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Table 1  Physical properties of common ceramic phases and H13
Material Density /(gecm *) Melting point /°C Thermal expansion coefficient /(107° K™")
Cr;C, 6.68 1890 10. 3
TiC 4.93 3147 7.4
wcC 15.70 2776 5.2-7.3
H13 7. 80 1427 12. 4
# 2 HI3 BRI
Table 2 Chemical composition of H13 powder unit: %
C Si Mn Cr Mo \% O Fe
0. 36 1. 00 0. 36 4.91 1.47 0. 60 0. 36 1. 00
%3 NiCrCr,C, BiR ML 5r
Table 3 Chemical composition of NiCr-Cr; C, powder unit: %
NiCr Cr,C, Impurity
25 75 <0.1
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Table 4 Powder ratio scheme and cladding process parameters

Number Powder ratio

Laser power /kW

Scanning speed / Defocusing Overlap /
verlap /mm

(mmes ') amount /mm

1 95% H1345%NiCr-Cr; C,
2 90 % H13+10%NiCr-Cr, C,
3 85% H13+15% NiCr-Cr, C,
4 80% H134-20 % NiCr-Cr, C, 1800
5 75% H13425 % NiCr-Cr, C,
6 70 % H134+30 % NiCr-Cr, C,

10 30 1.5
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Fig. 1 Micromorphology of different powders. (a) H13; (b) NiCr-Cr;C,
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Fig. 2 Macroscopic morphology of cladding layer
surface. (a) sample No. 1; (b) sample No. 2;
(c¢) sample No. 3; (d) sample No. 4;

(e) sample No. 5; (f) sample No. 6
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Fig. 3 Metallographic structure of cladding layer.
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Fig. 4 Scanned images of cross section of cladding layer
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Fig. 5 X-ray diffraction pattern of cladding layer surface. (a) Mixed powder; (b) cladding layer
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Fig. 6 Surface micromorphology of No. 1 sample after thermal fatigue test. (a) Thermal fatigue 5 times; (b) thermal

fatigue 25 times; (c) thermal fatigue 35 times

"v‘_ e, . - T v e -y L

P72 SRR 57 I8 S5 R R O AR . () #8895 5 UCs () B 95 25 W5 (o #5735 Ik

Fig. 7 Surface micromorphology of No. 2 sample after thermal fatigue test. (a) Thermal fatigue 5 times; (b) thermal

fatigue 25 times; (c¢) thermal fatigue 35 times
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Fig. 8 Surface micromorphology of No. 3 sample after thermal fatigue test. (a) Thermal fatigue 5 times; (b) thermal

fatigue 25 times; (c¢) thermal fatigue 35 times
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Fig. 9 Surface micromorphology of No. 4 sample after thermal fatigue test. (a) Thermal fatigue 5 times; (b) thermal

fatigue 25 times; (c) thermal fatigue 35 times
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Fig. 10 Surface micromorphology of No. 5 sample after thermal fatigue test. (a) Thermal fatigue 5 times; (b) thermal

fatigue 25 times; (c) thermal fatigue 35 times
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Fig. 11 Surface micromorphology of No. 6 sample after thermal fatigue test. (a) Thermal fatigue 5 times; (b) thermal

fatigue 25 times; (c¢) thermal fatigue 35 times
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Fig. 12 Microhardness of cladding sample. (a) Surface of sample cladding layer; (b) cross section of cladding layer
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Abstract

Objective With the development of science and technology and its needs in practical engineering, metal parts are
often subjected to extreme conditions, such as high alternating stress, high temperature, high speed, and high
corrosion. Therefore, solving the problem of repairing failed parts under extreme conditions is urgent and
complicated. It is necessary to analyze and evaluate the failure mode and service life of parts and seek suitable repair
materials and process methods. In this study, the hot working die of H13 steel commonly used in engineering is
taken as the background, and the strengthening and repair under extreme conditions are taken as the starting point,
and investigates the laser cladding strengthening and remanufacturing technology to strengthen various parts suitable
for operation under extreme conditions. Repair provides a certain reference significance. Recently, there have been
successful study results based on laser cladding; however, the study on Cr;C,-NiCr powder as a laser cladding
material is relatively rare. Therefore, Cr;C,-NiCr is selected herein as the cladding material where Cr;C,, as a
reinforcing phase, can improve the wear resistance, heat resistance, and hardness of the mold surface. Its physical
properties resemble those of H13 steel, thereby reducing the melting cracking caused by material mismatch during
the coating process. As an adhesive, NiCr can play a transitional role between the substrate and cladding material and

improve the heat and corrosion resistance of the bonded part.

Methods Laser cladding technology is used to prepare a cladding layer of H13 and Cr,C,-NiCr composite powder on
the surface of the H13 substrate. The microstructure and phase structure of the cladding powder and coating and the
bonding characteristics of the coating and substrate are observed and analyzed using scanning electron microscopy
(SEM), energy dispersive spectroscopy (EDS), and X-ray diffraction (XRD). The thermal fatigue property of the
cladding layer is tested using a thermal shock test. The microhardness of the coating surface and section are
measured using a microhardness tester. The influences of various factors on the wear resistance of the substrate and
cladding layer are tested using a high-temperature friction and wear tester.

Results and Discussions The quality of the cladding layer of the Cr;C,-NiCr composite powder prepared via laser
cladding is related to its volume fraction ratio. Compared with other proportioning schemes in the experiment, the
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cladding layer quality achieves the best performance using the ratio of 85 % H13 and 15 % NiCr,C, (Fig. 2). The grain
distribution of the cladding layer is uniform; the direction of the dendrite is generally along the substrate and points
to the surface of the cladding layer at a certain angle (Fig.3). The structure in the cladding layer is dominated by
dendrite, and the main phases are martensite, Cr;C,, Cr;C,, and carbide (Cr-Fe);C,, among which the martensite
diffraction peak is the most obvious (Fig. 5). The surface scanning atlas show that the binding mode between the
cladding layer and matrix is metallurgical bonding (Fig. 4). Thermal shock tests show that sample No. 3 with this
ratio scheme achieves the best thermal fatigue performance (Fig. 8). The microhardness of the cladding layer
surface of the six samples are tested, and the microhardness of the cladding sample surface significantly increased
compared with the substrate (Fig. 12 (a)). The surface microhardness of the cladding layer of sample No. 3 is
measured. The results show that the surface hardness of the cladding layer is the highest, with a microhardness
value of approximately 1100 HV. With an increase in the distance from the surface of the cladding layer, the
microhardness value of the cladding layer decreases gradually. At 0.8 mm from the surface, owing to many carbides
and aciculate martensite dispersed in the tissue, the hardness is approximately 790.65 HV (Fig. 12 (b)). Due to the
occurrence of self-quenching in the surface of the matrix, the hardness increases compared with other regions of the
matrix. The microhardness of the laser cladding layer increases by approximately 350 HV compared with that of the
substrate, which can strengthen the surface of H13 steel. The wear resistance test of the cladding layer showes that
under the same conditions, the wear depth of the cladding layer is lower than that of the matrix, indicating that the
wear resistance of the cladding layer is higher than that of the matrix (Fig.13).

Conclusions Under the determined process parameters, the cladding layer quality of 85% H13 + 15 % NiCr-Cr,C,
composite powder prepared via laser cladding achieves the best performance and the composite powder exhibits the
Fe-Ni and Fe-Cr phases in the XRD pattern. The main phases of the cladding layer are martensite, Cr;C,, Cr;C;,
and carbide (Cr-Fe),C;, among which the martensite diffraction peak is the most obvious. This suggests that the
martensite transformation is relatively complete in the structure obtained after cladding. After laser cladding
treatment, the microhardness of the cladding layer is significantly increased and it increases with increase in the
Cr;C,-NiCr content. The surface microhardness of the cladding layer is close to 1100 HV, which is approximately
twice that of the substrate (570 HV). The average microhardness of the cladding layer (920 HV) is increased by
approximately 350 HV compared with that of the substrate, achieving the purpose of strengthening the surface of the
H13 steel. Under the same conditions, the wear depth of the substrate is significantly greater than that of the
cladding layer, indicating that the wear resistance of the cladding layer is better than that of the substrate.
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