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Local Surface Hardening of Low Carbon Steels
by Laser Alloying
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Laser alloying using graphite powder was conducted to increase the surface hardness of low carbon steel.

The relation between a laser-irradiated condition and microstructure of the alloyed zone was studied. An alloyed

zone with 0.4 mm thickness and 800 HV hardness and no defect was obtained using an optimum laser irradiated

condition. Investigation of the cause of porosity in an alloyed zone revealed that the occurrence of porosity was

affected by the oxygen content of the base material. The laser alloyed zone, with 4.0 mm width, was obtained by

laser heat-treatment using a computer generated hologram (CGH) after multiple laser alloying treatments. This

laser alloyed zone exhibited superior wear resistance to that of the base metal.
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Table 1 Chemical composition of substrate (mass%).

C Si Mn P S

SISCK | 0.13 | 027 | 044 | 0.007 | 0.006

Table 2 Laser alloying conditions.

Laser power 720W

Spot diameter Imm

Traverse speed Imm/s~10mm/s

Graphite paste thickness 0.lmm~0.5mm

Shield gas Ar (301/min)

shield gas nozzle

paste

thickndi8 substrate

Fig. 1 Schematic diagram of laser alloying.

3. RBRERLEER

3.1 SEEOHHEBRRELUETAERR

Fig2 il L—¥' &bk ok~ 7 n 5E0—fl%Z
R =YD S EE S TH O, L—
PRUGHZICIEBNTR T & 5 I L — T IRGHT LA D e
ISR =X FAVEEAE L TV edy, BISICHE > T
FLIER—=AMIBRE L. KHIRT RO
A, L—YIRGNC & > TARL L 72 R & A U 7z i
MEAGLUTERLEGRETHS. GO E<
RZ 28, BRREICIEEL TORVD, L—
R OB BIC K > TSIV T Y A AR L
T HO, BM (T 2T4 F/8—F A M#%k)
IR G B 72DICa Y FT A FDEWHBINT
V5.

graphite paste

Fig. 2 Cross section of laser alloyed zone.
(paste thickness 0.25 mm, traverse speed 2 mm/s)
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Fig. 3 Relation between size of laser alloyed zone and

traverse speed.
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Fig. 4 Microstructures of laser alloyed zone.
(a) traverse speed 2 mm/s, paste thickness 0.1 mm
(b) traverse speed 2 mm/s, paste thickness 0.25 mm
(c) traverse speed 2 mm/s, paste thickness 0.5 mm
(d) traverse speed 10 mm/s, paste thickness 0.5 mm
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Fig. 5 Relation between microstructure of laser alloyed zone
and laser alloying conditions.
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Fig. 6 Hardness-depth profiles.
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Fig. 7 Longitudinal section of laser alloyed zone.
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Fig. 8 Schematic diagram of multiple laser alloying treatments and laser heat treatment with CGH.
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Fig. 9 Cross section of laser alloyed zone.
(a) as laser alloying (paste thickness 0.1 mm,
traverse speed 2 mm/s)
(b) after laser heat treatment(power 330 W,
traverse speed 3 mm/s)
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Fig. 10 Hardness profile at 0.1 mm depth from surface.
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Fig. 11 Schematic diagram of wear tester.

Fig. 12 Wear scar of (a)S15CK base metal and (b)S15CK
laser alloyed zone.
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