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Table 1 Chemical composition of Grade 4 Ni-based superalloy
(wt%)

Fe Co Cr C B Si Ni
3.50 1.02 13.17 0.49 2.37 3.73 Bal.
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Fig.2 SEM images of the powders: (a) Grade 4 nickel alloy, (b) Nb, and (c) WC
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Table 2 Numbers of the coatings with different composition (wt%)

Coating number Grade 4 Nb wC
1# 100 0 0
2# 99 1 0
3# 97 3 0
4# 95 5 0
S# 90 10 0
ot 85 10 5
T# 80 10 10
8# 75 10 15
o# 70 10 20
10# 65 10 25

K3 4
Fig.3 Schematic diagram of 3D sampling
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Fig.4 XRD patterns of samples 1#, 5# and 8#
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Fig.5 Longitudinal section OM images (a—¢) and dendrite sizes (f) of coatings with different Nb contents: (a) 1#, (b) 2#, (c) 3#, (d) 4#, and (e) 5#
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Fig.6 Longitudinal section SEM images of coatings with different Nb contents: (a) 1#, (b) 2#, (c) 3#, (d) 4#, and (e) 5#
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Fig.7 Longitudinal section images (a—b) and corresponding elemental distributions (a, —a,, b, —b,) of coatings with different Nb contents:

(a, a,—a,) 1# and (b, b -b,) 5#
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Fig.8 Longitudinal section OM images (a—e) and dendrite size (f) of coatings with different WC contents: (a) 6#, (b) 7#, (c) 8#, (d) 9#, and

(e) 10#
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WC contents
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Table 3 Wear parameters of the coatings and calculation results

of wear rate

Coating V/mm’ WIN Lim  @/x10° mm’ N"'m’
1# 0.048 30 21.6 7.41
2# 0.040 30 21.6 6.17
3# 0.040 30 21.6 6.17
4# 0.029 30 21.6 4.48
S# 0.026 30 21.6 4.01
6# 0.023 30 21.6 3.54
T# 0.021 30 21.6 3.24
8# 0.012 30 21.6 1.85
o# 0.019 30 21.6 2.93
10# 0.022 30 21.6 3.39
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Fig.18 Trend of wear rate
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Fig.19 Two-dimensional topographies of abrasion marks
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Microstructure and Wear Resistance of Ni-based Alloy Composite Coatings Prepared by

Laser Melting Deposition

Li Jiadong', Shao Huayang', Liu Shiwei’, He Chen’, Zhao Yuhui*, Zhao Jibin’
(1. State Key Laboratory of Digital Steel, Northeastern University, Shenyang 110819, China)

(2. Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang 110016, China)

(3. Military Representative Office of the Air Force Equipment Department in Liaoyang, Shenyang 110016, China)

Abstract: The Nb and WC composite-strengthened Grade 4 Ni-based superalloy coatings were prepared on 304NG stainless steel substrate by

laser melting deposition technology. The effects of Nb and WC mass fraction on the microstructure, microhardness and wear resistance of the Ni-

based superalloy coatings were studied. The results show that the coating is well combined with the substrate without obvious cracks, pores and

other defects. The addition of alloying element Nb leads to new hard phases NbC and Nb C,, which make the eutectic structure of the alloy denser

and also improves the hardness and wear resistance of the coating. The coating with 10wt% Nb+15wt% WC shows the best wear resistance. The

continuous eutectic structure changes from long strip and reticulation to four shapes of separated short strip, block, granular and fishbone. At the

same time, the addition of WC transforms the wear mechanism of the coating from abrasive wear and adhesive wear to fatigue wear.

Key words: laser melting deposition; Grade 4 Ni-based superalloy coatings; microstructure; wear resistance
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