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Abstract: As a low-carbon maraging steel, 18Ni(200) maraging steel is widely utilized in aerospace applications because of
its superior mechanical properties, such as high strength and toughness. However, under demanding service conditions, the
material is prone to wear damage. Laser remelting was employed to perform in situ repair of damaged components, which
significantly improved the surface quality and extended their service life. The evolution mechanisms of the microstructure
and properties during rapid solidification and heat treatment, key stages of the laser remelting process, were investigated as
critical scientific aspects. An investigation was conducted on the variation patterns of the depth and hardness of the
remelted layer under different energy densities. The results indicate that the energy density solely affects the depth of the
remelted layer, whereas the microstructure and hardness of the repaired remelted layer demonstrate favourable uniformity.
Furthermore, the microstructural evolution in the clad zone and the substrate after heat treatment was clucidated. The results
reveal a uniform distribution of low-angle grain boundaries and residual stress in both regions, with no stress concentration
observed at the interface. This demonstrates excellent compatibility between the cladding layer and the substrate,
confirming the reliability and effectiveness of the repaired region both before and after heat treatment.

Key words: maraging steel; laser remelting; in-situ remediation

18Ni(200) (<0.03%) . , . .
’ ’ N [1-3] o
s \ s
12025-08-23
(2022YFB3705300)
,1998 s . . Email: zhonghaoyu@nwpu.edu.cn
,1984 s , . . Email: zhjwang@nwpu.edu.cn
s > s , s . 18Ni(200)
[J]. ,2026,47(7): 766-774.

ZHONG HY, YANGJ W,RENHY, XU Q, LI XL, WANG Z J. Microstructural evolution and mechanical properties of laser-
remelted 18Ni(200) maraging steel during rapid solidification and heat treatment[J]. Foundry Technology, 2026, 47(7): 766-774.

hEIM  https://www.cnki.net



<767

4 207/2026 , 18Ni(200)
s - 5.46% 4.79%
N 18Ni(200)
[4]O ,
[23]
18Ni(200) ,
[5-6]O
N , N , 18Ni(200)
[7-9] 1
, N N 18Ni(200) ,
o 1. 1
(10°~10° W/cm?) , , 2mm,
N N P} 40’\’1 10 J/mm2
) N N N ° 1500
N , , 1800 W s 8.12.16 .20 mm/s
(o3 18Ni(200) o
, , [14--16]O (1) R
2 o
° 18Ni(200) 1 o
(18] _r
Eeie M
JE; ;P ;D o
. Song , 18Ni(300) 1
° 800 C
120] l1h ,-78.5 C 12h,550 C
4h o
6.4%, Ni.Ti.Mo ,
o Zhang P -
o 510 C ,
s s 1 18Ni(200)
5 (550 °C) Fig.1 Substrate of 18Ni(200)A maraging steel after laser
remelting
N , o Zhang ™
1 18Ni
Tab.1 Chemical composition of the 18Ni alloy
(mass fraction/%)
C S P Si Mo Ni Ti Al Mn Co Fe
0.010 0.007 0.013 0.120 4.690 17.800 0.200 0.130 0.050 8.380 Bal.
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Fig.2 Schematic diagram of microhardness test positions
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Fig.3 Macroscopic morphology of the remelted layer: (a) before
heat treatment; (b) after heat treatment
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Fig.4 Hardness test results: (a) hardness of the as-clad sample at 1 500 W; (b) hardness of the as-clad sample at 1 800 W; (c) hardness
of the heat-treated sample at 1 500 W; (d) hardness of the heat-treated sample at 1 800 W
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Fig.5 Evolution of the remelted layer depth with increasing laser
scanning speed
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Fig.6 Microstructure within the remelted layer under different energy densities: (a) 125 J/mm? (b) 150 J/mm?
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Fig.7 Interface characterization of the remelted layer fabricated at 1 500 W: (a) secondary electron (SE) image of the as-deposited
sample; (b) inverse pole figure (IPF) map of the as-deposited sample; (c) SE image of the heat-treated sample; (d) IPF map of the
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Tab.3 Phase content of the 1 500 W remelted layer and
substrate after heat treatment

. Retained Martensite Reversed
Martensite . .
. austenite content packet content  austenite content
packet content in

in the clad in the substrate  in the substrate
the clad layer/%
layer/% material/% material/%
(Fe-BCC)
(Fe-BCC) (Fe-FCC) (Fe-FCC)
91.40+4.00 8.60+3.00 98.09+7.00 1.91+4.00
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Fig.8 Box plots of grain size for substrate and remelted layer R
under different heat treatment conditions
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Fig.9 Interface phase distribution of the remelted layer formed by a 1 500 W laser before and after heat treatment: (a) phase
distribution before heat treatment; (b) phase distribution after heat treatment
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Fig.10 Interface of the 1500 W remelted layer before and after heat treatment: (a) KAM distribution at the remelted layer interface
before heat treatment; (b) KAM distribution at the remelted layer interface after heat treatment; (c) low-angle grain boundary
distribution at the remelted layer interface before heat treatment; (d) low-angle grain boundary distribution at the remelted layer
interface after heat treatment
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Fig.11 Interfacial characteristics of the 1 800 W remelted layer: (a) IPF of the remelted layer interface before heat treatment; (b) IPF of
the remelted layer interface after heat treatment; (c) phase distribution at the remelted layer interface before heat treatment; (d) phase
distribution at the remelted layer interface after heat treatment

12 1800 W :(a) KAM ;(b) KAM
Fig.12 Stress distribution at the 1 800 W remelted layer interface before and after heat treatment: (a) KAM distribution at the remelted
layer interface before heat treatment; (b) KAM distribution at the remelted layer interface after heat treatment
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