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Effect of slide burnishing on corrosion potential in ASTM A-36 steel
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This study investigates the corrosion potential of ASTM A-36 steel after slide burnishing using different applied forces. Milled samples of
ASTM A-36 steel were subjected to slide burnishing surface treatment. The burnishing process was carried out with forces of 150 N, 300 N,
and 450 N, at a travel speed of 100 mm/min. The effects of burnishing on the phase and chemical composition of the material were analyzec
using Grazing Incidence X-ray Diffraction and X-ray photoelectron spectroscopy, which indicated no changes in the crystalline phase or
chemical composition of the material. Corrosion potential measurements were performed using the Tafel test. The results showed that a:
the burnishing force increased, the corrosion potential shifted to lower values. Additionally, roughness analysis suggested that the change ir
corrosion potential was attributed to plastic deformation caused by the burnishing process. The increased mechanical work exerted on the
material during burnishing may be the underlying reason for the observed shift towards lower corrosion potentials with higher applied forces.
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1. Introduction to roughness. Therefore, the objective of this study is to in-

vestigate the effect of roughness resulting from turning on

There are multiple techniques used for surface finishing ofne corrosion potential of ASTM A-36 steel, as a first step.
metallic materials, primarily applied to machinery parts. Pro-jp 3 second step, evaluate the influence of the plastic defor-
cesses such as electrochemical finishing, burnishing, elegation caused by slide burnishing on the corrosion potential

tropolishing, abrasive flow machining, shot peening, etc. [1f previously milling surfaces. Understanding the change in
5] can be employed to improve surface finish. Slide burnishzorrosion potential is significant because it depends on varia-
ing provides several benefits as improving surface hardnesggns in both the anodic and cathodic reactions. For instance,
roughness and dimensional accuracy of a workpiece. Thesethe cathodic reaction remains constant, a decrease in cor-
is achieved by generating compressive residual stresses gfsion potential can be attributed to an increase in the anodic
both the surface and subsurface of the workpiece [6]. reaction, indicating that the metal becomes more active. Con-
Toloei et al. [7] states that as surface roughness deversely, an increase in corrosion potential can be attributed to
creases, the corrosion potentfélor) shifts towards the no- 5 gecrease in the anodic reaction, suggesting that the metal

ble direction. Additionally, Abosrrat al. [8] shows thatthe pecomes more noble. A positive shift in the corrosion po-

corrosion potential of 316L stainless steel is dependent oenial signifies that anodic corrosion is primarily retarded
chloride concentration and surface roughness. As chloridg 5 16),

concentration and roughness increase, the corrosion potential

becomes less noble. While some authors have studied the ef-

fect of burnishing on corrosion, including roughness, grain2. Experimental

size, etc. [9-14], and these studies clearly indicate a change

in the corrosion potential, this aspect is not or partially ad-An ASTM A-36 steel with 25 mm in diameter and about 5
dressed in their results and discussions. Consequently, mafiym long was used as substrate. Table | indicates the chemi-
authors attribute the alteration in corrosion potential mainlycal composition of this steel.

TABLE |. Chemical composition of the ASTM A-36 steel rod fiiwt).

C Mn P S Si Ni Cr Mo Cu Ti \Y Sn
0.14 0.86 0.016 0.026 0.220 0.14 0.17 0.04 0.28 0.001 0.044 0.009
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In a first step, samples of ASTM A-36 steel rod were counter electrode, respectively. An area of 1%cof steel
turned using a conventional lathe, to evaluate the influenceubstrate was used as the working electrode. The reference
of the roughness surface on the corrosion potential. Thelectrode was verified in a typical Daniell cell, where high pu-
cutting conditions used on surface samples were a speed dfy copper and zinc electrodes were immersed in a solution
460 rpm, depth of cut of 0.1016 mm, dry condition and of copper (Il) sulfate and zinc sulfate (from Sigma-Aldrich),
four feed rates 0.0356 mm/rev (14M), 0.0711 mm/rev (28M),respectively. The copper and zinc electrodes were verified by
0.1194 mm/rev (47M) and 0.1422 mm/rev (56M). -the Bragg Bentano method- X-ray Diffraction (XRD) from

In a second step, to study the effect of the slide burnish20” to 80" with a step of 0.022s, and a scanning electron
ing force on the corrosion potential of ASTM A-36 steel, four Microscope (SEM) Jeol JSM-5300 equipped with Kelvex en-
samples were milled using a Fadal VMC 3016 CNC Verti- €9y dispersive spectrometer (EDS) model delta 1. Before
cal Machining Center. The samples were milling in a cNcthe measurements, an open circuit potential (OCP) was com-
machine instead of tuned in the conventional lathe, due thButed for 3600 s. Tafel tests were carried-out 450 mV
CNC machine reduces the standard deviation of the rougrican relativefe; at a 0.5 mV/s potential speed. Then, Tafel
ness compared with a conventional lathe for the same sampfd/rves were fitted to find both corrosion currefiof) and -
[17], this to minimize the influence of initial roughness in Ecor by using the VersaStudio corrosion test software which
the samples and improve the evaluation just of the effect operforms a numerical fit to Tafel equations. The cross-plane
the burnishing force. One of the four samples was not treatefil®rmal conductivity of samples was measured by a home-
(control), the other three were burnished in an aresof 15 made thermal analyzer. Amplitude roughness indicators as
mm using a diamond slide burnishing tool. The parameter&rithmetic average deviation of the roughness profitg)(
were burnishing force of 150 N (B-150N), 300 N (B-300N) average maximum height of the roughness profite)(and
and 450 N (B-450N), travel speed of 100 mm/min follow- Maximum height of the roughness profil&;§ were deter-
ing a step-cross toolpath with a 50 % step over distance dihined using a roughness meter MitutGysurf test SJ-310
the spherical tip trace, 0.29 mm, which was obtained by ex&ccording to the ISO 4287 standard. For every sample, five
perimental tests for these specific burnishing forces. x_ra);neasurements of each roughness indicator were recorded us-
diffractograms were recorded by using Grazing Incidence Xing @ cut-off length of 0.8 mm, evaluation length of 4.8 mm
ray Diffraction (GIXRD) at £. X-ray photoelectron spec- and measure speed of 0.5 mm/s.
troscopy (XPS) was used to analyze the chemical environ-
ment structures of iron. The XPS analysis was performed3, Results and discussions
using a K alpha model from Thermo Scientific. Both general
and high-resolution spectra were obtained from the samplegigure 1 shows the X-ray diffractograms of the Cu and Zn
To calibrate the obtained spectra, the binding energy of thelectrodes used to verify the quality of the Ag/AgCI (3 M
C 1sline at 284.5 eV was chosen as the reference peak. THeCI) reference electrode. The positions of the diffraction
Fe signal curves were fitted by using the XPSpeak41 softpeaks associated with the cubic and hexagonal crystal struc-
ware. The corrosion evaluation was conducted by Tafel (poture of Cu and Zn, obtained respectively from JDPDS cards
tentiodynamic polarization) technique. An Ag/AgCl (3 M 040836 and 040831 from the Powder Diffraction Files 2
KCI) electrode and a carbon disc were used as reference atfgDF-2) Database, are also shown.
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FIGURE 1. X-ray diffraction patterns of Cu and Zn electrode.
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Spectrum 1
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Spectrum 1
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FIGURE 2. EDS measurements of Cu and Zn electrode.
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FIGURE 3. Polarization Tafel plots for turned samples in NaCl 3.5
Towt.

FIGURE 4. X-ray diffraction patterns of milled (control) and bur-

nished (B-150N) sample.

The atomic composition was also evaluated by EDS in
the same set of Cu and Zn electrodes. Figure 2 shows the
EDS profiles of pure copper and zinc, respectively. Also, a
typical noise peak is shown at very low energies. Hence, ac-
cording to the X-ray diffractograms and EDS measurements,
the electrodes are composed of Cu and Zn.

Figure 3 shows Tafel spectra obtained during the testing
of turned samples in NaCl aqueous solution.

Itis known that the main threats to surface integrity come
from the plastic deformation of the workpiece during the ma-
chining process, and the plastic deformation could change if
we modify any turning parameter, such as feed rate [18,19].
In this sense, Fig. 3 shows that corrosion potential shifts to
the left while more feed rate is used in lathe. Table Il shows
the change in corrosion potential due the plastic deformation
caused by the feed rate.

To reduce the standard deviation of the initial roughness
on the samples to be burnished, samples were milled (CorE

TABLE Il. The values ofFcor and Icor for turned samples.

Intensity [a.u.]

R R [ R T g

— Control
B-150N

w
6]

800 600 400 200 0
Binding energy [eV]

IGURE 5. X-ray photoelectron spectroscopy (XPS) spectrum for
milled (control) and burnished (B-150N) sample.

trol sample) and then burnished using a Fadal VMC 3016
CNC Vertical Machining Center applying a force of 150 N

Parameter 14M 28M 4™ 56M (B-150N), 300 N (B-300N) and 450 N (B-450N). In order to
Ecorr (MV) -539.313  -557.44  -592.16  -620.243  verify that there are no phase changes on the material surface
Teor (Alcm?] 9.823 21.938 17.144 20.612 due to the temperatures generated by the friction between the
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FIGURE 6. High resolution XPS spectrum associated to the a) Fe binding energies and b) the deconvolution of the Fe signal for sample
B-150 N.

burnishing tool and the surface, prior to the corrosion tests, i

= r 7
which could alter the results, as an example, Fig. 4 shows i — Si”ggo,l, Ps 7
GIXRD patterns for unburnished (control) and burnished (B- " B-300N //
150N) sample. According to JDPDS card No. 060696 from  '00ME W ¥
the PDF-2 Database, the diffraction peak positions confirm ¢ i K X N 7!1___
only Fe«x phase on unburnished and burnished sample with- g " s / S
out any other phase, suggesting that milling and burnishing & g h / \ [ )
do not induce any other phase on the surface of the material. § E [ \
Figure 5 shows the insights into the chemical environ- i K |f
ment of the elements of the sample surface, mainly iron, per- W 3 |
formed by x-ray photoelectron spectroscopy (XPS). The gen- C ‘
eral survey XPS spectrum show main peaks as Fe, O and C. T
Clearly the general spectrum are similar on both samples. 10000 -700 -600 -500 -400
Figure 6a) shows the high resolution XPS spectrum as- Potential [mV]

somgted to the Fe k?'”d'”g energies for the control an_d _th%IGURE 7. Polarization plots for control and burnished samples
burnished sample with 150 N. Due the spectrum are simila[ising a force of 150 N (B-150 N), 300 N (B-300 N) and 450 N
for both samples, Fig. 6b) shows a peak fit analysis of thgg-450 N) in NaCl 3.5%w.

Fe 2p /, and Fe 2p,, signal profiles for B-150N sample. It

shows the deconvolution of the signals that are attributed t¢n the corrosion potential of sample B-150N compared to the
Fe, Fé™ and FéT [20]. The positions of the peaks were ob- control sample (non-burnished). This behavior is consistent
tained from the x-ray photoelectron spectroscopy database @fith what has been reported by Al-Qawabegtaal. [13].
NIST [21]. This result confirms that, derived from the tem- |t is interesting to note that Figs. 2 and 6 suggest that the
perature due to the friction between the material surface anflirned and burnished surfaces become less noble when in-
the tool during the burnishing process in dry condition, bur-creasing cutting speed and burnishing force, respectively, due
nishing does not change the chemical composition of the mao the increased level of compressive residual stress. In con-
terial surface. The presence of iron oxides(Fand FE€*)  trast, Salahshoast al. [22] reported that burnished surfaces
are the native oxides presented in all steel. become more noble when increasing rolling force; however,

To analyze the influence of plastic deformation from thethey used high forces and did not control the finishing surface
perspective of burnished force on samples, and then estabefore burnishing.
lishes the corrosion potential based on applied force, Tafel
curves are presented in Fig. 7.

Figure 7 shows that burnishing process provides a similar
corrosion resistance to all samples, however, the corrosion*®
potential moves to the left while more force is used in bur-  parameter Control  B-150N  B-300N  B-450N
nishing as shown in Table IIl This could be due to the resid-— (MV)  -490.514 -459.029 -562.092 -638.553
ual stress induced by burnishing [11]. Furthermore, a shift " ° "~ ' ' ' '
towards more positive values (to the right) can be observed Lo (AfCm’) 9.531 14.707 21.169 17.544

LE lIl. The values offcorr and Icorr for burnished samples.

Rev. Mex. Fis69061002



EFFECT OF SLIDE BURNISHING ON CORROSION POTENTIAL IN ASTM A-36 STEEL 5

24 - 10
F o 14M L
225 = 28M = 9 == Control
20 mm4TM L m=mB-150N
=1gf == 56M 8- mmmB-300N
EVL T _F ==1B450N
I e T
® 16F 57
0 o @ I
21 g6l
= E = I
212f £
e .ak 2 e
370; 8 4:
= Q =
€ 8¢ 8 =
& 6F 50
£ w C
ns 2k
2F C
E 1~
0 C
R; R: Ry oL
Roughness parameters R; R: Ry

FIGURE 8. Roughness parameters obtained after turning process at e

different feeds. FIGURE 9. Roughness parameters obtained after milling and
milling-burnishing processes.

Potential values, shown in Table Ill, confirm that the cor-
rosion potential shifted to the left while more force is used in  Although in Fig. 9 the roughness values presented a sim-
burnishing due the residual stress induced by burnishing. ilar value for the burnishing forces of 150 N and 300 N,

The values of the cross-plane thermal conductivity (89.0Fig. 10 illustrates that the burnishing force of 300 N causes
W/m-K) were similar for the control and burnished sample.enough high surface plastic deformation to produce the foot-
Maybe because plastic deformation is not sufficient to inducerint of the deforming element of the tool on the work-
changes in the thermal property of the material. piece surface, while a burnishing force of 150 N produces a

Figure 8 shows thé&,,, R, and R, roughness values ob- smoothing of the initial surface profile without marks. There-
tained after conventional turning for 14M, 28M, 47M and fore, the optimal burnishing force for this material using the
56M samples, respectively. As expected, the results indicatailling conditions employed in this study is between 150 N
that surface roughness parameters increased due to increasd 300 N. For the burnishing force of 450 N, a greater plas-
ing feed rate, this is because increasing the feed rate leads tdia deformation occurs on workpiece surface in comparison
larger separation between consecutive positions of the cuttingith 300 N, causing an increase Ry, R. andR, roughness
insert causing a greater distance between peaks and valleyalues. According to the results of Fig. 9 between the con-
[23,24]. An increase of the feed rate from 0.0356 mm/rev tatrol and burnishing specimens, using the burnishing force of
0.1422 mm/rev caused thRt,, R, andR; roughness param- 150 N allows reducing?,, R. andR; by 66.2%, 51.9% and
eters increasing by 44.4%, 37.9% and 42.7%, respectively. 49.1%, respectively.

Figure 9 shows th&?,, R, and R, roughness values af- Figure 8 gives the impression that the change of potential
ter milling (control) and milling-burnishing specimens (B- is due to roughness. However, maintaining the same rough-
150N, B-300N and B-450N). All roughness parameters wergiess on samples but increasing the burnishing force, even ob-
reduced with the three burnishing forces applied. taining less roughness, the opposite is presented, as shown

8.0 Ra = 1.433 um - Miling
------- Ra=0.499 pm-Br = 150 N
------- Ra = 0.486 um - Br = 300 N

Roughness profile (um)

B O O T S A O
0.0 04 0.8 12 16 20 24 28 3.2 3.6 4.0 4.4 48
Measured length (mm)

FIGURE 10. Typical roughness profiles after milling and milling-burnishing specimens of ASTM A-36 steel.
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in the Figs. 8 and 9, which suggests that corrosion potentiaihechanical work done could be the reason why the curves
shifted is due to the plastic deformation (residual stress) andhifted to lower potentials with respect to reference electrode
possibly does not due to the roughness or with a smaller corwhile more force is used in burnishing, and this could be
tribution. interpreted as a crystalline structure change or grain refine-
In order to explain the residual stress effect on the matement due a residual stress by burnishing [9, 12]. Although
rial, it is known that the first law of thermodynamics estab-some authors attribute the change in the corrosion potential
lishes that due to the surface finish of the material, such as roughness,
dU = dQ — dW. (1) this study suggests that the plastic deformation [27] that it
might experience should not be neglected. Further investiga-
tions can build upon these findings to explore the interplay
between burnishing, residual stress, and corrosion behavior.

For a stationary thermodynamic system as corrosioh,
denotes the change in internal energs) is the energy ex-
change across the system boundary as heat,j8ndep-
resents the sum of the work exerted by the system onto its
surrounding_envi_ronment. It can b_e demonstrated [25_] thay  Conclusions
the change in Gibbs’ free energy is equal to the maximum
amount of work that a system can perform to the surroundsjide burnishing was performed by using forces of 150 N,
ings while undergoing a spontaneous change when tempergoo N and 450 N. The Tafel results confirm that the corro-
ture and pressure are maintained constant, as corrosion:  sjon potential is shifted to the left while more force is used in
AG — —5W @ bur_nishing process, because burnishing induces comp_resive

’ residual stresses over the surface by the effect of plastic de-

In an electrical or electrochemical process as corrosionformation. It denotes a mechanical work done that produces
§W = 6W.. 5W, corresponds to an electrical work that can @ change in the Gibbs'’ free energy in the material and it could
be defined as the product of E in which the potential dif- b€ the reason that the corrosion potential is shifted.
ference between anode and cathodg,isnd the total Charge In conclusion, this StUdy demonstrates that slide burnish-
transferred during the reaction¥):, then the electrical work g on ASTM A-36 steel with varying applied forces can af-
(6W,) done by the cell must beF E, wheren is the num-  fect the corrosion potential. The findings suggest that the
ber of moles of electrons anHl the Faraday constant. At Pplastic deformation induced by the burnishing process and
equi"brium, there is no corrosion and Gibbs’ free energy isthe resulting increase in mechanical work contribute to the
given by the following equationAG = —nFE. However, Observed shift in corrosion potential towards lower values
when a burnishing is done in material, it induces a compresgwith higher burnishing forces. These insights enhance our

ing residual stress on treated surface by the effect of plastignderstanding of the effects of burnishing on the corrosion
deformation [11,26]. In this way§iW should be rewritten behavior of ASTM A-36 steel and provide valuable informa-
tion for optimizing the surface treatment process to mitigate

SW = W, + W, (3)  corrosion risks in practical applications.

as:

where W, corresponds to electrical work done to the sur-

roundings andW,,, denotes the mechanical work done to theACknOWIedg ments

system from burnishing that produces a change in the Gibbs’

free energyAG, which can reduce the activation energy for The authors gratefully acknowledge the financial support of
an atom to leave the metal lattice and get into the solutionthe Consejo Nacional de Humanidades, Ciencia and Tec-
The positive sign is the result of the work done from the surnologa (CONAHCyT), Mexico, under its SNI program. This
rounding to the system that corresponds the work done bwork was partially supported by the Universidad de Guana-
increasing its potential energy. In this sense, this amount giiato under grant DAIP-CIIC 026/2023.
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