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Study of the Microstructure and Mechanical Properties on
Laser Melting Deposition H13 Steel
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Metallic Material, South China University of Technology, Guangzhou 510640, China)

Abstract: Laser melting deposition technology has tremendous application prospects in the mold repair industry, and
determining how the microstructure and mechanical properties of deposited parts vary with respect to the laser parameters
is highly important for selecting the optimal mold repair process window. Experiments on laser melting deposition of H13
steel under different scanning speeds and laser powers were carried out, and the evolution of the microstructure and
mechanical properties were analysed. The results show that as the scanning speed increases from 400 mm/min to 600
mm/min, the amount of fine martensite increases, the hardness of the deposited layer increases by approximately 3%, the
plasticity decreases by approximately 1%, and the strength increases and then decreases. An increase in the number of
defects leads to a decrease in the bonding strength with the substrate by approximately 20%. With increasing laser power
from 1 800 W to 2 200 W, the size of the martensite increases, while the martensite content decreases. The hardness of the
deposited layer decreases by approximately 5%, and the strength and plasticity increase by approximately 34% and 2%,
respectively. At the same time, a decrease in the number of defects leads to an increase in the bond strength of
approximately 58%.
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Tab.1 Chemical composition of the H13 steel substrate
and powder
(mass fraction/%)

Element C Si Mn Cr Mo \% Fe

Substrate 040 1.05 035 521 139 1.03 Bal

Powder 035 095 032 5.05 1.35 1.00  Bal.
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Fig.1 Morphology and particle size distribution of H13 steel powder: (a) SEM image; (b) particle size distribution
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Fig.2 Analytical samples: (a) sampling location and method; (b) shape and size of the tensile specimen
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Tab.2 The relative density of the deposited samples
measured by the Archimedes method

Parameter 1800 W 2000 W 2200 W
400 mm/min 98.72% 98.92% 99.25%
500 mm/min 98.30% 98.56% 98.90%
600 mm/min 97.78% 97.81% 98.34%

[ 3 PULERIHE « (a) BT OM JE A FTTAR 7 1] 5 (b) B4k SEM B ; (c) #u sz i X SEM JE i
Fig.3 Deposited sample: (a) OM image showing the morphology of the cross section and building direction; (b) SEM image showing
the morphology of the substrate; (¢) SEM image showing the morphology of the heat-affected zone
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El 4 RFEZSECT U244 (a, d) 2 000 W, 400 mm/min; (b, €) 2 000 W, 500 mm/min; (c, f) 2 000 W, 600 mm/min;
(g, 1) 1 800 W, 500 mm/min; (h, j) 2 200 W, 500 mm/min
Fig.4 Microstructures of the deposited layers with different parameters: (a, d) 2 000 W, 400 mm/min; (b, ) 2 000 W, 500 mm/min;
(c, ) 2 000 W, 600 mm/min; (g, 1) 1 800 W, 500 mm/min; (h, j) 2 200 W, 500 mm/min
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Fig.5 Quantitative statistics of microstructural characteristics: (a) area fraction of martensite; (b) sizes of martensite and austenite (A
represents austenite, M represents martensite)

Bl 6 ANFSECRARDIORRZ 3 B IE 3 « (a~c) 2 000 W, 400 mm/min; (d~f) 2 000 W, 500 mm/min; (g~i) 2 000 W,
600 mm/min; (j~1) 1 800 W, 500 mm/min; (m~o) 2 200 W, 500 mm/min
Fig.6 Carbides in different deposited layers under different parameters: (a~c) 2 000 W, 400 mm/min; (d~f) 2 000 W, 500 mm/min;
(g~1) 2 000 W, 600 mm/min; (j~1) 1 800 W, 500 mm/min; (m~o0) 2 200 W, 500 mm/min
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Fig.7 Size and area fraction of carbides: (a) size and area fraction of carbides in different deposited layers at 400, 500 and 600

mm/min for a laser power of 2 000 W; (b) size and area fraction of carbides in different deposited layers at 1 800, 2 000 and 2 200 W
for a scanning speed of 500 mm/min. (The first numbers in the horizontal coordinates represent the scanning speed and laser power: 1,

2, and 3 in (a) represent 400, 500 and 600 mm/min, respectively; 1, 2, and 3 in (b) represent 1 800, 2 000 and 2 200 W, respectively;

and the second number represents the position: 1, 2, and 3 in (a) represent the first, second and third deposited layers, respectively)

Kl 8 XRD [El4 : (a) H13 HIEEAAFIHOL I A4 2 000 W I, AN 47406 3 8 T AR (89 XRD &3 5 (b) 49482 B 2 500 mm/min
AR FEHOG TR T IURZ 1 XRD F i
Fig.8 XRD patterns: (a) XRD patterns of the H13 steel substrate and deposited layers at different scanning speeds when the laser power
is 2 000 W; (b) XRD patterns of the deposited layers at different laser powers when the scanning speed is 500 mm/min
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Tab.3 The tensile properties of the substrate and LMD
and LMD-SUB samples at different scanning speeds for a
laser power of 2 000 W

Scanning LMD yield LMD tensile LMD LMD-SUB
speed strength strength  elongation bonding strength
/(mm-min™) /MPa /MPa 1% /MPa
Substrate 1081+16  1483+11 10.5+0.5
400 1129+23 168130 7.3+0.5 140917
500 141539 1 869+45 6.8+0.3 1290+22
600 1308+50  1721+22 6.4+0.3 113114
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JEI) T 0 R R A
Fig.9 Cross-sectional hardness distribution of the deposited specimens: (a) hardness distribution at different scanning speeds when the
laser power is 2 000 W; (b) hardness distribution at different laser powers when the scanning speed is 500 mm/min
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Tab.4 Tensile properties of LMD and LMD-SUB
specimens under different laser powers at scanning speed
of 500 mm/min

LMD yield LMD tensile LMD LMD-SUB

Laser power
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Fig.10 Tensile fracture morphology of LMD specimens at different parameters: (a) 2 000 W, 400 mm/min; (b) 2 000 W, 500 mm/min;
(c) 2 000 W, 600 mm/min; (d) 1 800 W, 500 mm/min; (e) 2 200 W, 500 mm/min
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B 11 ANFZ5CT LMD-SUB IR B 2400 & 5 W LB S . (a, d) 2 000 W, 400 mm/min; (b, €) 2 000 W, 500 mm/min;
(c, f) 2000 W, 600 mm/min; (g, i) 1 800 W, 500 mm/min; (h, j) 2 200 W, 500 mm/min
Fig.11 Fracture positions and morphologies of LMD-SUB samples under different parameters: (a, d) 2 000 W, 400 mm/min;
(b, e) 2 000 W, 500 mm/min; (c, f) 2 000 W, 600 mm/min; (g, 1) 1 800 W, 500 mm/min; (h, j) 2 200 W, 500 mm/min
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