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ABSTRACT

In the paper, the passive surface layers of AISI 304L after standard (EP50) and very-high-current density elec-
tropolishing (EP1000) in a mixture of orthophosphoric and sulfuric acids in a 1:4 ratio, are presented. The main
finding of the presented studies is enrichment of the steel surface film in chromium: total chromium to total iron
ratio was equal to 6.6 after EP50 and to 2.8 after EP1000; on the other hand, chromium compounds to iron com-
pounds ratio was equal to 10.1 after EP50, and 3.9 after EP1000.
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INTRODUCTION

Austenitic stainless steels after electropolishing can be used in food and chemical indus-
tries as well as in medicine (biomaterial) because of their chemical composition. The standard
electropolishing [1-2] as well as magnetoelectropolishing [2-12] of stainless steels can change
the chemical composition of passive layers formed after these electrochemical treatments [1-
7]. These electrochemical polishing treatments can also have an impact on improvement of
the corrosion resistance [8-9], roughness and shine [10, 11, 13]. In the presented paper Au-
thors show one part of the experiment plan, with the electrolyte consisting of 20 vol% H3PO4
and 80 vol% H,SO4. The whole plan covers four electrolytes based on the phosphoric and
sulfuric acids, i.e. 1:4; 2:3; 3:2; 4:1, including the studies with two current densities 50 A/dm?
and 1000 A/dm?, respectively.
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EXPERIMENTAL

The AISI 304L stainless steel samples were used for the study, with the material com-
position presented in Table 1. The samples were cut off from a cold-rolled metal sheet of the
stainless steel after plate rolling so that the austenitic structure was retained. They were pre-
pared in the form of rectangular specimens of dimensions 30x5 mm cut of the metal sheet 1
mm thick.

Table 1. Chemical composition of AISI 304L SS (wt%)

C Cr Ni Mn Mo P S Cu
0.04 18.1 8.15 1.25 0.22 0.029 0.004 0.29

Si Co B Al Sn N> \Y Fe
0.44 0.17 0.002 0.002 0.007 0.078 0.09 bal.

The electrolytic polishing operations were performed at the current density of
1000410 A/dm?. The main elements of set-up were: a processing cell, a direct current (DC)
power supply RNG-3010, the electrodes and connecting wiring. The studies were carried out
in the electrolyte of initial temperature of 40+2 °C. For the studies, as an electrolyte a mixture
of orthophosphoric and sulfuric acids 1:4, was used. The electrolytic cell was used, containing
up to 500 cm’ of the electrolyte solution. Additional steels samples treated by a standard elec-
tropolishing EP at the current density of 50+1 A/dm” were used for a reference; they were
prepared in the same solution as the previous treatments in temperature of 65+5 °C. Before
the samples were measured, they were rinsed with ethanol.

All the X-ray photoelectron spectroscopy (XPS) studies were carried out by means of an
Axis Ultra photoelectron spectrometer (Kratos Analytical, Manchester, UK). The spectrome-
ter was equipped with a monochromatic Al Ka (4-v= 1486.6 eV) X-ray source of 300 W at
15 kV. The kinetic energy of photoelectrons was determined with a hemispheric analyzer set
to pass energy of 160 eV for the wide-scan spectra and 20 eV for high-resolution spectra.
During all measurements, electrostatic charging of the sample was avoided by means of a
low-energy electron source working in combination with a magnetic immersion lens. Later,
all recorded peaks were shifted by the same value that was necessary to set the C 1s peak to
284.8 eV. For measurements the take-off angle, here defined as an angle between the sample
surface normal and the electron-optical axis of the spectrometer, was 0°. Hence, the maximum
information depth of the XPS method was not more than 10 nm. The quantitative elemental
compositions were determined from the peak areas using experimentally determined sensitiv-
ity factors and the spectrometer transmission function. The spectrum background was sub-
tracted according to Shirley [14, 15]. The high-resolution spectra were deconvoluted by Cas-
aXPS software [16-18].

RESULTS
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The S 2p spectra after standard EP50 and after high-current density EP1000 electropolish-
ings are shown in Fig. 1. The binding energy of the detected peaks indicates the iron and/or
chromium sulphates. In the case of phosphorus P 2p spectra the most probable interpretation
of the peaks is iron and/or chromium phosphates, that is displayed in Figure 2. The Ni 2p, Cr

2p and Fe 2p spectra are visible in Fig. 3-5.
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Fig. 1. XPS high-resolution of S 2p spectra of AISI Fig. 2. XPS high-resolution of P 2p spectra of AlSI
304L surface layer after EP50 and EP1000, respectively 304L surface layer after EP50 and EP1000,

respectively
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Fig. 3. XPS high-resolution of Ni 2p spectra of AlSI 304L surface layer
after EP50 and EP1000, respectively

In Tables 2 and 3, the XPS high-resolution of Cr 2p spectra of AISI 304L surface layer
after EP50 and EP1000, are presented. After a standard EP50 electropolishing in the surface
layer down to about 10 nm here over two times more metallic chromium (Cr”) than after high-
current density electropolishing EP1000, was detected. In the case of chromium on the third
(Cr’") and sixth (Cr"") oxidation stages the higher amount is noted after EP1000. It is most
likely that the chromium on the third oxidation stage occurs as Cr,Os;, CrOOH, Cr,(SOs)s,
CrPOy. In Tables 4 and 5, the XPS high-resolution of Fe 2p spectra of AISI 304L surface
layer after EP50 and EP1000, are presented. After EP50 there is more iron as a metal (Fe”)
and less iron (Fe*" and Fe'") compounds (oxides: FeO, Fe;0;, Fe;O4; hydroxide: FeOOH;
sulphates: FeSOs, Fe,(SO4)3 and phosphates: Fe3(POs),, FePO,), than those after EP1000.
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Fig. 4. XPS high-resolution of Cr 2p spectra of AISI
304L surface layer after EP50 and EP1000,

respectively

Table 2. Results of fitting Cr 2pz, of EP50 and EP1000 data
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Fig. 5. XPS high-resolution of Fe 2p spectra of AISI
304L surface layer after EP50 and EP1000, respectively

EP50 EP1000
BE [eV] 574.1 5769 | 579.5 574.1 5769 | 5795
FWHM 1.3 2.6 1.8 1.1 2.6 2.8
Cr2plat%] | 287 67.1 42 12.1 818 | 6.1
Line shape [ LA(1.3,4,5) | GL(30) | GL(30) | LA(1.3,4,5) | GL(30) | GL(30)
cr* crf cr* | cr™ crf cr¥ | cr®

Table 3.

XPS high-resolution of Cr 2p spectra of AlSI 304L surface layer after EP50 and EP1000
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Table 4. Results of fitting Fe 2pz, of EP50 and EP1000 data

EP50 EP1000
BE [eV] 706.6 709.6 706.6 710.0
FWHM 0.7 48 0.7 3.6
Fe 2p [at%)] 53.5 46.5 37.8 62.2

Line shape | LA(1.2,4.8,3) GL(30) LA(1.2,4.8,3) GL(30)

Fe* Fe° Fe?*, Fe* Fe° Fe?*, Fe*

Table 5. XPS high-resolution of Fe 2p spectra of AISI 304L surface layer after EP50 and EP1000
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In Figure 6, there are presented the chromium metal to iron metal (Cr-M/Fe-M), chro-
mium compounds to iron compounds (Cr-X/Fe-X) and total chromium to total iron (Cr/Fe)
ratios on the basis of the high-resolution XPS spectra. For all ratios the higher column is visi-
ble after the standard EP50 electropolishing. Authors obtained here very high total Cr/Fe and
compounds Cr-X/Fe-X ratios, which after EP50 were equal to 6.6 and 10.1, respectively. The
finding is very important in the case of corrosion resistance as well as biocompatibility. In the
case of a lower amount of total chromium the general corrosion can be a little bit higher, but it
will be studied by Authors soon. On the other hand, a smaller amount of chromium in the
outer passive layer, that comes in contact with the tissue, could be expected because of chro-
mium on the sixth oxidation stage Cr" that is the sensitizer in a small concentration and car-
cinogenic in the large quantities.
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Fig. 6. Chromium metal to iron metal (Cr-M/Fe-M), chromium compounds to iron compounds (Cr-X/Fe-X) and
total chromium to total iron (Cr/Fe) ratios as obtained on the basis of high-resolution XPS spectra

CONCLUSIONS

In that paper, the electropolishing at 50 A/dm* (EP50) and 1000 A/dm* (EP1000) in the
non-standard electrolyte mixture (20 vol% H;PO4 and 80 vol% H,SO4), was described. On
the basis of XPS data of the surface layers after both electrochemical treatments (EP50 and
EP1000), a chromium to iron ratio (Cr/Fe) and chromium metal to iron metal (Cr-M/Fe-M) as
well as chromium compounds to iron compounds (Cr-X/Fe-X) ratios, were found. After a
standard EP50 the Cr-M/Fe-M, Cr-X/Fe-X, Cr/Fe ratios were over 3.8, 2.5, 2.3 times higher
than those after the EP1000 treatment, respectively. For the presented part of the statistical
plan (electrolyte composition: 20 vol% H3PO4 and 80 vol% H,SO,) the higher chromium en-
richment after EP1000 treatment than that after EP50, was noted. The additional preliminary
Authors’ results have shown, that an opposite situation for other electrolyte, in which there
was more H3PO4 than H,SO4, was observed.
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