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Fig.1 Process flow diagram
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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.

R2 RENRLESY

Table 2 Heat treatment parameters of coatings

Coating number  Annealing temperature/°C ~ Annealing time/h

1#

2# 600 1
3# 650 1
4# 700 1
S# 700 3
6# 700 5
T# 700 7
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Fig.2 Schematic diagram of the tensile specimen
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Fig.3 XRD patterns of different coating samples
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Fig.4 OM images of 1#-4# coatings: (a) 1# coating, (b) 2# coating, (c) 3# coating, and (d) 4# coating; (e) dendrite size of coatings
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Fig.5 SEM images of 1#-4# coatings: (a) 1# coating; (b) 2# coating; (c) 3# coating; (d) 4# coating
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Fig.8 OM images of 4#-7# coatings: (a) 4# coating, (b) 5# coating, (c) 6# coating, and (d) 7# coating; (e) dendrite size of coatings
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Fig.9 SEM images of 5#-7# coatings: (a) 5# coating; (b) 6# coating; (c) 7# coating
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Fig.11 Hardness of XOZ section (a) and average hardness of XOY

cross-section (b) of 1#-4# coatings
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Fig.16 Depth of wear marks on 5#-7# coatings
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Table 3 Calculation results of wear rate

Coating V/mm® WIN  Lm  /~<10°mm*N"m"'

1# 0.012 30 21.6 1.85
24 0.016 30 216 2.47
3% 0.011 30 21.6 1.68
a4 0.009 30 21.6 1.34
5# 0.018 30 21.6 2.77
o# 0.023 30 21.6 3.56
TH 0.024 30 21.6 3.70
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Fig.17 Wear rate of coatings
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Fig.18 Two-dimensional morphologies of wear marks on 1# — 7#

coatings
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Fig.19 SEM images of wear marks on 1#-4# coatings: (a) 1# coating; (b) 2# coating; (c) 3# coating; (d) 4# coating
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Fig.20 SEM images of wear marks on 5#-7# coatings: (a) 5# coating; (b) 6# coating; (c) 7# coating
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Fig.21 Tensile properties of coatings with different heat treatment temperatures
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Fig.22 Tensile properties of coatings with different heat treatment durations

2w

1) B 18 KL BT i, U 2 R 3 i 2H 2R 00 A1 1
S BRI —IB JGR BT, A b HR B R R
MEK , KR 2 I 3L R U A S R AR IR . 4
600 ‘CIB KALFR 5 , AR} Py S5 5 4 2 IO 55 A AR o
fIE, B0 AT 3 A ZUB r) T i g A o SO
LR RIEI AR AR R I B E R TR R X . BEE
R SR B A, M A SRR FE B & 650~700 °C X [H]K
HH TR IR FE R T e R A L A 2E SR A A S AL

2B B K EE T R B B P RE O N RS

FRT; RS R A IR UR L I S BT R &
R KR E R 700 C L LRI 1 h AP A S22 W HIEE IR E I
JBE 52 KB 0.48, BE IR IR FRAR 22 9.75 um, B JR IR
BRI AL FE IR JE PR 2 27.3% , BE 15 %6 H J K 1)
1.85x10° mm*N"m™" &K £ 1.34x10° mm’N"'-m "', [%
K20 27.5%. 9555 RE0HE K IR 1 BB B 9% 57 B
T A8 O B R BE A . U S B A A AN 0.26% 38 Jn ]
3.32%.

3)TEIR KR E N 700 °C L GRS (8] 43 3.5 F1 7 h
B, 4% 2 RSO 23RN BE 450 S R R A IR R 78 H 2
TR IZ B IR VR BESG N, BE A0 26 TH 5y , A% 3% B i 5 18 K I [



9 1]

PR PUCHL T ZX NI & e E aiEHA S5 VER AR

* 2361 -

MIIE, B IR I BE AR AH 200 B3, BRI 2 1T
BE AR BE , (E B0 98 B AR A fif 6 R 2R KR B R P& 1)
oL, MARE— BV N 2B @EH . G5 NR
JE S0 45 BLAT LUR RE , 700 °C R ARTE 1 h HEAT A IR K
AR T2 B TR 2 i S 45 1 B R e 1 R 1 e e ik
HILZSH.

SE K

[1] Bahnini I, Rivette M, Rechla A et al. The International Journal of
Advanced Manufacturing Technology[J], 2018, 97: 147

[2] Kumar S A, Prasad R V S. Additive Manufacturing: A Tool for
Industrial Revolution 4.0[M]. Duxford: Woodhead Publishing,
2021: 17

[3] Praveena B A, Lokesh N, Abdulrajak B et al. Materials Today:
Proceedings[J], 2022, 52: 1309

[4] Karayel E, Bozkurt Y. Journal of Materials Research and
Technology[J], 2020, 9(5): 11424

[5] Hajare D M, Gajbhiye T S. Materials Today: Proceedings[J]],
2022, 58: 736

[6] Islam M A, Mobarak M H, Rimon M 1 H et al. Polymer
Testing[J], 2024, 132: 108364

[7]Mocanu L P, Bellini C, Berto F et al. Fatigue in Additive
Manufactured Metals[M]. Amsterdam: Elsevier, 2024: 181

[81Gao Z N, Shi H Z, Yang X Y et al. Journal of Materials

References

Processing Technology[J], 2022, 310: 117774
[9] Wang Nan( E ##), Li Jinguo( %= 4 ), Liu Jide( Xl 42 1) et al.
Rare Metal Materials and Engineering(Fi 4 4 J@ M &L 5 LFE)[J],
2024, 53(1): 257
[10] Ur Rahman N, Matthews D T A, De Rooij M et al. Frontiers in
Mechanical Engineering[J], 2019, 5: 16
[11] Ren Hang({£ i), Liu Fencheng(*!| %5 i), Lin Xin(#k ££) et al.
Rare Metal Materials and Engineering( ¥ 5 & J& M ¥l 5 T
F£)[J1, 2019, 48(10): 3289
[12] Khun N W, Toh W Q, Liu E. Tribology in Industry[J], 2023,
45(1): 129
[13] Schneider J, Lund B, Fullen M. Additive Manufacturing[J],
2018, 21: 248
[14] Chlebus E, Gruber K, Kuznicka B et al. Materials Science and
Engineering A[J], 2015, 639: 647
[15] Azadian S, Wei L Y, Warren R. Materials Characterization[J],
2004, 53(1): 7
[16] Calandri M, Yin S, Aldwell B et al. Materials[J], 2019, 12(8):
1293
[17] Suryawanshi V P, Deshmukh P D. Journal of The Institution of
Engineers (India): Series D[J], 2024, 105: 1
[18] Prabhu T R, Moganraj A, Samuel M S et al. Journal of
Manufacturing Processes[J], 2024, 127: 683
[19] Zhou L B, Peng Z, Chen J et al. Materials Science and
Engineering A[J], 2024, 911: 146925

Effect of Heat Treatment Process on Microstructure and Properties

of Ni-based Alloy Composite Coatings

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

(2. Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang 110169, China)

(3. Guangzhou Industrial Intelligence Research Institute, Guangzhou 511458, China)

Abstract: Ni-based superalloy coatings fabricated by laser melting deposition accumulate a large amount of residual stresses inside the coating,

which adversely affects the microstructure and properties of the coating. The grade 4 Ni-based superalloy coatings reinforced with Nb and WC

composite were prepared on 304NG stainless steel substrate by laser melting deposition technique, and the residual stresses inside the coatings

were reduced by annealing treatment. The effects of annealing temperature and annealing time on the microstructure, microhardness, wear

resistance, and tensile properties of the coatings were investigated. The results show that an increase in annealing temperature leads to an increase

in the content of the softer matrix phase y-Ni of the coating, a decrease in hardness, and the transformation of the discretely-distributed eutectic

structure into a continuously-distributed network structure. Comprehensive analysis indicates that the coating after 700 °C/1 h/furnace cooling

treatment exhibits the most excellent wear resistance and tensile properties. This is because the fatigue cracks generated during friction and wear

in this coating disappear, and the wear mechanism transitions from fatigue wear to abrasive wear. At the same time, while ensuring the wear

resistance of the coating, the plasticity of the coating is enhanced, achieving a synergistic enhancement of strength and plasticity.
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