes. The 
best results are obtained at low (about 80 mm/min) speeds of 
surfacing, which provide a more homogeneous structure, and 
at high rates of surfacing (about 120 mm/min), which pro­
vide refinement of grains. The growth in the wear resistance 
may attain 30%.

3. The lowest dry friction coefficients are obtained at the 
speeds of surfacing equal to 110 - 120 mm/min. Depending 
on the speed of the surfacing, the friction coefficient stabi­
lizes after0.5 m ofthe friction path.
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