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MICROSTRUCTURE AND ABRASIVE WEAR RESISTANCE OF DEPOSITED
MATERIALS OF THE Ni-Cr-B-Si SYSTEM WITH INCLUSIONS OF
DISPERSED PHASES

S.0.Luzan'’ and A.S.Luzan' UDC 621.793.7

We study the microstructure of deposited coatings formed by a composite material based on PG-10N-01
self-fluxing alloy and modified with a mechanically activated composite material obtained as a result of
the self-propagating high-temperature sintering process. By the X-ray phase diffraction analysis, in the
structure of the coating, we detect the presence of titanium diboride (TiB; ), nickel boride (Ni3B),
titanium oxide (TiO), and iron oxide (Fe;04) inclusions distributed over the nickel matrix. It is demon-
strated that the modifying addition promotes not only the refinement of structure in the course of
electric-arc deposition but also the elevation of the levels of hardness and microhardness of the deposit-
ed layer and a 1.5-fold increase in the abrasive wear resistance as compared with the wear resistance
of PG-10N-01 alloy.

Keywords: composite material, deposited layers, SHS process, borides, oxides, wear resistance, phase
composition, abrasive, powders of the Ni-Cr—B—Si system.

Introduction

Powder wires of the Fe—Cr—B—C system based on iron are used to improve the wear resistance of various
components in the course of deposition and sputtering of the coatings [1-4]. However, in the case of application
of these coatings in machine parts operating in contact with abrasive materials, aggressive ambient and working
media and, hence, subjected to abrasive wear and corrosion-induced damage, it is impossible to guarantee the
required increase in the service life as a result of reconditioning repair. As components of this kind, we can
mention, e.g., the tools of cultivating machines: plough shares, side shovels and A-hoe blades of cultivators, var-
ious kinds of boots, disks of harrows and stubble breakers, fluffers, etc. [S]. To restore them by surfacing, it is
customary to use alloys of the Ni-Cr—B—-Si system based on nickel as the material of the matrix of wear-resistant
composite coatings, which is explained by their resistance to various types of wear and corrosion. They have
a relatively low melting points (1040—1080°C) and play the role of plastic binders for the hardening phases, such
as Cr3C, [6] and SiC carbides, TiB, boride [7], Al,O5 [8] and Fe,O3 [9] oxides, etc.

The aim of the present work is to study the influence of a modifying admixture that contains titanium dibo-
ride (TiB,), nickel boride (Ni3B), titanium oxide, and iron oxide and is synthesized with the help of the process
of self-propagating high-temperature synthesis (SHS process) on the microstructure and abrasive wear resistance
of the deposited layers of a composite material (CM) with the use of the PG-10N-01 powder based on nickel as
the matrix material.
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Procedure of Investigations

As source materials for the preparation of a modifying composite material (MCM), we used VT1-0 titanium
powder, boron (B) powder, and PM-15 carbon powder. Moreover, in order to increase the thermal effect in the
course of synthesis of the modifying admixture, we also introduced into the mechanical mixture the following
compounds: PT-NA-01 thermoreactive nickel-aluminide powder, PAP-1 aluminum powder (GOST 5494-95),
and iron oxide Fe,O3. The sizes of the fractional components of all initial powder components range from 63
to 100 pm. The ratio of components in the mixture was equimolar in order to guarantee the possibility of syn-
thesis of titanium diboride (TiB,), nickel boride (Ni3B), and titanium and iron oxides with stoichiometric com-
positions as a result of the subsequent SHS-reaction.

The chosen components were mixed and the obtained powder mixture was mechanically activated in
AGO-2 planetary ball mills. The volume of the barrels was 160 cm?, the diameter of balls was 4-5 mm,
and the mass of balls was equal to 200 g. The duration of mechanical activation varied from 2 to 6 min.
The composite material was obtained in two stages: In the first stage, we mixed and mechanically activated Ti,
B, C, Fe,03, PT-NA-01, and Al powders and added “Metylan” glue as a binder. Then we formed a cylinder,
dried, and initiated the SHS-process during which the fractions of titanium and nickel borides and oxides
(TiO and Fe304) were synthesized. In the second stage, we crushed the cake and mixed the obtained powder
with the PG-10N-01 commercial powder (TUU 322-19-004-96). The obtained powder mixture was mechanical-
ly activated and, finally, liquid glass (GOST 13078-81) was added to this mixture up to its transformation into
the paste-like form.

This paste was applied to the surface of steel plate (20 steel) prepared for deposition, and, after drying, dep-
osition was performed with the help of a graphite electrode 10 mm in diameter at a deposition current of
80-120 A under straight polarity. For the arc deposition, we used a Paton VDI-200R DC TIG inverter power
supply. The microstructure was studied with the help of a metallographic microscope. The microhardness
of the coatings was measured by a PMT-3 device according to GOST 9450-76.

The comparative wear tests of specimens with deposited coatings were carried out on an MI-type friction
machine according to the “disk—shoe” scheme in I-20 industrial oil under the following conditions: a mean cir-
cular sliding speed of 0.42 m/sec, a specific pressure upon the block of 8.0 MP under the conditions of normal
wear, and an area of the friction surface of 1.8 cm>. The wear intensity was obtained from the formula

G -G
v=21" (mm3/(cm2~sec)), (D)
YFt

where

G, and G, are, respectively, the masses of a specimen prior to and after the testing, mg;

Y is the density of the material, mg/ mm?>;

F is the area of the specimen, cmz,
and

t is the testing time, sec.

Abrasive wear tests of the materials were carried out under the conditions of friction according to
GOST 17367-71. As abrasive particles, we used green silicon carbide of 64S grade with a graininess of 8N
(GOST 10094-75). The relative wear resistance of the materials was evaluated by the formula
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Fig. 1. Microstructures of deposited coatings: (a) PG-10N-01 powder; (b) composite material (CM) (10% MCM + 90% PG-10N-01)
(MCM is the modifying composite material).

2
= arla)
where
Al, and Al, are, respectively, the absolute degrees of linear wear for standard and tested speci-
mens, mm,
and

d, and d, are the actual diameters of this specimens, mm.

The phase composition of the deposited layers was determined with the use of a DRON-3 diffractometer in
monochromatic CukK -radiation within the angular range 26 = 10-80°. The X-ray diffraction patterns were
recorded in a discrete mode. We prepared specimens for the analysis by grinding with abrasive paper and pol-
ished until the attainment of the required surface roughness. For the identification of X-ray diffraction patterns,
we used ASTM files. The microstructure of the deposited layers was studied in a JSM-6390LV scanning elec-
tron microscope.

Results and Discussion

For the SHS of the modifying composite material, we used cylindrical specimens prepared under the condi-
tions of frontal synthesis. The reacting composition was fired by an electric arc. Then the composite material in
the form of a cake was milled and, after the addition of a 90% PG-10N-01 powder, subjected to mechanical ac-
tivation treatment. It was discovered that the microstructure of the coating deposited from PG-10N-01 powder
was dendritic (Fig. 1a), whereas the microstructure of the coating deposited from the CM (10% MCM + 90%
PG-10N-01) corresponds to the matrix material, i.e., PG-10N-0O1 alloy with uniformly distributed hard inclu-
sions (Fig. 1b).

The microhardness of the deposited coatings measured in the direction from the surface of the substrate to
the surface of the layer changed nonuniformly (Fig. 2). The mean microhardness of the coating deposited from
the CM, is higher than that of the coating deposited from PG-10N-01 powder. The microhardness of the CM



384 S.0.LuzAN AND A.S.LUZAN

7007 \\_/

600 -
500 4 \ /\v"""—"

400

0 03 06 09 1 12 h,mm

Fig. 2. Behaviors of the microhardness HV of deposited metal in the direction from the surface of the substrate to the surface of the
layer: (1) PG-10N-01 alloy; (2) CM.
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Fig. 3. X-ray diffraction pattern of the deposited CM layer: (@) Ni; (A) Ni;B; (M) Fe;0y4; (A) TiB,; (O) TiO.

increases in the direction to the surface of the deposited layer (Fig. 2, curve 2), which is explained by an increase
in the concentration of hard inclusions in the PG-10N-01 matrix material. The microhardness of the deposited
PG-10N-01 layer is stabilized in the direction from the substrate toward its surface, which is caused by the effect
of self-fluxing of the alloy during deposition and the homogeneous distribution of hard Ni;B inclusions in the
nickel matrix [10].

The coercive force H,. in the rollers deposited onto 20 steel was measured by a KRM-Ts-K2M struc-
turescope according to recommendations of the SOU 29.32.4-37-532: 2006 branch standard. During deposition
of PG-10N-01 powder, it was equal to 4.9 A/cm, whereas during deposition of the CM containing 10% MCM,
it was equal to 5.1-5.8 A/cm. Its increase also confirms the presence of the nonmetallic hard components, name-
ly, titanium diboride (TiB,), nickel boride (Ni3;B), titanium oxide (TiO), and iron oxide (Fe304 ) in the structure
of the CM (Fig. 3).

The results of investigations carried out in a JSM-6390LV scanning electron microscope equipped with
an X-max N energy-dispersive detector demonstrated that the microstructure of the deposited layers had a typical
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Spectrum| B C O|Si| P |Ti| Cr Fe Ni

1 2491 366 077 - - 1.03 2197 36.86 10.80

2 17.61 17.09 9.13 0.61 0.38 4.84 7.39 18.44 2451

3 1407 9.06 4.16 098 0.21 4.79 4.85 20.93 4093

Fig. 4. Microstructure and chemical composition (wt.%) of the deposited CM coating.

morphology formed during crystallization with directed heat removal. The method of scanning electron
microscopy with X-ray microanalysis confirmed the phase inhomogeneity of the deposited layer on the mi-
crolevel (Fig. 4).

In the coating, we observe the presence of B, O, Ti, Ni, and Fe (Fig. 4), which confirms the results of the
X-ray phase diffraction analysis (see Fig. 3). In the investigation of the intensity of wear under the conditions
of normal friction of the coatings in the MI machine, it was established that the wear resistance of the CM

(10% MCM + 90% PG-10N-01) was 2.1 times higher than for the PG-10N-01 self-fluxing alloy (0.0038 - 1073
and 0.008-107> mm3/(cm2~ sec) , respectively) (Fig. 5a).

The results of testing for wear against fixed particles are shown in Fig. 5b. The PG-10N-01 alloy was used
as a reference material whose wear resistance was set equal to one. It was established that, in tests on the mate-
rials deposited by the electric-arc method (Fig. 5b), titanium diboride (TiB,), nickel boride (Ni3B), titanium
oxide, and iron oxide in the deposited CM coating reduced the intensity of wear. Thus, the abrasive wear re-
sistance of the CM is 1.5 times greater than for the PG-10N-01 alloy (Fig. 6).

It was established that, as the content of the MCM increases, the wear resistance of the deposited layer be-
comes higher. At the same time, it should be emphasized that, as the content of the MCM exceeds 20%,
the deposition and technological properties of the material are impaired. Moreover, the impact toughness KCV
determined according to GOST 6996-66 decreases from 4.5 down to 2.1 J /em? with increase in the concentra-
tion of the MCM from 10 up to 30%. As the content of the MCM increases up to more than 10%, hard inclu-
sions spall from the matrix material. This is why, for the components operating under the conditions of impact-
abrasive wear, it is necessary to use CM containing at most 10% of the MCM.
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Fig. 5. Wear resistance of the materials deposited by the electric-arc method: (a) normal friction; (b) under the influence of fixed abra-
sive particles; (1) PG-10N-01 alloy; (2) CM.
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Fig. 6. Relative wear resistance of the CM coatings depending on the content of the MCM.

Thus, after the introduction of the MCM hardener (titanium diboride and nickel boride) into the plastic
matrix, the wear resistance of the material strongly increases: hard particles bear the load and promote a decrease
in the friction and wear coefficients. The plastic matrix based on the PG-10N-01 alloy redistributes stresses
providing the conditions under which hard components occupy favorable positions. This is why any local in-
crease in the contact pressure becomes impossible and the probability of separation of hard wear-resistant parti-
cles decreases [10]. The results of investigations of the morphology of friction surfaces are also in good agree-
ment with the results of tests of friction against fixed particles of the deposited PG-10N-01 and CM (10% MCM +
90% PG-10N-01) coatings (Fig. 7).

In the process of wear under the action of fixed abrasive particles, we observe the formation of quite deep
parallel grooves in the coating obtained from the PG-10N-01 alloy (see Fig. 6). We also encounter deeper
grooves formed by hard boride particles separated from the nickel matrix. The topography of the wear surface
has a nonuniform character. On the surface of the coating deposited from CM, we encounter uniformly distrib-
uted shallow fine scratches caused by friction (Fig. 6b) whose appearance is explained by the introduction of the
MCM, which promotes the formation of new nuclei of crystallization in the course of deposition and, hence,
leads to the refinement of the structure. No crumbling of hard inclusions (borides and oxides) caused by the in-
troduction of 10% MCM was recorded.
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Fig. 7. Morphology of the surfaces of deposited PG-10N-01 alloy (a) and CM (b) in the course of friction against fixed abrasive par-
ticles.

CONCLUSIONS

We develop a composite material based on the powder of the Ni—-Cr—B-Si system (PG-10N-01 grade) and
modified with a mechanically activated composite material obtained as a result of the SHS process. The pro-

posed material is intended for hardening of the working accessories of cultivating machines [11]. It is estab-
lished that the modifying composite material containing titanium diboride (TiB,), nickel boride (Ni3B), titani-

um oxide (TiO), and iron oxide (Fe304 ) facilitates the dispersion of the structure of composite material based

on PG-10N-01 alloy and increases the microhardness of deposited layer from 520 up to 740 HV. As a result,
the abrasive wear resistance of the CM (10% MCM + 90% PG-10N-01) increases by a factor of 1.5 as compared
with the wear resistance of the PG-10N-01 self-fluxing alloy.
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