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Abstract: The ion nitriding behavior of AISI 316L austenite stainless steel was investigated at different
nitriding times (2 h, 4 h, and 9 h) and temperatures (450 ◦C, 500 ◦C, and 550 ◦C). The structural
characterization has been assessed by several considerations which can be listed: (i) the evaluation of
phase distribution through Rietveld analysis of X-ray diffraction patterns and accompanying peak
fitting process, (ii) hardness profile and related nitride layer thickness by microhardness and micro-
scopic measurements, and (iii) displacement measurements to assess the residual stress accumulation.
The diffusion of nitrogen atomic species into the sample surface caused a transformation of the γ
phase matrix into an expanded austenite (γN) phase, which is recognized with its high hardness
and wear resistance. Furthermore, depending on the nitriding condition, chromium nitride (Cr1-2N)
and iron nitride (ε-Fe2-3N and γ′-Fe4N) phases were detected, which can be detrimental to the
corrosion resistance of the 316L austenite stainless steel. The γN phase was observed in all nitriding
conditions, resulting in a significant increase in the surface hardness. However, decomposition
of the γN phase with an increase in nitriding temperature eventually altered the surface hardness
distribution in the nitriding layer. Considering the phase-type and distribution with the consequent
hardness characteristics in the nitride layer, to our best knowledge, this is the first report in which an
ion-nitriding temperature of 500 ◦C (higher than 450 ◦C) and time of 9 h can be proposed as ideal
processing parameters leading to optimal phase composition and hardness distribution for 316L
austenite stainless steels particularly for the applications requiring a combination of both wear and
corrosion resistance.

Keywords: 316L stainless steel; ion nitriding; phase composition; nitride layer; surface hardness

1. Introduction

Due to their excellent corrosion resistance, austenitic stainless steels are widely used in
many industrial applications [1]. However, their surfaces can suffer from wear damages if
they articulate on a counterpart surface, such as in dental implants, bone/joint replacements,
etc. [2]. Therefore, an increase in their surface hardness and corresponding wear resistance
without losing their corrosion resistance could significantly broaden their utilization in
several different applications [3].

The surface hardness and wear resistance of steels, in general, can be improved with
surface modifications, including coating processes, such as electrospraying and physical
vapor deposition, etc. [4,5], or diffusion processes, such as carburizing, nitriding, etc. [6].
Nitriding is a well-established thermochemical process to increase the surface hardness
of the steels, thus their wear and corrosion resistance. Among the nitriding processes, ion
nitriding is recognized as a cost-effective and fast nitrogen diffusion process even at lower
treatment temperatures and shorter times [7].

Additionally, if austenitic stainless steels, such as AISI 316L, are treated at the temper-
atures used in conventional nitriding treatments of steels (typically about 550 ◦C), they can
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suffer a significant decrease in their corrosion resistance due to the formation of chromium
nitride precipitation with the expense of chromium in their solid solution, which would
otherwise be used in the construction the protective film on their surfaces [8]. Therefore,
their nitriding treatments are carried out at temperatures lower than 500 ◦C [9].

Upon ion nitriding process, a metastable phase consisting of supersaturated nitrogen
atoms in the fcc austenite (γ) matrix can form in the nitride layer [10,11] in biomedical
grade AISI 316L austenite stainless steel. This metastable phase, called expanded γ [8] or
γN phase [12], can improve the surface hardness four to five times over γmatrix associated
with an enhancement of the wear resistance in several orders of magnitude [6].

The characterization of the γN phase revealed that it can contain a high amount of
nitrogen species (4 wt% to 14 wt% of N) in the form of solid solution before promoting
precipitation of any other compound/s, such as Cr1-2N [13]. The characteristic peaks of
the γN phase in the XRD pattern were expressed as shifted peaks of the γ matrix due to
the expansion of γ lattice and the corresponding generation of the compressive stresses
caused by the concentration gradient of diffusing nitrogen. Accordingly, the increase
in surface hardness is due to the solute solution hardening mechanisms caused by this
supersaturation of nitrogen species in the γN phase and the corresponding generation of
compressive stresses in the nitriding layer [14].

In general, the overall structure of a nitriding layer can be separated into two overlying
layers: (i) an underlying diffusion layer, and (ii) an outermost thin compound layer. Phase
decompositions and formations of new phases occur in the diffusion layer. On the other
hand, the formation of very hard and brittle ε and γ′ phases occurs in the compound layer.

It is proposed that the amount of the γN phase in the diffusion layer of AISI 316L
stainless steels can be enhanced with increasing nitriding temperature and time promoting
a richer and more homogenous distribution of nitrogen species and consequently increasing
the thickness of the diffusion layer [7–9,12]. However, there is a critical value for nitriding
temperature and time, and upon exceeding these critical values, a decomposition of the
γN phase into α-ferrite and CrN can occur [15], which can further increase the surface
hardness, while resulting in a detrimental loss in its corrosion resistance.

The compound layer, consisting of iron nitrides (ε-Fe2-3N, γ′-Fe4N), is quite hard and
brittle. The thickness of this compound layer depends on the nitriding parameters. For
instance, an increase in temperature can result in a decrease in the thickness of this layer
due to denitriding, thus decreasing the overall surface hardness [7].

The denitriding in the form of decomposition of the γN phase, and consequent pre-
cipitation of the CrN phase, can alter the surface characteristics of AISI 316L, leading to a
decrease in the surface hardness and consequent deterioration of the wear and corrosion
resistance. The vast majority of the studies in the literature on nitrided stainless steel
have focused, in general, only the formation of the γN phase emphasizing its increasing
effect on the hardness and corrosion resistance, and the formation of CrN emphasizing its
detrimental effect on wear and corrosion properties [6].

For this reason, a deeper understanding of the effect of process parameters on the
nitride layer characteristics is of great importance to evaluate the overall hardness and
indirectly the wear and corrosion properties of the AISI 316L austenite stainless steel. Thus,
the purpose of this study is to investigate the effect of ion nitriding temperature and time,
on its surface structural characteristics with the characterization of the existing phases,
nitriding layer thicknesses, and corresponding hardness and their distributions in the
nitride layer.

2. Materials and Methods

The AISI 316L austenite stainless steel samples used in this study were cut from cylin-
drical bars with a diameter of 8 mm and a thickness of 15 mm. The chemical composition
of the steel is shown in Table 1. The cylindrical AISI 316L samples were ground and
mechanically polished to a mirror surface to guarantee a regular and flat surface for the
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nitriding process. Additionally, the nitriding surfaces were cleaned by trichloroethylene
from any oil and dust before the nitriding treatment.

Table 1. Chemical composition of the AISI 316L austenite stainless steel in weight %.

C Si Mn P S Cr Mo Ni Cu

0.022 0.79 1.6 0.25 0.002 15.3 2.63 14.09 0.05

A custom-made DC plasma ion nitriding equipment was used to carry out nitriding
treatment. A high silica tube, 200 mm in diameter and 400 mm in height, was used as the
nitriding chamber [16]. The cathode was placed in the middle of the chamber. A 30 mm in
diameter stainless steel disc which was positioned to the middle of the chamber was used
as a cathode. The samples were placed onto this cathode plate. A disc-shaped metal plate
with 130 mm in diameter and 2.5 mm in thickness was used as an anode. A thermocouple
was connected to the sample through the cathode to monitor the treatment temperature.

The tube was first evacuated to 10 Torr with a single-stage rotary vacuum pump that
maintained vacuum pressure. The same vacuum pump was also used to maintain the
desired vacuum level throughout the nitriding processes.

Before the plasma nitriding, the samples were subjected to cleaning by hydrogen
sputtering for 30 min to remove surface oxides and other contaminates. Then, the plasma
nitriding was performed in a gas mixture of 80%N2–20%H2, with a total pressure of 1 kPa.
The nitriding temperatures were 450 ◦C, 500 ◦C, and 550 ◦C; the treatment times were 2 h,
4 h, and 9 h.

The phases of the nitrided layers were analyzed by X-ray Diffraction (XRD, Pan-
alytical X’pert, PW3040, Malvern Panalytical Ltd, Malvern City, UK). Cu-Kα radiation
(λ = 1.5406 nm) produced at 45 kV and 40 mA scanned the diffraction angles (2θ) between
35◦ and 55◦ at every 0.145◦ for 1 s. Diffraction signal intensity throughout the scan was
monitored and processed with X-Pert HighScore Plus software 3.0 (Malvern Panalytical
Ltd) performing Rietveld analysis; furthermore, the peak identification was conducted by
open-source peak fitting software (PeakFit 4.1.2).

The nitriding layer was observed from the cross-section of nitride samples by optical
microscopy (OM, Nikon, Eclipse LV150, Tokyo, Japan) and selective electron microscopy
(SEM, Cameca SX 100, CAMECA, Gennevilliers, France). Vickers microhardness (HV)
tests were performed on the cross-sections of the nitride samples using a Shimadzu Micro
Hardness Tester (HMV-G31S, Shimadzu, Kyoto, Japan). The indentation load was 100 g
and the indentation time was 10 s.

To evaluate the residual stress in the nitriding layer, micrometer measurements were
conducted on the nitriding surface before and after wire cutting. To be able to observe the
stress accumulation during nitriding, 3 steps of micrometer measurements from the center
of the nitride surface were carried out and the difference of the measured values after wire
cutting (stress-release) was discussed as residual-stress-induced displacement.

3. Results and Discussion
3.1. Phase Formation Characteristics

XRD patterns of the nitride layers on AISI 316L samples obtained at different nitriding
temperatures and times are given in Figure 1. γ, γN, γ′, α, ε, CrN, and/or Cr2N are the
major and minor phases detected in all patterns. The existence of the γN phase was detected
from the peaks formed by shifting the peaks of the matrix γ phase to a smaller diffraction
angle [6] due to the nitrogen penetration into its lattice structure. The presence of the γN
phase formed by the diffused nitrogen into the γ phase is crucial as it plays a critical role
to obtain a combination of high hardness and good corrosion properties [17]. Therefore,
the existence of metastable γN phase even after 2 h nitriding was evidence of a successful
surface modification in this study (Figure 1a).
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Figure 1. XRD pattern of the nitride layer on 316L samples at various temperatures for (a) 2 h, (b) 4 h,
and (c) 9 h.

The relative amounts of the phases detected in the nitride layer observed upon treat-
ment for (a) 2 h, (b) 4 h, and (c) 9 h at 450, 500, and 550 ◦C are given in Figure 2 based
on those given in Figure 1. The γ, γN, γ′, α, ε, CrN, and Cr2N phases were observed at
450 ◦C for 2 h in Figure 2a. As the temperature increased, the amount of the ε and γN
phases showed a continuous decrease, while those of the α and CrN phases showed an
increase. On the other hand, the amount of γ′ and γ phases remained almost constant. No
considerable amount of the Cr2N phase was detected.
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Figure 2. Relative densities of nitride layer phases of 316L samples nitride for (a) 2 h, (b) 4 h, and
(c) 9 h at 450 ◦C, 500 ◦C, and 550 ◦C.

Upon nitriding for 4 h at 450 ◦C (Figure 2b) the relative amount of γ phase showed a
decrease at 500 ◦C and slightly increased at 550 ◦C. The Cr2N phase became apparent at
450 ◦C. Then, its amount first showed an increase at 500 ◦C and then slightly decreased
at 550 ◦C. Likewise, the amount of the γN phase first showed an increase at 500 ◦C and
slightly decreased at 550 ◦C. Although those of α and γ’ phases were lower than others,
their amount showed a slight increase. The ε phase was not detected in these processing
conditions.

Upon nitriding for 9 h (Figure 2c), all phases became apparent in the respected XRD
patterns. Their relative amounts, interestingly, did not show a considerable change upon
processing at 450 ◦C and 500 ◦C. On the other hand, the amount of the γ and ε phases
showed a considerable decrease at 550 ◦C, while CrN and Cr2N phases showed a consid-
erable increase and became dominant phases. The amount of the γN, γ’, and α phases
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was relatively low compared to others and even they did not show a considerable change
compared to others. Nevertheless, it should be stated that the γN and γ’ phases slightly
decreased at 550 ◦C, while the α phase remained almost constant.

As a general trend, when the nitriding temperature was increased from 450 ◦C to
500 ◦C, the amount of peak shift was increased for all nitriding times, most probably as
a response to increasing nitrogen concentration. It has been reported that the nitrogen
interstitial concentration in the γN phase can reach 14 wt% [8]. However, when the nitriding
temperature was further increased to 550 ◦C, the related peaks started to shift back as an
indication of a decrease in the amount of the γN phase and an increase in that of the γ
phase, as clearly observed in Figure 2b. This event can be attributed to the denitriding of
the γN phase due to relatively high treatment temperature [14].

On the other hand, the decrease in the amount of the γN phase was not always
counterbalanced by an increase in the γ phase alone. For instance, there was also an
increase in the relative amounts of the CrN and the α phases. This event can also be
attributed to the denitriding of the γN phase [14]. During this denitriding process, the
γN phase can decompose and release chromium and nitrogen species, leading to the
precipitation of the CrN phase and the formation of the α phase (γN→ α + CrN), as shown
in Figure 2a. It should be emphasized that the CrN formation was favored due to the high
negative enthalpy and low Cr diffusivity (high diffusion activation energy) in the matrix
phase at temperatures higher than 450 ◦C [13,18].

Furthermore, although Cr2N was not observed upon treatment for 2 h, a significant
amount of the Cr2N phase became apparent at 4 h (Figures 1b and 2b) associated with the
appearance of the CrN phase. Therefore, it may be proposed that the denitriding of the γN
phase may also promote the formation of the Cr2N phases as such a mechanism that γN →
α + Cr2N. This may definitely cause a further decrease in corrosion resistance due to the
increasing consumption of Cr species.

Nevertheless, it can be deduced that upon nitriding for 9 h, the γN phase exhibited a
more stable behavior, assuming that the balance between nitrogen diffusion and denitriding
mechanisms was established.

Moreover, the decrease in the amount of the ε phase with increasing temperature
(Figure 2a,c), can also be attributed to the denitriding mechanism [19]. On the other hand,
the formation of the γ′ phase seems to be due to the transformation of the γN phase due
to the increasing concentration of nitrogen species. However, its relative amount did not
considerably change in different processing conditions.

In this regard, a typical evaluation of nitride layer structure on 316L stainless steel is
schematically proposed in Figure 3. It can be expected that the layer in which the γN phase
existed and its decomposition into the CrN, Cr2N, and α phases occurred is the diffusion
layer. On the other hand, the layer consisting of the ε and γ‘ phases can be considered as
the compound layer.

The high amount of the ε phase in the compound layer is expected to demonstrate a
hard and brittle layer at nitriding temperatures of 450 ◦C and 500 ◦C. The detection of ε
phase after 9 h nitriding indicated that the penetration depth of ε phase reached a value
wherein denitriding was insufficient to decompose ε phase at nitriding temperatures of
450 ◦C and 500 ◦C. However, a drastic decrease in ε phase and the consequent increase
in CrN and Cr2N precipitations can be correlated with the denitriding of ε phase and
decomposition of γN phase at 550 ◦C nitriding temperature.

Considering the variation of nitriding temperature and time, γ′ phase showed a stable
amount for each nitriding condition. Therefore, the fluctuation in hardness was expected
to be due to the variations in the amounts of γN, ε, and α phases associated with the CrN
and Cr2N precipitations.
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nitriding 316L stainless steel.

3.2. Measurements of Residual-Stress-Induced Displacements

To investigate the effect of the accumulated stress on the nitriding layer, displacement
measurements were conducted on 316L samples nitrided at 500 ◦C and 550 ◦C for 9 h and
after stress-release (wire cutting). The displacement results were presented in Figure 4
with corresponding highest and lowest measurements compared to untreated samples.
While untreated samples showed near-neutral displacement similar to treated samples, the
increasing tendency in the highest and lowest displacement of treated samples indicated
the accumulated residual stress which can be beneficial to improve surface hardness, wear,
and corrosion resistance [19].
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Figure 4. Residual-stress-induced displacement measurements for untreated and nitrided samples at
500 ◦C and 550 ◦C for 9 h.

The nitrogen penetration to the matrix γ phase forming expanded γN phase and inten-
sive phase transformations during the nitriding process are expected to cause compressive
residual stress in the nitriding layer. It has been reported that the expanded γN phase in the
nitride layer exhibited peak broadening due to the gradient of nitrogen and accumulated
residual stresses [19]. To this extent, 316L sample nitrided at 500 ◦C for 9 h was expected to
present high hardness with sufficient nitrogen diffusion which resulted from high residual-
stress-induced displacement, however, the samples nitride at 550 ◦C demonstrated no
accumulated stress owing to stress relaxation by high-temperature nitriding.
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3.3. Microhardness and Microstructural Analysis

Vickers microhardness measurements were carried out on the cross-section of nitride
samples to clarify the nitride layer thickness. The results of cross-sectional microhardness
measurements of samples nitrided for 2 h, 4 h, and 9 h at 450 ◦C, 500 ◦C, and 550 ◦C were
presented in Figure 5 according to the distance from the surface.
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Figure 5. Microhardness profiles of 316L samples nitrided at various temperatures for (a) 2 h, (b) 4 h,
and (c) 9 h.

Upon nitriding for 2 h, the surface hardness increased from about 900 HV to 2000 HV
when the nitriding temperature was increased from 450 ◦C to 500 ◦C. However, the surface
hardness decreased to about 1300 HV when the nitriding temperature was further increased
to 550 ◦C (Figure 5a). With a similar trend, upon nitriding for 4 h, the surface hardness
increased from about 900 HV to 1900 HV when the nitriding temperature was increased
from 450 ◦C to 500 ◦C, and then decreased to about 1400 HV at 550 ◦C (Figure 5b).

More interestingly, upon nitriding for 9 h, the surface hardness was decreased from
2100 HV to 1500 HV when the nitriding temperature was increased from 450 ◦C to 500 ◦C,
and then further decreased to 1400 HV at 550 ◦C (Figure 5c).

OM images of nitriding cross-sections were demonstrated the nitride layer as a darker
region due to the nitrogen penetration and consequent phase transformations (Figure 6a–c).
Although some delamination of the outer nitride layer was observed due to the formation
of brittle ε phase as seen in Figure 6a(iii), SEM images presented a defect-free nitride depth
(Figure 6a′–c′), reaching 95 µm after 9 h nitriding at 500 ◦C (Figure 6b′).

The nitride layer thickness was evidently observed by OM and SEM measurements as
shown in Figure 6, corresponding to the results of microhardness measurements. Consid-
ering the results obtained by the hardness-depth profiles determined by microhardness
measurements, OM, and SEM micrographs, the approximate nitride layer thicknesses for
each nitriding condition are about 15, 40, and 45 µm for 450, 500, and 550 ◦C, respectively,
as listed in Table 2.

It is not surprising that the increase in nitriding time and temperature results in an
increase in nitriding layer thickness [7,9,20]. However, the aforementioned differences
in the relative amount of the phases are critically important to understand the hardness
levels and distributions in the depth profiles. The hardness of the matrix of untreated
samples was about 330 HV. On the other hand, the hardness of the γN phase is able to
reach over 1200 HV depending on the amount of diffused nitrogen in its structure [21].
Moreover, γ′, ε, and α phases, as such CrN and Cr2N precipitates, can reach hardness
around 2000 HV [18]. Therefore, the fluctuations in microhardness measurements can be
attributed to the distribution of brittle phases (γ′ and ε in compound layer) and nitrides
(Cr1-2N in diffusion layer) in the nitride layers.
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Table 2. The nitride layer thickness of the samples depending the nitriding temperature and time.

Nitriding Time
Nitride Layer Thickness (µm)

450 ◦C 500 ◦C 550 ◦C

2 h 15 40 45

4 h 15 45 50

9 h 50 95 75

Upon nitriding for 2 h, the highest hardness was detected from the sample nitrided
at 500 ◦C. According to our findings based on Figures 1a and 2a, the samples nitrided at
450 ◦C have a higher amount of α phase and CrN, and lower amount of γN and ε phases
compared to the ones nitrided either at 500 ◦C and 550 ◦C. On the other hand, a possible
denitriding process was detected in the γN and ε phases in the samples nitrided at 550 ◦C.
Therefore, it is not surprising that the sample nitrided at 500 ◦C has the highest hardness
with a value of almost 2000 HV (Figure 5a) with its sufficiently thick nitride layer (about
40 µm) composed with a compound layer consisting of hard and brittle γ’ and ε phases.

The samples nitrided for 4 h showed the same dependency on nitriding temperature
in the hardness-depth profiles, as shown in Figure 5b. However, the lower hardness of
sample nitrided for 4 h with a value of 1825 HV compared to one nitrided for 2 h with a
value of 2015 HV for the nitriding temperature at 500 ◦C can be attributed to denitriding of
ε phase at the outermost layer as discussed in Section 3.1.

Despite the increase in nitriding time from 2 h to 4 h for 450 ◦C nitriding temperature,
the characteristics of hardness were similar (Figure 5a,b), exhibiting approximately the
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same nitride layer thickness (15 µm as expressed in Table 2). Thus, it is assumed that an
increase in nitriding time from 2 h to 4 h merely affected the phase distribution regarding
denitriding (Figure 1a,b). As such, in exchange for denitriding of ε phase, Cr2N was formed
for hardening nitriding layer.

Interestingly, the hardness of the sample nitrided at 450 ◦C was the highest among
the samples nitrided for 9 h, reaching over 2000 HV (Figure 5c). It can be anticipated
that the erratic alterations in hardness depth profile up to about 10 µm depth can be in
parallel to the inhomogeneous and nonlinear distribution gradient of the ε phase in the
compound layer. In this regard, considering the overall nitride layer thickness as about
50 µm, the rest 40 µm is expected to be the diffusion layer composed of the γN, α phases,
and nitride precipitates for sample nitrided at 450 ◦C for 9 h. Therefore, the fluctuation
in hardness in this diffusion layer can be attributed to the corresponding distributions of
nitride precipitates.

On the other hand, the decrease in near-surface hardness of samples nitrided at 500
and 550 ◦C for 9 h indicated denitriding of outer ε phase (Figure 5c), while a significant
decrease in ε phase density was clarified (Figure 2c). It is worth mentioning that denitriding
of the ε phase might enhance the quality of the nitride layer while preventing delamination,
as observed in Figure 6a(iii),b(iii),c(iii),a′,b′,c′.

Previous reports recommended 450 ◦C nitriding temperature to reach maximum
surface hardness, and accordingly good wear and corrosion-resistance [22,23], which was
expected as a very valuable outcome of a more stable γN phase. Similarly, observation of the
highest hardness in the sample nitrided at 450 ◦C for 9 h with its the highest relative amount
of the γN phase is in very good agreement with the literature [17,20,24,25]. However, it
should be noted that the existence of ε phase in the compound layer upon nitriding at
450 ◦C can cause undesirable consequences, such as high brittleness and delamination in
the surface layers.

On the other hand, although it has been reported that CrN precipitation showed no
detrimental effect on wear and corrosion in a low relative density [9], increasing nitriding
temperature to 550 ◦C will promote the precipitation of increasing the amount of Cr1-2N
phases, ultimately consuming a substantial amount of free chromium available to construct
a surface oxide layer important for corrosion protection. Consequently, the corrosion
resistance of the samples can undesirably be deteriorated [26] with increasing nitriding
temperature.

Therefore, according to the results of this study of interest, it can be proposed that a
nitriding temperature of 500 ◦C can present an ideal combination of high hardness and
hardness depth profile, providing an ideal solution for the applications requiring wear as
well as corrosion resistance.

4. Conclusions

This study investigated the microstructural characteristics of ion-nitrided biomedical
grade AISI 316L stainless steel considering the influence of nitriding time and temperature.
The following conclusions can be withdrawn from the above results:

1. The γN phase existed in the diffusion layer in all different nitriding conditions. This
phase was responsible for the hardness increase upon the ion nitriding process.

2. The compound layer thickness consisting of hard and brittle ε phase increased signifi-
cantly at 9 h nitriding time. Increasing nitriding temperature caused a decrease in the
amount of ε and γN phases due to the denitriding and resulting CrN precipitation.

3. The γ’ phase was also existent in all nitriding conditions. However, the amount of the
phase did not show a significant difference with changing nitriding parameters.

4. The samples nitrided at 450 ◦C for 9 h exhibited the highest surface hardness values.
However, they suffered from cracks and/or delamination, most probably due to
the sharp concentration gradient of the diffusing nitrogen and consequent residual
stresses in the nitride layer.
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5. The sample nitrided at 500 ◦C for 9 h exhibited the best nitride layer thickness and
hardness combination without any cracks and/or delamination.

In this study, a combination of nitriding temperature of 500 ◦C, and time of 9 h is
proposed as ideal nitriding parameters to give the best combination of surface hardness and
layer thickness. In addition, as the γN phase is responsible for the increase in hardness, the
corresponding sample is expected to also have an ideal combination of wear and corrosion
properties for the engineering applications of AISI 316L stainless steel.
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