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Research and Mechanism Study on Refurbishing Stainless Bracket

Using Picosecond Laser Based on Laser Cleaning Technology
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Abstract Bracket bonding technology is widely applied in clinical orthodontic practice. However, orthodontic
bracket sheds off frequently due to various reasons which results in the advocating of recycling utilization of the
brackets by refurbishing. In this study, the refurbishing of Mini Sprint stainless bracket by picosecond laser
(wavelengths of 532 nm and 1064 nm, pulse width: <20 ps) is studied. High clean quality without any resin
adhesive is achieved which overcome the limitation of edge diffraction effect during conventional laser cleaning
technique. There is an evidence that the diffusion of the stress vibration due to the elastic waves generated by ultra-
short pulse shots with high frequency is the picosecond laser cleaning mechanism. It is observed that there are
differences between the microstructure on the top of columnar bracket base refurbished by picosecond lasers with
different wavelengths. It is suggested that localized surface polaritons (LSPs) induced by the original point defects on
bracket base surface under the irradiation of 532 nm picosecond laser enhance the energy distribution of laser input,
which results in the formation of micro-pit structures on the bracket surface beneficial for the rebonding.
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Fig. 1 3D confocal laser scanning morphology of

Mini Sprint stainless bracket base
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Fig. 2 SEM images Mini Sprint stainless brackets after laser cleaning by different lasers. (a) 532 nm picosecond laser

(average power; 20 W, repetition rate; 1 MHz, irradiation time; 6 s); (b) 1064 nm ps laser (average power; 20 W,

repetition rate: 1 MHz. irradiation time: 6 s); (c) 248 nm excimer laser (flunence: 1.7 J/cm®, repetition rate:

2 Hz, pulse number: 200)
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Table 1 Parameters utilized for laser cleaning process

Type of laser

Picosecond laser

Excimer laser

Wavelength 1064 nm
Repetition rate 1~10 MHz
Pulse width 10 ps
Irradiation time 6 s
Pulse number N/A
Fluence N/A
Average power 19~21 W

532 nm 248 nm
1~10 MHz 1~5 Hz
10 ps 20 ns
6 s N/A
N/A 100~200
N/A 1.3~1.7 J/em?®
19~21 W N/A
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Fig. 3 Transformation of resin adhesive after laser irradiation cleaning process. (average power: 20 W, repetition

rate; 1 MHz, irradiation time: 6 s). (a) Before cleaning; (b) after cleaning
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Fig. 4 Topography on top of columnar structures screened by SEM. (a) New bracket; (b) after laser cleaning with

1064 nm ps laser (average power: 20 W, repetition rate: 1 MHz, irradiation time: 6 s); (c) after laser cleaning

with 532 nm ps laser (average power: 20 W, repetition rate; 1 MHz, irradiation time: 6 s)
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Fig. 6 Intensity distribution of electric field simulated by finite-difference time-domain under different laser

wavelengths versus different size of point defects
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