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Formation of Periodic Microstructures on Ti-6Al1-4V Alloy with High Repetition Rate Nanosecond Fiber Laser

TANIGAWA Daichi, TSUKAMOTO Masahiro, SHINONAGA Togo, NAGAI Akiko, HANAWA Takao,
YAMASHITA Kimihiro, MASUNO Shinichiro, TAKAHASHI Kenjiro, FUJISAKI Akira and ABE Nobuyuki

Titanium (Ti) alloys have been widely used for biomaterials due to their high mechanical properties although they

have bioinertness.

one of the most useful methods for reducing bioinertness.

Therefore, suppression of the bioinertness is required. The periodic microstructure formation is

In this study, the periodic microstructures with the period of

10 to 50 um were formed on Ti-6Al-4V plates with a thickness of 1 mm by high reperition rate nanosecond fiber laser

irradiation.

Wavelength, pulse width and repetition rate of the nanosecond fiber laser were 1064 nm, 100 ns and 1

MHz, respectively. The period of the periodic microstructures was changed by controlling the hatching distance.

The biocompatibility of Ti-6Al-4V plates was improved by the periodic microstructure formation.
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Fig. 1 (a) laser irradiation procedure, (b) bump formation by

laser irradiation, (c) next laser irradiation method (d)
another bump formation by laser irradiation and (e)
periodic microstructures after scanning of laser focus-
ing spot.
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Fig. 2 (a) experimental setup and (b) laser irradiation proce-
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Fig. 3 Optical images of Ti-6A1-4V plate surface after nano-
second laser irradiation at the power density of (a) 1.2,
(b) 1.5and (c) 1.9 MW/cm?, respectively. Cross sec-
tion profiles at (al), (a2) and (a3) in (a) are shown in
(d), (e) and (f), respectively. Cross section profiles
at (b1), (b2) and (b3) in (b) are shown in (g), (h)
and (i), respectively. Cross section profiles at (c1),
(c2) and (c3) in (c) are shown in (j), (k) and (1), re-
spectively.
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Fig. 4 Optical images of Ti-6Al-4V plate surface after CW la-
ser irradiation at the power density of (a) 0.67, (b) 1.0
and (c¢) 1.5 MW/cm?, respectively. Cross section pro-
files at (al), (a2) and (a3) in (a) are shown in (d),
(e) and (f), respectively. Cross section profiles at
(b1), (b2) and (b3) in (b) are shoen in (g), (h) and
(i), respectively. Cross section profiles at (c1), (c2)
and (c3) in (c) are shown in (j), (k) and (1), respec-
tively.
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Fig. 5 Optical images of Ti-6Al-4V plate surface after nano-
second laser irradiation for 1.5 MW/cm? at the hatching
distance of (a) 10, (b) 30 and (c) 50 um, respectively.
Cross section profiles at (al), (a2) and (a3) in (a) are
shown in (d), (e) and (f), respectively. Cross sec-
tion profiles at (b1), (b2) and (b3) in (b) are shown
in (g), (h) and (i), respectively. Cross section pro-
files at (c1), (c2) and (c3) in (c) are shown in (J),
(k) and (1), respectively.



Fig. 6 Optical images of Ti-6Al-4V plate surface after CW la-
ser irradiation for 1.5 MW/cm? at the hatching distance
of (a) 10, (b) 30 and (c) 50 pm, respectively. Cross
section profiles at (al), (a2) and (a3) in (a) are
shown in (d), (e) and (f), respectively. Cross section
profiles at (b1), (b2) and (b3) in (b) are shown in
(), (h) and (i), respectively. Cross section profiles
at (c1), (c2) and (¢3) in (c) are shown in (j), (k) and
(1), respectively.
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Optical images of Ti-6Al-4V plate surface after nano-
second laser irradiation for 1.5 MW/cm? at the hatching
distance of (a) 10, (b) 30 and (c¢) 50 pum, respectively.
Cross section profile at (al) in (a) is shown in (d).
Cross section profile at (b1) in (b) is shown in (e).
Cross section profile at (c1) in (c) is shown in (f).
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Fig. 10 Periodic microstructures formation process dependent
on hatching distance. Dgy, Dy, and Dy are the depth
and period of periodic microstructures and hatching
distance, respectively. (a) is Hatching distance is
long and (b) is short.
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