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Interactions Between Fibroblast Cells and Laser Beam Welded AISI 2205 Duplex
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Because of their high mechanical strength, excellent corrosion resistance and good weldability, duplex stainless steels are
mostly used in industries such as oil, chemistry, petrochemistry, food and occasionally used in medical industry. These
properties have enabled us to use duplex stainless steels in biomedical applications recently. Accordingly, duplex stainless
steel material can be highly important to examine the toxic effect on the cells. In this study, the effect of the AISI 2205
duplex stainless steels which are joined by CO: laser beam welding on viability of L929 fibroblast cells has been studied
in vitro for the first time. For this aim, the cells were kept in DMEM/F-12 (Thermofisher Scientific 31331-028) medium
for 7 days. The viability study was experimentally studied using the MTT (Thiazolyl Blue Tetrazolium Bromide) method
for 7 days. The cell viability of the laser beam welded sample has been detected to be higher than that of the base metal
and the control based on 7th day data. According to the obtained results, it was revealed that laser beam welded and base
metal AISI 2205 duplex stainless steel has been found suitable to study for biomedical applications.
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1. INTRODUCTION speed, narrow weld zone, deep penetration, low distortion,
. . high mechanical strength [8 —16].
Duplex stainless steels (DSSs) consist of a two phase AIS| 316L austenitic stainless steel is known as the

microstructure involving ferrite and austenite. DSS as st commonly used orthopaedic and orthodontic bracket
suitable alternatives to conventional austenitic stainless | aterial because of its favourable mechanical properties
steels. Duplex stainless steel shows such excellent  anq relatively good corrosion resistance in various agueous
mecham(.:al.propertles and corrosion reswstgnce due to t_he environments [17]. However, it is regularly challenged by
fact that its internal structure consists of ferrite and austenite 0 aggressive environment in the human body, as it is
phases at equal rates [1-3]. The duplex microstructure  pighiy susceptible to localized corrosion in environments
enables the steel to become especially highly resistant 0 coptaining chioride [17, 18]. Therefore, austenitic stainless
stress corrosion cracking as well as intergranular and pitting  teels are currently often replaced with duplex stainless
corrosion. AISI 2205 stainless steel, with 22 % chromium,  teals such as AISI 2205 duplex stainless steel. Recent
5-6 % nickel, and 3 % molybdenum, is a nitrogen-alloyed  gtdjes have shown that because of high mechanical
duplex stainless steel with excellent corrosion resistance and strength and excellent corrosion resistance properties of
mechanical properties. Due to its superior corrosion  gplex stainless steels, these materials can be an alternative
resistance, this type of steel is used in steam boilers, {4 hiomaterials AISI 316L, titanium and its alloys [19 - 21].
chemical tanks and heat exchanger pipes as well as in a wide There are many studies on the laser beam welding
range of areas in the chemical and petroleum chemical  rocess of AISI 2205 duplex stainless steel [16, 17, 22— 24].
industry and less in the medical industry [4—6]. Weldability | 929 fibroblast cells are an internationally accepted cell line
of duplex stainless steel is very good and it can be joined by gerjved from mice and immortalized and routinely used in
many fusion welding techniques, such as submerged arc  pjiocompatibility and cytotoxic evaluations [25]. However,
welding (SAW), shielded metal arc welding (SMAW) and  tnere js no study regarding investigation of in vitro relation
tungsten inert gas welding (TIG) and laser beam welding  petyyeen laser beam welded AISI 2205 duplex stainless steel
[71. COz_ laser bea”.‘ welding method compare with the other ;4 fibroblast cells in the literature. Welded implants” and
Conventlor_lal Weld_lng methods fr_om many asp_ects SUCh_ 8 prosthesis’ biological properties such as biocompatibility
low heat input, high concentration energy, high welding 3,4 cell toxicity should be examined under in vitro

conditions prior to its clinical application. The effects of the
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AISI 2205 duplex stainless steels which are joined by CO;
laser beam welding method on the fibroblast cells has been
studied in vitro for the first time with this study.

2. EXPERIMENTAL PROCEDURE

2.1. Material, welding process, surface analysis and
the preparation of test specimen

In this study, AISI 2205 duplex stainless steel, of which
the chemical composition (wt.%) that is achieved with
spectral analysis method is provided in Table 1, has been
used.

Table 1. The chemical composition of AISI 2205 stainless steel,

wt.%

C Si Mn P S
0.028 0.333 1.814 0.011 0.0072
Cr Mo Ni Al Co
22.88 3.105 5.450 0.019 0.119
Cu Nb Ti \Y/ w
0.224 0.036 0.0089 0.116 0.050
Pb Sn Zn N Fe
0.0038 0.012 0.034 0.058 65.68

AISI 2205 duplex stainless steel plates were joined in
butt position without any need to filler metal by being
attached to a pre-prepared fixture mold and in flat position
by means of a 4 kW Trumpf Lasercell 1005 CO; laser beam
welding machine with 4000 W laser power, 270 cm/min
travel speed, 200 mm focal length, gas flow rate of 10 liters
per minute, 50 % Ar+50% He shielding gas and
0.088 kJ/mm heat input. Samples have been polished by
200-1200 grit emery paper after being cut in sizes of
3 x5 x 20 mm and perpendicular to the welding direction
so that the welding seam is left in the middle. The process
of electrolytic etching was applied using a solution of 10g
oxalic acid +100 ml pure H20. Microstructure
examinations were carried out by using optical microscope
(OLYMPUS) at magnifications between 5 x—100 x, JEOL
JSM 6060 LV brand SEM and EDS. XRD analysis was
performed using RIGAKU DMAX-2200/PC at a voltage
rating of 40 kV voltage rating and 40 mA current with a scan
rate of 2 °/min. by employing Cu Ko radiation. Ferrite
content measurement was carried out using OLYMPUS
optical microscope equipped with Clemex Image Analysis
program. The surface roughness analysis was performed via
a BRUKER AFM Q-SCOPE 250/400 brand device at a
scanning size of 40 um and a scan rate of 0.5 Hz in tapping
mode.

2.2. Toxicology studies methods, MTT (Thiazolyl
Blue Tetrazolium Bromide)

The Thiazolyl Blue Tetrazolium Bromide (MTT) assay
is a colorimetric assay for measures the metabolic activity
levels of cell mitochondria. It can also be used to measure
cytotoxicity or potential of proliferation medicinal agents
and toxic materials [26]. Active metabolism of the viable
cells seem a purple colored formazan crystals. The
crystallization and cell viability is directly proportionate to
each other, therefore as much crystallization there is means
how much the cells are viable.
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2.3. Cell culture studies

Cytotoxicity is metabolic activities for cellular function
differentiations, which are mainly related to changes in
intracellular processes such as apoptosis, cell viability or
biocompatibilities [27]. In vitro cell-based assays have been
improved to rapidly determine the cytotoxic activity of
several compounds or materials [28]. The L929 cells tubes
were removed from cryobank (—196 °C Nitrogen tank) at
37°C in water in the beaker. 4 ml of 10 % FBS, DMEM/F-
12 medium were added onto cells. Then centrifuged for
5 minutes at 1000 rpm. After centrifugation, supernatant
was removed, pellets were suspended. To determine cell
viability by thoma slide, 20 mL of cell suspension was
mixed with 20 mL of Trypan Blue and the cells were
counted. These cells are routinely transferred into a small
flask. The samples were sterilized under 170 °C for
90 minutes in a pasteur oven.

Then DMEM/F-12 (Thermofisher Scientific 31331-
028) medium was added on them and samples were left for
incubation. The materials were incubated at 37 °C for
7 days. After this, a sample medium has was taken out of the
tubes. The samples were named as supernatants after the
interaction with the materials. Approximately 10000 cells
per well were seeded 96-well plates, each sample were
repeated approximately 8 times for the statistic analysis, and
100 mL of DMEMF/12 were added on the cells. As a result
of fully covering period of cells on the wells , the medium
was removed, and the cells were exposed to the culture
medium containing supernatants of the base metal and laser
welded metal for additional 24 hours. To be able to make a
comparison, a control group was formed by putting
mediums that did not have any supernatants.

Following the incubation, the MTT protocol has been
applied to determine the cell viability. 10 ml of MTT
solution (10 mg/ml) was prepared and, put in each well after
being filtered with 0.45 pl filters and incubated for 4 hours
at 37 °C and then the crystallization was observed under the
microscope. 100 pl of Dimethyl sulfoxide (DMSO SIGMA
D2438) were added to each well for the dissolution of the
formazan crystals formed on the cells and the absorbance
was measured in 570 nm by a ELISA spectrophotometer
reader and the results were obtained. At the end of MTT
method, crystallization was observed microscopically in the
cells.

2.4. Statistical analysis

In multiple comparisons, the Tukey test has been
applied as a post-hoc test for the ANOVA one-way analysis
of variance on the GraphPad statistics software. In the
assessment of the results, the significance levels of
p <0.001, p <0.01 and p < 0.05 have been used as a basis.

3. RESULTS AND DISCUSSION
3.1. Macro- and microstructural examinations

The macro and microstructure examination of the base
metal, the heat affected zone (HAZ) and the weld metal of
the AISI 2205 duplex stainless steel joined by CO, laser
beam welding used in the study and the results are shown in
Fig. 1.
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Fig. 1. a—microstructure image of HAZ; b —weld metal; c— SEM image of HAZ; d —macrostructure of laser welded sample

As can be seen in Figure 1b, the weld metal structure of
AISI 2205 stainless steel as it was provided consists of
ferrite phase (70 %) and austenite phase (30 %) and it has
almost fully ferritic structure with some precipitation of
austenite decorate to the grain boundaries. The light colored
grains in the structure indicate the austenite phase while the
dark colored ones indicate the ferrite phase. As it is known,
the high tensile strength and stress corrosion resistance of
duplex stainless steel results from the delta ferrite phase in

e

its structure while its toughness and general corrosion
resistance results from the austenite phase in its structure
[16]. The micrographic examination shows that the
extension of the heat affected zone is negligible (Fig. 1 a, c,
and d). Formation of a very narrow heat affected zone is an
expected result since low heat input, which is a

characteristic of laser beam welding, causes fast cooling
[16].

EDS analysis (wt.%) Cr Ni Mo Fe

Point number + 1 base metal 23.40 4.44 3.14 64.59
Point number +2 HAZ 24.65 4.82 2.38 66.17
Point number + 3 weld metal 21.36 5.35 3.23 63.10
Elemental mapping analysis of the weld metal 23.28 5.17 3.61 64.78

Fig. 2. a—EDS point elemental analysis; b —elemental mapping analysis results from the laser welded joint
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EDS analysis of the base metal, HAZ and the weld
metal and elemental mapping analysis in the weld metal of
the laser welded joint was made and the results can be seen
in Fig. 2. When the results of the EDS and elemental
mapping analysis that are demonstrated in Fig.2 are
compared to the spectral analysis results (Table 1), non-
occurence of significant element loss was idendified with
analyses carried out from welded sample.

Base metal and laser welded sample have been
examined through the XRD method, and the results are
demonstrated in Fig. 3. When the XRD pattern is examined,
we can see that there are peaks, which indicate the presence
of austenite and ferrite phases. However, no peaks that
expressed the formation of second phase precipitations in
HAZ and weld metal were detected in the XRD pattern.
When there is not enough time due to fast cooling, which
results from low heat input and high energy density, carbide
formations cannot be expected to occur [16].
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Fig. 3. XRD analysis from weld zone and base metal

3.2. Surface analysis of base metal and welding
seam

Surface roughness is an important parameter for most
applications [12]. Characterization of material surface
roughness enables us to idendify which application areas are
suitable for that material [12]. SEM images of base metal
and welding seam surface after polishing with sandpaper are
shown in Fig. 4.

Average surface roughness (Ra) values were determined
with AFM analysis performed on base metal surface and
welding seam surface and and the obtained surface
topography images are shown in Fig. 5. Ra value measured
on base metal surface was found to be 21.1 nm, R, value
measured on welding seam surface was found to be
23.5nm. Even though surfaces of base metal and laser
welded sample were prepared in the same conditions,
surface roughness on welding seam surface of laser welded
sample showed a small increase. Reasons for increase in
roughness value are effect of heat input transmitted to weld
zone to welding seam surface texture, thickness of thin
chromium-oxide layer surrounding surface and physical
properties of chromium-oxide layer [12]. It can be expected
that difference in surface roughness values of base metal and
welding seam surface has an effect on cell viability.
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Fig. 4. SEM image of the samples before AFM characterization:
a—base metal surface; b —welding seam surface of the laser
welded sample
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surface



3.3. Cell studies

The effect of CO; laser beam welding method applied
to AISI 2205 duplex stainless steel on the viability of the
fibroblast cells was studied by placing the base metal and
laser welded samples directly in the cell culture medium for
particular periods. MTT results are given in Fig. 6 and
Fig. 7.

7 days results
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Fig. 6. The results of the MTT which is applied as a result of L929

cell culture and the samples: C—Control, C—base metal,
Ck— laser welded sample

The base metal and the laser welded sample show better
cell viability effect when compared to the control group
(Fig. 6 and Fig. 7) As a result of the direct interaction of the
L929 cell culture and the control, base metal and laser
welded sample, while an increase in the cell proliferation of
base metal and the laser welded sample has been observed
in comparison with the control group (p <0.001).
Consequently, the interaction of the samples of supernatants
and 1929 cell culture’s viability were compared with the
control group of viability. It was an affect that increased the
cell proliferation with supernatant proceeding (p < 0.001).
On the other hand results have shown us that supernatants
from the laser welded sample affected cell viability more
than the base metal by increasing cell proliferation. The
results were statistically analyzed and found significant.

When the results regarding the 2205 duplex stainless
steel base metal and laser welded sample are studied, after
the 7 days, the effect of the supernatant samples obtained
from the mediums in which the samples were kept on the
cell viability was higher for laser welded sample when
compared with the base metal. In laser welding, weld metal
has finer grains and therefore, larger grain boundary due to
high solidification rate. The grain boundaries have higher
energy than inside the grains [14, 29]. Therefore, this
excessive energy in grain boundary combined with high
ferrite phase content (70 %) and austenite phase (30 %) and
it has almost fully ferritic structure with some precipitation
of austenite decorate to the grain boundaries. Weld metal is
considered for the reason of the denser cells at the beginning
of the MTT process. However, the grain boundaries are
more chemically reactive than the grains themselves as a
consequence of this grain boundary energy [14, 29] and the
rapid ion exchange along the grain boundaries can be
responsible for less dense cells in laser welded sample
compared with base metal at the end of the long period MTT
process. There are some studies indicating that surface
roughness and surface chemistry are directly associated with
cell adhesion, growth and proliferation [30]. As mentioned
in previous sections of text, surface roughness value on
welding seam was found to be higher than base metal. For
this reason, high surface roughness is thought to increase
cell viability.

4. CONCLUSIONS

According to the results acquired, the interaction of the
CO; laser beam welded AISI 2205 duplex stainless steel
sample and base metal with the L929 fibroblast cells which
were connective tissue elements were studied under in vitro
conditions.

The findings obtained can be summarized as follows:
1. The low heat input and high cooling rate of laser beam

welding method had an effect on the microstructure and

morphology of the weld metal. In addition, ferrite-
austenite equilibrium of the weld metal and the HAZ
differed from that of the base metal as to be in favor of

ferrite phase (70 %), also, the low heat input caused a

very narrow HAZ.

Fig. 7. Formazan crystal formation after 7 days MTT (10 x): a—L929 control has been incubated only with the DMEMF12 culture
medium. The control cells and the density of the formazan crystals which indicate the viability are scarcer than the cells shown in
figures b and c. The post MTT image of the L929 cell culture which has been incubated with the supernatant taken from the
medium in which the base metal was kept for 7 days. Density of the cells and formazan crystals has been observed to be higher

than the control



No secondary phases were detected in the HAZ and
weld metal. In this context, the weld zone could not be
assessed for its potential performance on the effect on
the viability of the cells apart from secondary phase
precipitations.

When the data taken after the 7 days were evaluated,
the effect of the laser welded sample on the cell
viability was greater than that of the base metal sample.
When base metal C and laser welded Ck sample were
compared with control group, C sample had a cell
viability increase ratio of 234.7 % while Ck sample had
a cell viability ratio of 276.8. It is thought that higher
grain boundary energy, the presence of high delta ferrite
phase content (70 %) in weld metal and higher surface
energy of weld zone due to weld thermal cycle can be
reason of denser cells at the beginning of the process.
Cell viability might have been affected by the weld
thermal cycle and chromium oxide film characteristics
on the weld seam surface. Also, in our opinion, trace
elements released by the material into the medium have
an effect on increasing cell viability thus resulting in
cell proliferation.

Surface roughness value on laser welding seam was
determined to be higher than base metal, reason for
increase in roughness value is effect of heat input
transmitted to weld zone to welding seam surface
texture. Because of surface roughness value on welding
seam is higher than base metal, cell attachment and
proliferation can be said to occur more in laser welded
sample than base metal
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