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1. Introduction

The biomaterials market is experiencing a particularly sharp growth, mainly due to factors such as global
aging of the population, higher purchasing power, increased living standard, and technological progress
improvements in treating diseases previously viewed as untreatable [1]. This increase in life expectancy
among the population drives up the demand for these devices, in order to mitigate the impacts of accidents
and age-related injuries [2].

The improvement of biomedical devices has enhanced the quality of life for millions of individuals [3]. The
austenitic stainless steel produced according to the 1SO 5832-1 standard is widely used to meet the high
demand for applications in orthopedic prostheses in Brazil. The advantages of using the 1SO 5832-1 stainless
steel alloy include its biocompatibility, low cost, good mechanical performance, and corrosion resistance [2,4-
5] compared to titanium alloys and of Cr-Co [6]. Stainless steels are frequently used as biomaterials since they
exhibit high corrosion resistance due to their elevated levels of chromium, molybdenum, and nitrogen [4].

Chemical analyses of biomaterials play a crucial role in ensuring fair treatment between producers and
consumers in both raw materials and finished products. Furthermore, these analyses are indispensable for
quality control in its production, as well as for evaluating performance and ensuring the reliability of materials
in various applications [7]. Consequently, biomaterial analysis holds significance not only in the realm of
healthcare but also for the industries responsible for their production.

Several analytical techniques are applied in elemental analyses of metallic alloys, such as atomic absorption
spectrometry (AAS) [8], inductively coupled plasma atomic emission spectrometry (ICP-AES) [9],
wavelength dispersive X-ray fluorescence spectrometry (WD XRFS) [10], UV-Visible spectrophotometry
[11] and neutron activation analysis (NAA) [10-14].

The objective of this study was to evaluate the performance of wavelength dispersive X-ray fluorescence
spectrometry (WD-XRFS) and neutron activation analysis (NAA) in the analysis of 1SO 5832-1 stainless steel.
The use of these two techniques was based on their advantageous capability to conduct multi-element analysis
across a broad spectrum of element mass fractions without requiring sample dissolution.

Neutron activation analysis (NAA) provides more accurate results for both major and trace elements compared
to those obtained by atomic absorption spectroscopy (AAS) [15]. Alternatively, The WD XRFS is also
regarded as a suitable analytical instrument for determining elemental compositions because of its robust
standardless quantification capability [16].
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2. Methodology

A sample of ISO 5832-1 austenitic stainless steel was purchased in the form of a bar from Villares Metals S/A
for analysis by NAA and XRFS. Sample preparation for NAA of ISO 5832-1 stainless steel as well as results
of quality control in the NAA are in a previous publication [17]. In short, this preparation consisted of
obtaining the alloy in small fragments followed by cleaning and drying for analysis.

For NAA, about 50 mg of this sample were weighed in a polyethylene envelope for irradiation. The synthetic
standard of the elements was prepared for NAA analysis by the comparative method as described by Braguin
etal. [17]. Epithermal neutron activation analysis (ENAA) was utilized to determine the silicon (Si) content
by measuring 2°Al, formed through the nuclear reaction #Si (n,p) 2°Al. For silicon determination, 20 mg of
metallic silicon in powder form with 99.9999% purity was used as a standard. For this determination 2°Al
with half live of 6.56 min and gamma ray energy of 273.36 keV was measured.

The analyses were carried out at the Neutron Activation Analysis Laboratory of the Research Reactor Center
(CERPqg) IPEN-CNEN/SP by irradiation at the IEA-R1 nuclear reactor. The ENAA process involved
irradiating a 1SO 5832-1 alloy along with a standard, both placed in polyethylene envelopes, for short
irradiation period of 60 seconds. The sample along with the Si standard, was placed in a cadmium capsule and
exposed to the neutron flux of a nuclear reactor, which comprised of thermal and epithermal neutrons, with
flux rates of approximately 1.9 x 102 and 5.43 x 10*° n" cm-2s%, respectively.

Sample preparation for stainless steel by WD XRFS was the same applied for sample used in corrosion test
described by Braguin et al. [18] The elemental analysis of 1SO 5832-1 by WD XRFS was performed using
spectrometer model R1X 3000 of Rigaku Co. of the Laboratério de Espectrometria de Fluorescencia de Raios
X, at IPEN

3. Results and Discussion

Table | presents mass fractions of elements in the 1SO 5832-1 stainless steel alloy quantified by NAA and WD
XRFS and specification values.

As can be seen in Table I, by WD XRFS, Co and V, that did not present its specification values in reference
{19} were quantified. By comparing results obtained by WD XRFS and NAA, good agreement was obtained
for the elements Co, Cr, Cu, Mn, and Mo. Using NAA, it was possible to determine As, Fe, and W which
were not quantified by WD XRFS. On the other hand, using WD XRFS, it was possible to determine P and
Si. It should be noted that the P mass fraction is slightly higher, in contrast with Si within the alloy
specification.

In the analysis of the ISO 5832-1 stainless steel, the elements Cr, Cu, Mn, Mo, and Ni were quantified and
their obtained mass fractions indicated that they are within the ranges of values of ABNT NBR 1SO 5832-1.
For the elements As, Co, Fe, V and W, its specification values are not presented.
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Table I: Mass fractions of elements obtained for ISO 5832-1 alloy
by WD XRFS and NAA and specification values.

Elements WD XRFS NAA Specification values
F+U X +SD [19]
As, ug g - 15.0+15 A
Co, ug gt 300+ 10 213.8+4.4 A
Cr,% 16.9+0.2 17.06 £ 0.61 17.0-19.0
Cu, % 0.06 £ 0.01 0.0427 + 0.0025 0.5 max
Fe, % - 62.6+2.1 A
Mn, % 19+01 1.764 + 0.025 2.0 max
Mo, % 2701 2.49+0.33 2.25-3.00
Ni, % 155+0.1 13.3+13 13.0-15.0
P, % 0.026 £ 0.003 - 0.02 max
Si, % 0.30 £ 0.02 - 1.0 max
V, % 0.06 £0.01 0.03522 + 0.00074 A
W, ug g - 110 £ 15 A
F= mass fraction of the element; U: uncertainty calculated for a 95% confidence level (i.e. coverage factor k = 2); X=

arithmetic mean of the mass fractions, SD= standard deviation, - = indicates that the element was not determined, A=
indicates that the value is not presented in reference {19}.

Using XD XRF, mass fractions of Co, Cr, Cu, Mn, Mo, Ni, P, Si e V in ISO 5832-1 alloy. Cr, Cu, Mn, Mo,
and Si mass fractions obtained are within the specification [19]. Ni and P mass fractions obtained by WD
XRFS are slightly above the specification. As it has been mentioned, Ni quantification is of great interest,
because it is toxic for humans and may cause mutagenic, cytotoxic [1], carcinogenic [20] effects and other
allergies [21].

4, Conclusions

By chemical characterization of elements in ISO 5832-1 stainless steel sample by NAA and WD-XRFS it was
possible to conclude that both techniques allowed the determination of several elements of interest for the
researchers concerning its application as biomaterials. These techniques due to its elemental character can be
applied in the quantification of main elements as well the impurities present in low mass fractions.
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