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INTRODUCTION

EXPERIMENTAL

/

modification techniques include:

- easier control over depth of processing [3]

resulting surface microstructures

o

J The main material groups dominating in biomedical implants are:
316L stainless steel, cobalt-chrome-molybdenum alloys, pure titanium and titanium alloys
d Mainly due to their strength, wear and corrosion resistance, biocompatibility and cost
d Wear debris is an ongoing concern in relation to life of total joint replacements [1,2]
d Laser surface modification is currently being studied; advantages over other surface

- superior bonding - reduced distortion

[ Scanning high power density lasers on a workpiece can cause the heated surface to melt, while
varying the exposure time dictates heating and cooling regimes subsequently controlling the

[ Theoretically, laser treatment of 316L steel can produce an amorphous surface layer if heating Sample
and quenching rates are controlled according to the materials specification

J Advantages of an amorphous layer include improved hardness, wear and corrosion resistance
mainly due to elimination of crystalline anisotropy and inter-crystalline defects [4,5].

/Sample Preparation

laser irradiation direction

- simple oxidation elimination techniques e

Laser head
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/ \ Figure 1: Image of the laser processing. /

 Cylindrical AISI 316L austenitic stainless steel, ~120mm long and 10mm in diameter
1 Argon gas at 1 bar pressure shielded the melt pool thus avoiding oxidation
1 The workpiece was rotated with a DC motor fixed to a table moving perpendicular to the

1 The laser beam was kept perpendicular to the workpiece during laser irradiation to
maximise the absorbance and ensure uniform conditions for processing [6]
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KFigure 2: Schematic of the laser processing set-upj

Varied ] Samples were polished and etched using glyceregia to reveal the grain boundaries

parameters

( Microstructure analysis was carried out using a scanning electron microscope (SEM)
1 Surface mean value roughness (Ra) measurements were performed using a stylus
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Max Peak Power 1.5kW Tangential Speed 270mm/s Duty Cycle 15 -50% orofilometer according to 1SO 4287,/4288.

Wavelength 10.6um  Linear Speed A6mm/s Peak Power 500 -1500W L Surface temperature predictions were made using [7,8]:
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RESULTS

/IVIICROSTRUCTURE AND TEMPERATURE DISTRIBUTION ANALYSIS

 Figure 3 illustrates the surface melting induced by the laser treatment at increasing energy
fluence. The surface temperature directly under the surface was estimated, using Equation 1, to
be approximately 1190, 2001 and 3111K for figures 3 and 4(a)(b)(c) respectively.

MELT POOL SIZE AND ROUGHNESS ANALYSIS

for all irradiance values.

[ Figure 5 highlights the effects of residence time on the depth of processing at varying
irradiance values. Augmentation in melt pool depth is fairly linear with increasing residence time

temperature gradient and different cooling rates forged a boundary creating overlaps visible in
figure 3(b). Centrifugal force due to sample rotation was also a significant contributing factor to
the overlapping features observed on the microstructural images.

 Figures 3(c) and 4(c) depict the surface and cross-section microstructure at an energy fluence
approximately 4 times larger than (a) with surface temperature approximately 3111K. An
increased depth of processing is observed, while other region highlights ablation due to
\\increased irradiance values. Grain size and orientation is significantly altered.

1 Surface roughness is related to the irradiance and residence time. Figure 7(a) shows an
Increase occurring with elevation of both parameters. A strong correlation is also visible between
roughness and energy fluence used in the experiment regardless to the exposure time; see Figure
7(b). The first three points on the graph represent regions not melting due to low energy fluence.
[ Figure 8 highlights the parameters used for this study. To obtain a significant change in surface
tribological properties the interaction time has to be reduced while increasing the power density./

[ Figure 3(a) show laser marking features with localized melting effects and the corresponding /100 )
figure 4(a) highlights a low depth of processing. No grain structure changes are visible in figure 4 Z‘; 4
. 0 0 . . . ) (
(a) with only heat affected zones visible without any valid evidence of melting of the surface. ER e
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~ 1 The morphology exhibited in 6(a) showed increased melted phase with high melt pool depth
due to a higher residence time. Despite the energy fluence being similar lower residence time
N produced less surface melting and hence a smoother surface morphology. This is evident from the
roughness results shown in figure 7 .
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At ~2000K, figures 3(b) and 4(b) illustrate homogenised melting with increased depth of T e 2 0 s0 ot 100 2000 2500 T T B
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processing and overlapping becoming visible. | o Figure 8: Regimes of irradiance
3 The overlapping effect represent melt pools wider than the original spot size resulting in Figure 7: Relationship between average surface roughness and (a) and interaction time for various
subsequent laser pulse directly irradiating the previous melt pool or heated region. The Irradiance at varying residence times (b) Energy fluence y \_laser processing methods [5] /

CONCLUSIONS
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