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AISI 316L is one kind of implant materials due to its excellent mechanical properties and corrosion resistance. How-
ever, some of their mechanical and surface properties must be improved to a higher level of cobalt-based alloys and
titanium properties. Shot peening is a surface treatment that improves properties on material surface. In this re-
search, the effects of shot peening duration (0, 2, 4, 10, 20 and 30 min) on surface hardness, roughness, wettability,
and corrosion in 0,9 % sodium chloride were investigated and discussed. According to the experimental results, it
was found that shot peening increases both surface roughness and surface hardness compared to untreated sam-
ple. Furthermore, shot peening can reduce contact angle and corrosion rate after 2 minutes.
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INTRODUCTION

The most popular and commonly used materials as
orthopedic implant are titanium and stainless steel.
They have some advantage characteristics, for example,
high strength, good ductility, good biocompatibility[1],
and good corrosion resistance.

On the other hand, implant materials, which are
mainly used to connect human bone, should not release
their ions that are toxic and cryogenic to the body [2].
AISI 316L is one of the most extensive materials used
for engineering, biomedical, and chemical industries. It
has good corrosion and oxidation resistance [3] due to
its high content of nickel and chromium [4-5].

In general, AISI 316L is utilized to produce artificial
joints, bone plates, stent and prosthesis due to favorable
combination of mechanical properties, resistance corro-
sion and relatively low cost compared to the other me-
tallic biomaterials[6]. However, after its implantation in
human bodies, some failures which can lead to the in-
flammation reaction are feasible [7]. Corrosion is one of
natural phenomenon which is plausible for metals or al-
loy as implant materials in the human body[8]. Because
of high concentration of CI- and the temperature range
of 36,7 — 37,2 °C, the fluid in human body is considered
as corrosive environment [7].

One of the available treatments for implant material is
shooting the steel ball with air pressure at the material, a
process called peening [9]. Shot peening is one of com-
monly used a mechanical surface treatment method in the
automotive and aerospace industries[10]. The shot peen-
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ing treatment produces a rough surface, increased surface
hardness, and a developed profile of residual stress [8].
Rough surface and wettability are significant for implant
materials, especially in bio-adhesion. A rough and hydro-
philic surface can cause adsorption of protein which initi-
ates the bone development in human bone [3]. Liu et al.
concluded that after shot peening treatment, the surface
roughness of Ti-6Al-V increases as time duration of
treatment increases [11]. Ahmed et al. reported that the
advantages of shot peening are not only to improve sur-
face hardness and roughness, but also to reduce the con-
tact angle of wettability. Thus, shot peening can also im-
prove the corrosion resistance [12].

The main objective of this research is to investigate
the effects of shot peening duration on the surface hard-
ness, the surface roughness, the wettability and the cor-
rosion resistance of AISI 316L.

EXPERIMENTAL PROCEDURE

The commercial plate AISI 316L was a manufac-
tured corrosion tested specimen with a 14 mm diameter
and 3 mm thickness. The other tests are done with a
specimen which has 20 mm length and 3mm thickness.
All specimens are grinded by #320 till #2 000 SiC paper
and polished with metal polish. After the specimens
were grinded and polished, then the specimens were
submerged in alcohol approximately 10 minutes before
shot peening treatment.

The shot peening process was done on the AlSI
316L steel plate using steel ball with average size of 0,6
mm (with code S230) with hardness number 40 - 45
HRC. The distance between nozzle and specimen sur-
face was 100 mm. The compressor pressure for shot
steel ball was 8 bar. The variable duration of shot peen-
ing treatment was done in 0, 2, 4, 10, 20 and 30 minutes.
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The chemical composition test was performed using
Metalscan analyzer 2500 series a metal analyzer tool.
The surface roughness test was performed on the sur-
face of specimen by contact stylus profilometer (Surf-
corm 120A, Advanced metrology system, UK). The
vickers microhardness test was performed on the sur-
face of specimen by using a behler model with a 100grf
in 15s time loading, according ASTM E384.

The surface wettability equipment test was recorded
using camera a high-resolution camera for measuring
droplet contact angle between liquid and surface sam-
ple. The liquid droplet for wettability test is distilled
water. The contact angle can be measured using Snake-
based method by plug-in software image J.

The corrosion test was held using a direct current
method with electrochemical system Amatek Versastat 4.
This type of electrolyte corrosion process is a simulation
of the human body 0,9% sodium chloride OTSU-NS.
The chemical composition of OTSU-NS is NaCl 4.5 gr,
Osmolaritas 308 mOsm/l, Na* 154 mEg/I, CI- 154 mEq/I,
and sterile aquades 500ml. All of the potentials were
measured with a reference electrode (Ag/AgCI[KCI]),
and a carbon rod was used as an auxiliary electrode.

RESULT AND DISCUSSSION

Table 1 Chemical composition wt./ %
C Mn Cr Ni Mo Fe

AlSI 316L 0,03 1,08 16,78 10,87 1,89 Bal.
ASTM A276 | 0,03 2,00 |16,0-18,0|10,0-14,0 |2,0-3,0| Bal.

The result of the composition test for AISI 316L is
shown in Table 1. The test results were then compared
with standard ASTM A276 [13]. According to the table,
the specimen composition is still in range of standard
composition of ASTM A276.

The surface roughness test was done on with and
without shot peening treatment specimens. Figure 1
shows the surface roughness parameter Ra (hollow cir-
cle mark), Rmax (solid circle mark) and Rz (solid trian-
gle mark) of the variety duration shot peening samples.
All parameters decrease as the duration of shot peening
increases. The specimen that underwent 2 minutes of
shot peening has the highest surface roughness param-
eter. Figure 1 the increase of parameter surface rough-
ness in our study shares a similar results with results of
surface roughness from other research by azar et al [8].
The increasing surface roughness parameter due to the
surface of specimen being plastic is deformed by im-
pact steel ball [2]. The shorter duration of shot peening
affects heterogeneity on the surface layer [8].

Figure 2 shows that as the duration of the shot peen-
ing process increases, the surface hardness increases. The
highest surface hardness occurs when the duration of
shot peening is 30 minutes with 517 HV. It is because the
high dislocation density is built in sublayer the material
during shot peening [6]. Moreover, induced residual
stress can increase surface hardness [14]. Dislocation
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Figure 1 Surface roughness vs duration
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Figure 2 Surface hardness vs duration

density and residual stress affect the grain refinement be-
come smoother. The grain refinement in the surface layer
has the highest hardness than in the sub layer.

Figure 3 and 4 show the effect of duration shot peen-
ing with initial contact angle (by using distilled water).
The surface wettability was enhanced by shot peening
treatment as the contact angle decreases in all treated
samples. The average contact angles of initial samples
are 82,55 ° indicating less hydrophilic property due to
very smooth specimen surface after it is polished. After
initial samples, the contact angle of wettability was de-
creased from 82,55 ° until 63,47 °. The increased dura-
tion of shot peening caused an increase in the contact
angle droplet from 63,47 ° until 75,15 °. It is due to the
effect of surface roughness shot peening result [3,12].
Surface characteristic, surface chemistry, and surface
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Figure 3 Effect of shot peening on wettability
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Figure 5 Potentiodynamic curves for different duration of
shot peening

topography can affect the characteristic of surface wet-
tability.

The characteristic of substrate surface (e.g. rough-
ness, porous, coating, absorbed layer, etc.) cause spread-
ing of droplet and wetting behavior of surface samples
[3]. The spreading droplet reduce the contact angle sur-
face. Generally, coarse surface roughness will be hydro-
philic, and fine surface will be hydrophobic.

Figure 5 shows the potentiodynamic polarization
initial of samples and duration of shot peening. The re-
sult of corrosion current density (i_ ), corrosion poten-
tial (E_,), and corrosion rate each specimen from po-
tentiodynamic polarization curves is shown in Table 2.
Shot peening treatment cause increasing corrosion po-
tential (E_,) compared with the initial sample (non-
treatment). The longer duration shot peening, the higher
potential corrosion (E_ ) becomes. It will make sample
with longer duration that becomes more catodic. This
condition will be more electrochemically protected
compared to non-treatment specimen. In this state, a
higher potential corrosion specimen will form a passive
layer in the surface [8]. The higher potential will have a
better protection against corrosion. This investigation
can be proven by a decrease in corrosion current density
(i.,.). Thus, shot peening treatment affect to corrosion
current density (i) as well [2, 5, 8].

The comparison between higher surface roughness
and heterogeneous of a surface specimen with lower re-
sidual compressive stress level would make ineffective
passive layer. This condition makes pitting corrosion
easy to attack surface samples. Figure 6. report ratio re-
duction of corrosion rate with initial sample (not treat-
ment). After 2 minutes, ratio of corrosion rate decreases
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Table2 E__i __and corrosion rate

corr corr

Specimen Raw Sp2 Sp4 Sp10 | Sp20 | Sp30
i / WA/CM? 2,86 3,0 2,7 2,49 2,13 1,65

E_/mV -333 -258 -238 -234 -221 -218
CR/ mpy 1,29 1,4 1,2 1,13 0,97 0,75

10 15 20 25 30
Shot peening duration / minute

Figure 6 Corrosion rate ratio vs duration

as the increasing of shot peening duration. The increas-
ing shot peening duration built grain refinement [11],
that caused plastic deformation in surface layer. This
condition allows with stronger passive layer can de-
crease corrosion rate [8].

According to Table 2, a specimen with 2 minutes
shot peening duration has increased corrosion current
density and corrosion rate. This behavior may be caused
by surface roughness, the surface heterogeneous and
lower stress level lower after shot peening process [8].
The combination of higher surface roughness and het-
erogeneous of surface the specimen with a lower resid-
ual compressive stress level would make ineffective
passive layer. This condition makes pitting corrosion
easy to attack surface samples. Figure 6 reports the ratio
of corrosion rate reduction with initial sample. After 2
minutes, ratio of corrosion rate decreases as the increas-
ing of shot peening duration. The increased shot peen-
ing duration built grain refinement [11] that caused
plastic deformation in surface layer. This condition al-
lows with stronger passive layer in surface can decreas-
es corrosion rate [8].

CONCLUSIONS

The research conclude that shot peening significant-
ly increases hardness. The surface roughness first high-
ly increases and then decreases with increasing of shot
peening duration. Furthermore, shot peening reduce
contact angle as hydrophilic and reduce corrosion rate
after 2 minutes. Duration at 2 minutes has the highest of
surface roughness with lower surface residual compres-
sive stress which would make ineffective passive layer.
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