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Summary. Hard alloys based on titanium carbide, alloying by vanadium carbide and tungsten carbide
(nano tungsten carbide) with nickel chromium binder have been developed in order to replace tungsten cobalt
hard alloys used for the manufacturing of wear-resistant parts and cutting elements of plows, cultivators and other
agricultural machines. These alloys possess higher hardness and wear resistance and provide reliable and long-
lasting operation during exploitation. Research of tribotechnical properties of TiC — VC — WC/nano—-WC — NiCr
hard alloys at different sliding speeds on chrome steel AISI 52100 and AISI 5040 has been carried out on a M-
22M friction machine according to scheme the shaft (counter-shaft) — partial insert (alloy). Friction coefficient
and weight wear have been determined in given research depending on the sliding speed and chemical composition
of the alloys (content of WC/nanoWC 5, 10, 15% (wt.)) under test conditions: sliding speed 1, 2, 3 m/s, constant
load 1,5 MPa, the friction path at each of sliding speeds is 5 km. The character and wear-mechanism of the alloys
have been determined by metallographic investigations of the friction surface using the REM-106 microscope. It
has been found that alloying by nano-WC reduces the friction coefficient and weight wear compared to alloys with
fine WC. The main mechanism of the researched alloys wear is abrasion. The analysis of the wear zone has testified
that it consists of two sections— abrasive wear and tribo layer, which contains a considerable amount of oxygen
and the alloy’s and processed material’s elements. The obtained level of tribotechnical characteristics of the alloys
makes it possible to recommend them for the elements of agricultural machines operating under the friction and
wear.
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Statement of the problem. Tungsten cobalt hard alloys are widely used in various
industry branches, including agriculture, for the manufacture of wear-resistant parts, as well as
devices with cutting surfaces [1-3]. Examples of these alloys’ use in agricultural machinery
are: the soldered and replaceable plate coulters of seeders, cutting parts of plows, cultivators,
etc. However, tungsten carbide is quite expensive and under certain operating conditions the
hardness and wear resistance of WC-Co alloys are insufficient, so it is a relevant task to design
carbide/titanium carbide/carbonitride hard alloys with higher hardness and 3 times lower
density, compared to tungsten carbide, for WC-Co alloys’ replacement.

Analysis of the available investigations. The improvement of physical, mechanical
and operating properties of titanium carbide-based hard alloys capable for effective replacement
of tungsten carbide alloys is achieved by alloying the carbide base with other carbides,
including nano-sized ones, in particular tungsten carbide, as well as choosing
the metal binder which reduces the wetting angle [4-6]. Polycarbide-based hard
alloys (TiC-VC, TiC-VC-WC, TiC-VC-nanoWC) with nickel-chromium binder have a
hardness of 90... 93 HRA, Vickers hardness of 14.5... 16.3 GPa, transverse rupture strength of
0.9... 1.2 GPa, crack resistance 7.5... 8.8 MPa-m'? [7].

The use of nano-sized alloying carbides reduces the porosity, promotes microstructure
grinding and enhances alloys’ mechanical properties. It is known that structurally sensitive
mechanical properties (hardness, strength) can be regulated by structure dispersing. Therefore,
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the alloying of titanium carbide alloys with tungsten carbide and tungsten nano carbide allows
to get the optimal ratio of alloys’ strength and hardness [8-12].

The wear resistance and heterogeneity of hard alloys’ structure are important factors to
provide reliable and durable work of agricultural machinery cutting parts to be used under
conditions of intensive friction [13-16]. Titanium carbide-based alloys have a core/rim
microstructure which ensures their high wear resistance [17].

The Objective of the work is wear resistance of TiC-VC-NiCr hard alloys with the
nano- and fine WC additives.

Statement of the task. To research the effect of nano- and fine WC additives on
tribotechnical properties and the wear mechanism of TiC-VC-NICr hard alloys at different
sliding speeds on AISI 52100 and AISI 5040 steels.

Materials, methods and results of investigation. Cylindrical specimens of 6 mm
diameter and 12 mm height were made by powder metallurgy method. Non-stoichiometric
powders of titanium, vanadium carbides, tungsten carbides (fine (d = 1-2 pum) or nano
(d = 100-200 nm) produced by «Nanostructured and Amorphus Materials, Inc.» (Houston,
USA)), nickel and chromium with a metal content of 99.8% (wt.) were used for alloys’
manufacture. In all alloys, the binder content was constant — 18% (wt.) at Ni:Cr = 3:1 ratio. The
sintering temperature was 1350°C, the isothermal holding time — 20 minutes.

The chemical composition of the researched alloys is presented in Table 1.

Table 1

Chemical composition of alloys

TC [ vC | wC | Nicr
Alloy numbers % (weight)
1 72 5
2 67 10
3 62 15
1 72 > 5 (nano) 18
5 67 10 (nano)
6 62 15 (nano)

Research of alloys’ tribotechnical properties was carried out under conditions of dry
friction on the machine friction M-22M according to the scheme of shaft (counter-shaft) —
partial insert (alloy) at different sliding speeds on steels AISI 52100 and AISI 5040. Test
conditions were as following: sliding speed — 1, 2, 3 m/s, constant load — 1.5 MPa, friction
length at each speed — 5 km. The friction coefficient was determined by the friction force
measurement data. The displacement sensor B8-884 (0.01 mm sensitivity) determined linear
wear of the friction pair. The weight wear of the friction pair materials was measured at
analytical weights of ADV-200 (accuracy 0.0005 g). To plot the corresponding dependencies
all parameters were determined on three samples. The temperature was measured by a chromel-
copkel thermocouple, placed at a distance of 1 mm from the sample surface.

The wear mechanism of the alloys was determined by metallographic researches of the
friction surface on a SELMI REM-106 microscope.

Figure 1 presents the investigation results the friction coefficient, linear and weight wear
of samples and counter-shaft while sliding on steel AISI 52100 depending on the sliding speed
and chemical composition of alloys at a constant load of 1.5 MPa.
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Figure 1. Dependences of the friction coefficient (a), linear wear (b) and weight wear of the samples (c) and
the control body (d) on the sliding speed (sample-steel AlSI 52100, P = 1.5 MPa) (1-6 — alloy numbers)

The research results showed that increase of nano tungsten carbide content from 5 to
15% (wt.) decreases the friction coefficient from 0.68 to 0.46. For alloys alloyed with fine WC,
an alloy 2 with 10% (wt.) WC has the smallest friction coefficient at sliping speed 3 m/s — 0.5.
At all sliding speeds, alloys containing 15% (wt.) nano WC and 10% (wt.) fine WC have the
minimum friction coefficient, linear and weight wear of the specimens. For all nano-WC alloys,
as the sliding speed increases, the coefficient of friction and weight wear decreases, whereas
for alloys with fine-grained WC, such dependence has minimum for alloy 2 with 10% (wt.)
WC.

Increasing the sliding speed causes the friction pair temperature to rise. It was found
that the maximum temperature in the friction zone is 174°C, thus activating diffusion and
oxidation processes that change the temperature-force conditions of wear.

Alloy 6 with 15% (wt.) nano WC has the highest tribotechnical properties — friction
coefficient 0.48, linear wear of friction pair 3.25 um/km at sliding speed 1 m/s, weight wear of
alloy and control body 0.04 mg/km and 1.26 mg/km, respectively at sliding speed 3 m/s.

Thus, the dispersion of alloying tungsten carbide significantly affects on the
tribotechnical properties of the alloys —alloys alloyed with fine WC have 2—-31% higher friction
coefficient and 8-33% higher linear wear compared nano WC.

One of the reasons for different behaviour of alloys during wear is the fact that hardness
of alloys with fine tungsten carbide decreases with the increase of WC content to 15% (wt.),
because WC has lower hardness than TiC. In case of alloying nano WC, this dependence is
directly proportional — with the increase of WC content, the Vickers hardness increases from
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14.3 GPa to 15.8 GPa due to the formation of fine-grained structure and dispersion
strengthening of binder by tungsten [8].

Figure 2 presents the results of the influence of nano tungsten carbide content on
tribotechnical properties of alloys at sliding on AlISI 5040 steel.
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Figure 2. Dependences of the friction coefficient, linear wear (a) and weight wear of the samples and the
control body (b) on the content of nano WC (sample-steel AISI 5040, V=1 m/s; P = 1.5 MPa)

A similar trend was found for alloys alloyed with nano WC when sliding on AISI 5040
steel, but the tribotechnical properties of this friction pair were lower compared to the pair of
alloys-AlS1 52100 steel. In the pair of alloy 6-steel AISI1 52100 the friction coefficient was 0.48,
while in the pair of alloy 6-AlISI 5040 steel it was equal to 0.62. As the content of nano WC
increases to 15% (wt.) (Figure 2), the linear wear of the friction pair increases from 2.66 to 5.64
pm/km, and the weight wear of the control body increases from 3.8 to
5.9 mg/km, while the alloy weight wear remains at 0.53-0.69 mg/km.

In the researched alloys with nano WC carbide grains with core-rim structure have a
size of 0.75...0.8 um, homogeneous carbide grains — 0.55...0.6 um and the thickness of the
binder does not exceed 0.4—0.5 um [18]. Since the carbide grains size is bigger than the binder
thickness, carbides make the predominant contribution to the destruction, dispersion
strengthened binder prevents the microcrack growth (Figure 3 a).

WD=35.8mm 20.00kV__ x100

Figure 3. Microcrack (a) and local wear alloy 6 with 15% (wt.) nano WC
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It was found that the main mechanism of alloys’ local wear has been abrasive abrasion,
which main features are: cracking of carbide grains and removal their parts with the formation
traces of friction, the destruction of the intergrain boundaries, and crumble of small carbides.
As a result, there were friction flows and small craters formed on the surface (Figure 3 b).

In the process of friction, the factors of wear are: adsorption, oxidation and mutual
diffusion in the friction pair. The analysis of the wear zone and the elements distribution shows
that in addition to the abrasive abrasion area, there is a tribolayer, which contains a considerable
amount of oxygen and elements of the alloys and the counter-shaft steel (Table 2) and consists
mainly of oxides of iron, titanium and tungsten.

Table 2

Chemical composition of the alloys’ surface layer at sliding on steel AISI 5040 depending on the WC content
and dispersion

WC, % (weight) O | W | Ti | Fe at\% Ni | V | Otherelements
5 48,27 7,42 16,06 17,7 4,46 2,83 3,27
5 nano 48,49 8,31 16,62 | 18,34 3,62 2,41 2,21
10 nano 4482 | 10,66 | 18,49 | 19,62 1,97 1,75 2,69
15 nano 49,38 | 15,31 | 24,83 7,52 0,75 1,13 1,08

Thus, in addition to abrasive abrasion, the alloys’ wear also occurs through oxidation
and diffusion mechanisms.

Conclusions. It was found that TiC-VC-WC/nanoWC-NiCr alloys have high
tribotechnical properties — friction coefficient pair with AISI 52100 steel — 0,46, with AISI
5040 steel — 0,62, linear wear — up to 5,9 pm/km, weight wear — up to 0,3 mg/km, which makes
it possible to recommend them for the replacement of tungsten carbide alloys used for parts of
agricultural machinery operating under heavy and intensive wear conditions.

Alloying of alloys by nano tungsten carbide, compared with fine tungsten carbide,
reduces the friction by 2-31%, linear wear by 8-33%.

Increase of the sliding speed from 1 m/s to 3 m/s leads to the reduction of the friction
coefficient and weight wear, as well as to the increase the friction pair temperature. The
regularities of tribotechnical properties changes of the researched alloys were kept at all sliding
speeds.

The main mechanisms of alloys’ wear were defined as following: abrasive abrasion,
oxidation and diffusion. In the process of abrasive abrasion there was noticed carbide grains’
cracking and crumble of small carbides. As the temperature increases in the contact zone, a
tribolayer containing a considerable amount of oxygen and elements of alloys and counterparts,
in particular, oxides of iron, titanium and tungsten, is being formed on the alloys’ surface.
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Tepnoninbcokuu HaYiOHATLHUL MEXHIYHUU YHIgepcUumem
imeni leana Ilynios, Tepnoninw, Yxpaina

Pestome. [[nsa 3aminu  601b@PPAMOKOOATLMOBUX MEEPOUX CHAABI8, 5K GUKOPUCMOBYIOMb  OJis
BUCOMOBNIEHHSL 3HOCOCMIUKUX Oemaneli ma pi3aibHUX eiemMenmié niyeie, KyIbmusamopis, nemexie ma iHuoi
CITbCLKO20CN00APCbKOI MexXHIKU po3pobaeHo meepoi Cniasu HA OCHOBI Kapbioy mumawy, 1e208aHi Kapoioom
8aHaoil0 I HAHOKAPOIOOM 60IbGPAMY 3 HIKeNb-XpOMOBOw 368 ’si3koto. Lli cnaasu marome euwyi meepdicms ma
3HOCOCMILIKICIY | 3a0e3neuyioms HAOIUHY ma 00820Mpueary pobomy 6 ymosax excniyamayii. /Jocriocenus
mpubomexniynux eracmugocmett mgepoux cnaagig TiC—NC—WC/nano-WC — NiCr npu pisnux weuokocmsx
Kos3anns no cmanax LIX15 i 40X npogodeno ma mawuni mepmsa M-22M 3a cxemoro ean (koumpmino) —
yacmkogull exnaouws (cnaas). Busnaueno xoegiyicnm mepmsa ma 6a208e 3HOUIEHHS 3AJIEHCHO 8I0 UEUOKOCHI
KOG3aHHS [ XIMIUH020 cK1ady cnaaeie (emicm nano-WC/WC 5, 10, 15% (mac.)) 3a ymoe sunpobysams: ueuokicms
kogzanus 1, 2, 3 m/c, nocmitine nasanmasicenns 1,5 Mlla, winsax mepmsa na KodcHiu 30 weuokocmeu 5 km. 3a
00NOMO2010 Memanoepa@iuHux 00CiioNceHb nosepxHi mepms Ha mikpockoni PEM-106 suznaueno xapaxmep ma
MexaHizm 3HoulysamHs cniasis. Bcmanoeneno, wjo necysanus cnaasié Hano-WC cnpusic 3MeHUIeHHIO 3HAYEHb
Koe@hiyicuma mepms ma 8ac06020 3HOWIEHHS. NOPIGHAHO 3i cnaaeamu 3 Opionooucnepchum WC. OcHosnum
MEXAHIZMOM 3HOULYB8AHHS OOCTIONCYBAHUX CHIAGIE € AOPA3UEHe CMUPAHHS. AHANI3 30HU 3HOUWLYBAHHS NOKA3A8, U0
B0HA CKAAOAEMBCSL 3 080X OLIAHOK — AOPA3UBHO20 3HOULYBANHS Ul mMpudbowapy, AKuti MiCmums 3HAYHY KilbKicmb
KUCHIO ma elemenmie cniagy i obpobnosanoeo mamepiany. OCHOBHUMU O3HAKAMU DYUHYB8AHHA HA OLIAHYI
abpasueHo2o 3HOWLYBAHHS € PO3MPICKY8AHHA KPYNHUX KAPOIOHUX 3epeH | GUKpuuLy8anus OpioHux KapOiOHux
sepen. Ha mpubooinanyi 6 adzesiiinomy wapi (mpubomaci) 30cepeddiceni oKcuodu 3aniza, HiKearo, mumany mad
sonvgppamy. Ompumanuil pieeHb MpUOOMEXHIYHUX XAPAKMEPUCTUK CHAABI8 00360JI5€ peKomeHndysamu ix Ois
demaJeii ¢/2 MAWUH, WO NPAYIOIOMb 8 YMOBAX Mepmsl | 3HOULYGAHHSL.

Knrouoei cnosa: mikpocmpykmypa, meepoi cniagu, abpazuere 3HOULY8AHHSL.
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