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Abstract

The influence of surface topography and cuttingapeaters on the corrosion resistance
of stainless steel UNS S31600 in a 6% NaCl solusceddressed in the present study.
Surface topography has been modified by changirey dbnditions parameters of

superfinish turning, including feed, cutting speed depth of cut, and their correlations
with corrosion resistance have been examined. éhdts showed that the depth of cut
is correlated with the corrosion potential. Moregvihe increase of cutting speed
degrades the corrosion resistance and increasesothesion potential in the anodic

phase. In its turn, the polarization resistanageiases in a manner correlated with
increasing the surface quality.

Keywords: Pitting corrosion; polarization resistance; averagughness; superfinish
turning; potentio-dynamic test.

Introduction

Superfinish turning is a machining process that bhasome increasingly
important in industry. It consists to avoid thetifszation phase in order to have
a good quality of machined surface [1]. This precssdeveloped in mechanical
industry, in particular, when the functional perf@ance and the safe life of
workpiece are essential requirements [2]. Many expental and analytical

studies were performed to quantify the influencahafse cutting conditions on
the surface topography [3-5], residual stresse] [®d microstructure [9,10] of
pure metals and metal alloys.

In literature, many investigations claim that theting conditions of the turning

machining, induce a field of the residual stresseshe inside layer near
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machined surface. They significantly modify the rostructure, the texture of
the workpiece, and its mechanical properties [1]1,58, the electrochemical
behavior and the corrosion resistance can be #scted.

Some research has proven that the corrosion behha® been effected by
machining [13,14]. Szklarska-Smialowska has cordnnthat the more the
surface is homogeneous, chemically and physicéé/more the pitting potential
Is increased, and the number of pits is weak, apresgly the best corrosion
resistance of the metal [15]. Zuo et al. [16] ha¥rmed that the number of
metastable pits, of stainless steel, decreasesingtbasing the number of grains
of the paper at a given potential. Similar reswtye obtained by Sasaki and
Burstein [17]. They reported that the pitting paignis lower for rougher
surfaces than for smoother. Zatkalikova and Liptakid 8] affirmed this result;
they found that the potential and the corrosioa tecreases with the decrease in
the value of the average roughness of UNS S3040@Rrikash et al. [19] have
found that the corrosion rate decreases with thee@se in the cutting speed in
turning operation, and it increases with the desgea the cutting angle.
However, Sang Mok Lee et al. [20] have proved thatpolarization resistance
has not a significant correlation with the averaggghness of mashed stainless
steel. Yet, they founded that it has a significaariation with the height of the
pits.

Gravier et al. [21] have observed that the eletieoucal behavior of workpiece
is influenced by the mechanical and microstructysabperties in NaCl®
electrolyte solution at 25 °C; they adapted inrthiesearch the electrochemical
microcell technique. Similarly, Bissey-Breton et [@2] were remarked that the
surface roughness and the residual stress aregbtraorrelated with the
corrosion potential. Yin et al. [23] have also showhat the granular
microstructure affects the distribution of the desil stress, which affects the
wear corrosion of copper surfaces when exposedatol Iolution. So, Robin et
al. [24] have found that the corrosion resistanteapper decreases with the
intensity of the stress induced by the stampingegss.

In this work, an empirical study will be establidht® find a correlation of the
cutting conditions and the arithmetic average rowgls, with the corrosion
behavior of the workpiece in superfinish turningpecially with the corrosion
potential, the current density and the polarizatesistance.

Presentation of experimental tests

Material studied

This is a stainless steel alloy UNS S31600 type ri8INI, with austenitic
structure. It comes in rolled form. The chemicahpwosition of the stainless steel
is given in Table 1. UNS S31600 stainless steel subgected to a tensile test, to
determine its mechanical behavior. Table 2 showasttie selected steel has high
tensile stress 730 MPa, and its elastic limit redcbb1 MPa.

Table 1.Chemical composition of UNS S31600.

C Si Mn P S N Cr Mo Ni Cu Co

0.022 037 1.79 0.031 0.026 0.075 16.59 2.08 10.13 0.36.16 0
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Table 2. Tensile test of UNS S31600.
Rm (Mpa) Pro2 (Mpa) A5 % Z%

730 551 41.3 71.8

Superfinish turning

The experiment was conducted on a CNC lathe. Spedmere machined from
a blank of four cylindrical bars, and have 0.5 mlémgth, and 11 mm in
diameter. They are machined using a dressing tabl & carbide tip (Fig. 1),
being its geometry described in Table 3. The tamigtrates the workpiece by
minimizing the friction with the lubricant. For agerfinishing surface quality in
turning operation, it is necessary to choose sk@talutting parameters. A.
Chevallier [25] mentioned that austenitic stainlsieel must be machined with a
feed superior then 0.04 mm/rev, and a cutting spe@@dons 115 m / min. In the
one hand, the field experiment uses feed valuesngeto the interval [0.05
mm/tr; 0.2 mm/tr]. The upper value of the range (thm/tr) was selected to
remain in the finishing operation, and to avoid tbheghing rang of feed. Based
on the average value of feed interval (0.125 mm@yrner Radius can be
calculated according to equation 1 used in mechamdustry [26]. This value is
equal to 0.2 mm (0.125*2=0.28.2 mm). In the other hand, the cutting speed
adopts 115 m/min value as the arithmetic averagiefselected range, so the
interval [75 m/min; 150 m/min] has been chosen é&ign 2). The experimental
design of the cutting parameters is presented ImeTa

.= 2.f (1)
T — 1125 % 115m/min 2)
80°
o

- - F—SLI

Figure 1. Carbide tip WNMG 080004-11 NS9530.

Table 3. Input cutting parameters of the experiment.

Range
F 0.05 0.2
ap 0.25 1
Ve 75 150

14%
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Localized corrosion tests
Corrosive solution
A 6% NacCl, obtained by diluting of sea salt witlstdied water.

Electrochemical measurements

The electrochemical experiments were performed iRyeex cell with three
electrodes (Fig. 2): stainless steel UNS S3160@n{d) as working electrode,
platinum as an auxiliary electrode and a saturasddmel electrode, SCE, as a
reference electrode. The current-potential curveobsained by operating in
potentiodynamic mode; the potential applied to shenple varies continuously
with a scanning rate of 5 mV / min. A relativelydaate of scanning was chosen
to remain in a quasi-stationary regime. The measents are performed with an
assembly comprising a PGZ100 potentiostat-galvahosassociated with
"voltamaster4" software. Before curve plot, the kuog electrode is maintained
at a potential of -800 mV for 15 minutes. The tegése carried out maintaining
the temperature of the electrolyte at 25 °C £+ @1 °

Reference electrode

Auxiliary electrode

. Working electrode

Figure 2. The Pyrex cell with three electrodes.

Results and discussion

Surface roughness

The average roughneBa of the machined specimens in the superfinish tgyni
is shown in Table 4.

The cutting speedvc had an influence on the average roughnBasin
superfinish turning. Fig. 3 proves that the incesesthe cutting speed conducts
to decreasing the quality of surface workpiece 'ONKS S31600. The same
finding was observed on the variation of the avenamghness with the depth of
cut, as presented in Fig. 4. This observation amgszdhe degradation of the
surface quality with the increase in the depthuifap.

In turning operation, increasing the depth of aut &he cutting speed generates a
mechanical vibration on the cutting tool, and arried constraint, produced by
the tool friction in machining operation [27]. StkEss steel has a low thermal
conductivity that prevents dissipation of heat gatesl in the cutting area,
consequently increasing the cutting temperature]. [Z8herefore, high
temperatures with high ductility of the austenitage increase the residual stress

14€
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in the subsurface layer of workpiece. Consequeritlis stress impacts the
material nobility, and increases corrosion poténtia

Table 4. Variation of average roughness with cutting caonds.

N° f (mm/tr) ap (mm) V¢ (m/min) Ra (um)
1 0.05 0.75 125 0.512
2 0.1 0.25 100 0.601
3 0.1 0.5 100 0.789
4 0.1 0.75 150 0.741
5 0.15 0.25 125 0.902
6 0.15 0.5 150 0.960
7 0.15 0.75 150 1.089
8 0.2 0.25 125 1.215
9 0.2 0.25 150 1.332
10 0.2 0.5 100 1.476
11 0.2 0.5 150 1.575
12 0.2 0.75 75 0.490
13 0.2 0.75 100 1.774
1.5
1.4 —_
1.34
— 12_
=
= Ll
o
= 1.0
& 009
0.8 4
0.7 e
0.6 T T .
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Figure 3. The variation of average roughness Ra with thengutipeed Vc.

The average roughness increases with increasinigéaeper revolution (Fig. 5).

The lower quality of machined surface has not kaitin this increase in

roughness, but it was illustrated on the largeipig®on of roughness values for
higher feeds. Therefore, the range of dissipatrameiases with the increase in
feed per revolution of cutting tool. This increas€ dissipation range was
influenced by increasing vibration on the cuttingltin finish turning operation

[29].
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Figure 4. The variation of average roughné&swith the depth of cudp.

1.504

1.254

1.00

Ra (um)

0.75 1

0.504

0.05 0.10 0.15 0.20

f (mm/tr)

Figure 5. The variation of average roughness Ra with the fes revolution f.

Corrosion resistance

The evolution of the corrosion potential was stddegth the machined surface
behavior. This study consists in examining the atayn of the polarization
resistancerp, the corrosion current density: and the corrosion potentiBkorr,
with the average roughneRa of UNS S31600 workpiece in superfinish turning.

0.003 5 —_—1

0.002 4

0.001

1/ (uA/Cm*)

0.000 4

E (V/ECS)
Figure 6. Potentiodynamic curves obtained from machinectiapens with different
superfinish parameters.
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The potentiodynamic curves obtained from machingeecisnens with different

superfinish parameters were compared in Fig. 6. sfigeimens were machined
in different values of the cutting speed, the feed the depth of cut. The
roughness parameters after the superfinish tuneisig and the physico-chemical
parameters were represented in Table 5.

Table 5. Variation of average roughness with the polararatresistance Rp, the
corrosion potential & and the corrosion density of curreg

o f ap Ve Ra Rp Ecor I corr
(mm/tr) (mm) (m/min) (um) (Q.cn?) (mV/ECS) (mA/cm?)
1 0.05 0.75 125 0.512 30000 318 12055
2 0.10 0.25 100 0.601 1290000 -320.1 1260.0
3 0.10 0.50 100 0.789 1290000 -304.6 2818
4 0.10 0.75 150 0.741 36410 -305.9 1001.4
5 0.15 0.25 125 0.902 1800000 260.7 290
6 0.15 0.50 150 0.960 1250000 2404 218
7 0.15 0.75 150 1.089 380280 2308 4189
8 0.20 0.25 125 1.215 1254448 2145 218
9 0.20 0.25 150 1.332 186960 2163 209
10  0.20 0.50 100 1.476 1180000 2221 1.0
11 0.20 0.50 150 1.575 689440 232.4 1108
12 0.20 0.75 75 1.490 322810 2904 941
13 0.20 0.75 100 1.774 25400 2969 1024.8

Fig. 6 and Table 5 indicate that the average roeghnmpact the passivation
processes of UNS S31600. The current-potentialesurvere influenced by the
average roughned3a. The domain of inertia is the same for all specisme
However, the active domain has established diftgreatcording to the average
roughness of UNS S31600. The corrosion potential éranobled since -320
mV/ECS to -210 mV/ECS.

The corrosion current density was varied with theface quality of the
workpiece. The average roughness value 1.7 (workpiece N°13)
corresponds to the current density 1.02A8m?. This value of dor increases to
1.0014 uA/cm? for an average roughness lower (Ra=0.761), as far as the
current density increases to 0.09d¢A/cm? for the roughness 0.490m. This
observation approves the impact of the average hroegs in the corrosion
current density, and consequently in the corrosate of UNS S31600 stainless
steel. Whereas, the corrosion rate increases Wwéhricrease in the number of
pits, and corrosion potential decreases with deangathe surface quality of a
workpiece [16].

The potentiodynamic tests reveal that the corrogiotential of workpieces
machined in superfinish turning, increases witlreasing roughness values in a
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range lower than 1.8m. The higher quality of machined surface generates
lower potential. However, this increase has stoppken the average roughness
reaches 1.332um (Ecor=-216.3 mV/ECS). Then, the corrosion potential
decreases with increasing the average roughnesssvéFig. 7). Therefore, in

superfinish roughness range (values inferior tani), the more the surface

quality is higher, the more the corrosion potenigalower. This variationRa

according toEcorr) follows a polynomial interpolation of degree 3thvia 95%
correlation.

-220+
-240;

-260}

Ecorr (mV/ECS)

-280¢

-300;

-320- ¢

06 0.8 1 12 14 1.6 18
Ra (pm)

Figure 7. Evolution of the corrosion potential Ecorr witletaverage roughness Ra.
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Figure 8. Variation of the corrosion potentiatd& with the depth of cut ap.

The average roughness range [0.548; 1.332 um], where the corrosion
potential increases, is characterized by its lowes of depth of cut (0.25 mm
and 0.5 mm). Therefore, the other range (superf@nt1.332 um) is
characterized by a higher valueapf (0.75 mm). This remark is marked in Fig. 8;
the corrosion potential has increased clearly f{860nm value of depth of cut.
However, the potential is more stable for the ahealues (0.25 mm and 0.5
mm). The cutting depthp does not affect the residual stress for lowereslso
the corrosion behavior of stainless steel was nsbtable in this range [30].
Nevertheless, for greater values, the vibratiomeiases with the increase in the

15C
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cutting depth [31]. Therefore, the residual stngas appeared and accelerates the
corrosion reaction of the workpiece.

The cutting speed affects the corrosion poteniiake more the cutting speed
increases, the more the potential increases, edlyecmore the corrosion
resistance of stainless steel is higher. The autSpeed affects the plastic
deformation rate of the workpiece. When the cuttsgeed increases, the
corrosion rate decreases (Fig. 9). This increaseéh@é speed develops the
deformation rate. Consequently, tigohase of material was appeared, which
acts as non-protective component. This thin laperacterizes the rough surface.
On the other hand, for the smooth surfacesndy phases occupy greater area of
the workpiece, which acts as protective componEsit [

-2201
-230
-240 -
-250_ .- ~
-260
-270
-280 1 )
~230 p—

-300
-3104

Ecorr (mV/ECS)

75 100 125 150
Ve (m/min)
Figure 9. Variation of the corrosion potentialtdz with the cutting speed Vc.

Comparing this investigation with others in litenag, V. Zatkalikova et al. [16]
have affirmed that the pitting corrosion parametease been affected by the
average roughness of workpiece.

They have affirmed that the nobility of the stasdesteel decreases with the
increase in the average roughness values (Table 6).

Table 6. Corrosion resistance of stainless steel [18].

Surface treatment Ra fum) Rp (€.cn) Ecorr (mV)
Turning 3.00 2650 -123
Turning and pickling 2.44 -82
Shot peening 3.24 147 -150
Shot peening and pickling 3.48 -72
Abrasive blasting in 45° 2.64 130 -180
Abrasive blasting in 45°and pickling 2.24 -3
Abrasive blasting in 90° 4.32 120 -185
Abrasive blasting in 90° and pickling 2.30 -13

Also, W. Bouzid Sai et al. [11] arrived to the sarasults. They have revealed
that the decrease in the average roughness proib&emcrease in corrosion
resistance, and, consequently, the increase imgifiotential, caused by the
decrease of the residual stress. This decreasbecdue to the diminution of the
hardened layer of smooth surface (Table 7).
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Table 7. Corrosion resistance of stainless steel in differaanufacturing procedures
[13].

Procedure Ra fim) Ecor (MV/ECS)
T : Roughing 0.687 -200

Rt : Rectification 0.598 -75

Gt : Burnishing 0.160 -100
Grr : Rectification + 1.175 -300
Burnishing

The polarization resistand@p increases with the amelioration of the surface
qguality (smooth surface). The more the averagehmess is low, the more the
polarization resistance is high. This variation hgmlynomial interpolation with
91% correlation (Fig. 10).

D!_ il A ) L 1 | k: ._ ..
06 08 1 12 14 16 18
Ra pm

Figure 10. Evolution of the polarization resistance Rp vitie average roughness.Ra

The impact of cutting parameters, especially thptldef cut and the cutting
speed, was illustrated in Fig. 11 and Fig. 12.
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800000 -
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400000
200000

0-

Rp (Ohm.cm”2)

0.25 0.50 0.75
ap (mm)

Figure 11. Variation of the polarization resistance Rp wtike tlepth of cut ap.

The polarization resistance decreases clearly &fter 125 m/min and ap= 0.5
mm, so the corrosion resistance of stainless dlegrades. Therefore, the
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amelioration of UNS S31600 corrosion resistance ees to the higher surface
quality and the decrease in residual stress, caaspdcially by the chosen
cutting conditions.
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1400000 4
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1000000 4
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Rp (Ohm.cm”2)

400000 4
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Figure 12.Variation of the polarization resistance Rp whk tutting speed Vc.

However, the feed has not any significant correlation with the p@ation
resistance (Fig. 13).
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2000004
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0.05 0.10 0.15 0.20

f (mm/tr)
Figure 13. Variation of the polarization resistance Rp wtik feed f.

Conclusions

The superfinish turning of UNS S31600 stainles®lstdfects the localized
corrosion resistance. The results are groupedfetdollowing:

- In superfinish turning (Ra < im), the corrosion resistance of UNS S31600
stainless steel decreases, reducing the metal ludlisso However, in finish
turning (1 pum < Ra < 6.3um), the decrease in roughness value provokes a
diminution in corrosion potential.

- The depth of cut affects the corrosion potenfidie increase in this factor
generates the residual stress in the thin subsuléger, which causes a decrease
in potential, reducing the metal dissolution anel passivation layer.

- The cutting speed affects the corrosion potentislincrease\(c) degrades the
corrosion resistance and increases the corrositemial.

15¢
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- The polarization resistance increases with tleemse in surface quality with
91% correlation. Consequently, the amelioratiohef corrosion resistance with
the increase in surface quality of the UNS S316Q@bkpiece in superfinish
turning.
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