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ABSTRACT: In the fields of mining, metallurgy, and ore transportation, components such as cutting teeth and scraper
conveyors are subject to severe abrasive wear, imposing extremely high demands on surface wear resistance. To enhance the
reliability of equipment, plasma cladding technology with high bonding strength, high alloying capability, and production
efficiency has become the preferred process for repairing wear-resistant components. Fe-Cr-C series cladding alloys are widely
used due to their excellent wear resistance and cost-effectiveness. However, hypereutectic alloys suffer from insufficient crack
resistance and low toughness, while hypoeutectic alloys, although more ductile, have inferior wear resistance due to the
morphology of carbides. To improve the wear resistance of hypoeutectic alloys, alloy elements such as Nb and Ti are often
added to strengthen the matrix and carbides and optimize the microstructure. NbC and TiC, as hard alloy reinforcing phases,
have high hardness and good thermal stability, but also have drawbacks such as low fracture toughness of TiC and poor bonding
at the NbC/Fe interface. Nevertheless, these issues can be mitigated by forming composite carbides, which exhibit superior
comprehensive properties compared with individual carbides. This study aims to introduce Nb and Ti elements into hypoeutectic
Fe-7Cr-C series alloys using plasma cladding technology. By changing the Nb/Ti atomic ratio, it explores the influence
mechanism of these elements on the microstructure and properties of (Nb,Ti)C reinforced Fe-7Cr-C-Nb-Ti series cladding
layers. The primary goal is to address the issues of low hardness and poor wear resistance in hypoeutectic Fe-7Cr-C series
cladding alloys to meet the higher performance requirements for wear resistance in mechanical components. In the experiment,
20 steel plates are used as the substrate. Five groups of cladding alloy powders with different Nb-to-Ti atomic ratios are
prepared and cladded via plasma cladding technology. Various techniques, including thermodynamic analysis, X-ray diffraction
(XRD), scanning electron microscopy (SEM), microhardness testing, and abrasive wear testing, are employed to
comprehensively evaluate the microstructure and mechanical properties of the cladding alloys under different Nb/Ti ratios. The
results show that as the Nb/Ti ratio increases, the microstructure of the cladding layer gradually transforms from a hypoeutectic
structure (a-(Fe-Cr) + network eutectic M;C; + (Nb,Ti)C) to a near-eutectic structure (M + A" + (Nb,Ti)C + M;C; + NbCgcripy),
and finally to a hypereutectic structure (martensite, austenite matrix, a large amount of primary (Nb,Ti)C, and a small amount of
secondary NbC and My;Cy). During this process, the quantity of (Nb,Ti)C in the cladding layer continuously increases, with its
morphology being granular in the range of Nb/Ti = 0.5 : 1 to 2 : 1, and transforming into dendritic and clustered shapes at
Nb/Ti = 2.4 : 1. Simultaneously, the amount of M,C; gradually decreases until it disappears, with a small amount of M;Cq
precipitating in the cladding layer. The microhardness and wear resistance of the cladding layer first increases and then
decreases with the Nb/Ti ratio. When Nb/Ti = 2 : 1, the alloy exhibits the best performance, with a microhardness of
728.4HVO0.5 and the lowest wear loss (0.209 1 g). This phenomenon is attributed to the synergistic strengthening effect of the
low-carbon martensite matrix and a large number of appropriately sized granular primary (Nb,Ti)C hard particles, as well as a
good balance between the total amount of carbides and eutectic carbides in the alloy microstructure, which improves the wear
resistance of the alloy by approximately 3.1 times compared with when Nb/Ti=2.4 : 1.
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Tab.1 Chemical composition of cladding alloys
wt.%

Alloy C Ctr Nb Ti Al Si Fe
I*(Nb/Ti=0.5 : 1) 1.73 6.65 1.44 232 2.01 1.48 Bal
2'(Nb/Ti=1 : 1) 1.81 6.67 2.85 237 196 1.53 Bal
3¥(Nb/Ti=1.5 : 1) 1.79 6.63 4.29 229 194 1.58 Bal
4Nb/Ti=2 : 1) 1.71 6.72 5.77 2.42 194 1.45 Bal
5 (Nb/Ti=2.4 : 1) 1.77 6.64 7.15 234 2.03 1.56 Bal

x2 HBEIZSH

Tab.2 Parameters of cladding process

Transfer arc  Powder feeding Arc weaving

Arc-to-workpiece

Arc weaving Ionized gas/ Protective gas/

current/A voltage/V width /cm distance/mm frequency/min (m*h™ (m*-h™
160 30 2.0 3 21 0.6 0.6
x3 EBHRiAESH
Tab.3 Wear test parameters
Rubber wheel rotational Rubber wheel Rubber wheel surface Quartz sand/ Sand usage Wear
speed/(r'min ") diameter/mm pressure/MPa (mesh) amount/kg time/min
240 150 20-50 1.5 3
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Fig.1 Equilibrium phase diagram of cladding alloys
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Tab.4 EDS analysis results of typical regions

wt.%
Specimen Point Fe Cr Nb Ti C Al
M,C; 73.87 11.72 0.12 0.05 14.16 0.08
Alloy 1 (Nb,Ti)C 2.00 0.55 60.56 10.90 25.97 0.02
a-Fe 89.24 3.64 0.08 0.03 6.99 0.02
M;C; 69.08 20.59 0.07 0.10 10.06 0.10
Alloy 2 (Nb,Ti)C 3.90 1.08 63.52 9.85 21.63 0.02
a-Fe 72.07 20.62 — 0.07 7.24 —
M,C; 68.43 17.29 — 0.14 14.14 —
Alloy 3 (Nb,Ti)C 12.75 1.31 52.05 3.74 30.12 0.03
Secondary-NbC 26.63 1.51 44.65 2.33 24.86 0.02
M 88.77 5.26 0.03 0.09 5.85 —
(Nb,Ti)C 3.41 0.42 75.28 591 14.70 0.28
Alloy 4 Secondary-NbC 21.36 2.06 48.54 8.47 19.46 0.11
M 89.20 5.88 — 0.10 4.72 0.10
(Nb,Ti)C 1.80 0.59 76.17 3.74 17.70 —
Alloy 5 Secondary-NbC 2.00 0.55 60.56 10.90 25.97 0.02
M 81.26 11.35 0.10 0.12 6.80 0.37
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Fig.6 Surface scanning images of cladding layer of alloy 5
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Fig.7 Variations in microhardness and wear
mass loss of five cladding alloys
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