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Surface Properties and Microstructures of the Medium Carbon
Steel with a Cladding Layer of Nickel-based Alloy
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Abstract

In this study, Ni-based alloy Deloro60
(Ni-14.4Cr-3.2B-4.4Si) was clad on medium
carbon steel using ultra-high frequency induction
heating. The results show that the clad layer
consists of y-Ni matrix, NizB, Niz Sij;, CrB,
Cr;C; and Ni-Cr-Fe compounds. The interface
compound of Ni-Cr-Fe will increase and both
CrB and Cr,C; will decrease with increasing the
heating time, leading to a slightly decrease in the
hardness near the interface. In the clad layer, the
coarsening of CrB and Cr,C; becomes obvious
as the heating time increases. In other words, the
volume fraction of hardening phases (CrB and
Cr;Cs;) increases and lead to the increasing of
hardness. High heating power and short heating
time will increase the compounds of CrB and
Cr;C; as well as the volume fraction ofy-Ni and
Ni;B ,and lead to increase in hardness of the clad
layer.
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Table 1

The chemical composition and hardness of S45C carbon steel.

Element C Si Mn P S Fe H(a El\r}e)ss
wt% 0.45 0.29 0.865 0.020 0.011 Bal. 275
Table 2 The chemical composition of nickel-based alloy Deloro60 powder.
Element Cr B Si C Fe Ni
wt% 14.40 3.20 44 0.74 3.70 Bal.
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Fig. 1 The equipment of cladding nickel-based
alloy by using ultra-high frequency
induction heating
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Fig. 2 The microstructure of nickel-based clad layer (a)SEI, (b)SEI (c)BEI
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Fig. 3 The microstructure of nickel-based clad layer near the interface.
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Table 3 The chemical composition of clad layer near the interface.

Heating power(%), .. Chemical composition (wt%)
o r Position
Heating time(sec.) Ni Cr B Si C Fe
Gray slender 9 75 1519 231 148 087 4098
phase
Darkblock 53, 7554 1319 010 019 371
phase
7096, 3.5 Dark
%, 3.5sec. hexagonal 849 6944 091 0.06 2.53 10.65
phase
Brightgray 6919 402 0.00 4.48 0.13 16.26
phase
Gray phase  72.35 2.72 1.92 7.14 0.21 11.82
Gray slender 5, 55 11.14 2.51 1.93 0.73 47.40
phase
Darkblock g0 9380 1375 007 020 5.4
phase
0% 4.3 Dark
%, 4.3sec. hexagonal 888 6640  0.88 0040 266 1430
phase
Bright gray (5 - 6.49 0.00 4.41 0.09 21.14
phase
Gray phase  68.96 3.38 1.79 3.38 0.14 16.71

NTU COMP 15.8kY 1,108

heating power is 70%.
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Fig. 4 The microstructure of clad layer varied with the heating tim

(b)

Fig. 5 The microstructure of clad layer near the interface varied with the heating time of (a)3.5sec and

(b)4.3sec when the heating power is 70%.
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Fig. 6 The X-ray diffraction patterns of nickel-based clad layer with the heating time of (a)3.5sec and
(b)4.3sec when the heating power is 70%.
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Fig. 9 The results of corrosion test for the
specimen in different conditions of (a)40
‘Chydrochloric acid for 1 hr, (b)40°C
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