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In this paper, tribocorrosion characteristics of 316L stainless steel were investigated. Experimental results
revealed that stability of chromium oxide film under corrosion conditions led to an increase in potential
and a decrease in corrosion current density. However, under tribocorrosion conditions, destruction of the
oxide film by friction led to a decrease in potential and an increase in corrosion current density. This was
because grain refinement and residual stress concentration on the surface caused by friction affected the
electrochemical stability of the oxide film. However, under corrosion conditions after tribocorrosion exper-
iments, the potential increased over time while the corrosion current density decreased due to reformation
of the oxide film. Nevertheless, it presented a higher corrosion current density than the corrosion condition
due to the influence of defects and residual stress caused by friction. Under tribocorrosion conditions, ini-
tial lubrication effect resulted in a low friction coefficient. However, after trans-passive potential, the fric-
tion coefficient increased significantly due to destruction of the oxide film. As a result, the wear track
appeared to be an area where the electrochemical reaction of corrosive ions was concentrated whereas the
surrounding area presented a relatively good corrosion protection effect.
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Table 1. Chemical composition of 316L stainless steel (Wt%)
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u = Friction coefficient

F = Frictional force

N = Normal force (Applied load)
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Ni Cr Mo C Si Mn P S Cu N Fe
10.17 16.9 2.01 0.022 0.61 1.03 0.033 0.029 0.281 0.011 Bal.
Table 2. Chemical composition and properties of seawater solution
Chemical composition(mg/L) Dissolved oxygen | Electric conductivity
cr Na* SO,> Mg** Ca** K pit (mg/L) (mS/cm)
15,721 8,401 1,746 1,121 357 344 7.9 16.1 453
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Fig. 1. Potential measurement of 316L stainless steel with
each conditions in natural seawater solution
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Fig. 2. Potentiodynamic polarization curves of 316L
stainless steel with each conditions in natural seawater
solution
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Table 3. Corrosion parameter after potentiodynamic polarization experiments of 316L stainless steel with each conditions in

natural seawater solution

Condition E,.(mV) B, (mV/dec) B.(mV/dec) i, (WA/cm?) R, (mQ-cm?)
Corrosion -125.572 643.6 69.1 0.881 30.755
Triboccorosion -434.691 209.6 224.6 382.208 0.123
After tribocorrosion -377.283 3242 77.3 9.941 2.726

L0 — 316L_DRY
—— 316L_Tribocorrosion
0.8 -
3.
E
2 0.6 -
2
= f
g i
: 0.4 H i iTrans-passivatiun
g b —*
E E il’us\i\;aliuni
= 02 Ml :
Activation H
h—n i
0.0 . 1 . i L1 I .
0 1000 2000 3000 4000
Time, sec

Fig. 3. Friction coefficient curves of 316L stainless steel in
dry and tribocorrosion conditions
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Fig. 4. Stereo-microscope image of 316L stainless steel with
each conditions

]

Fig. 4% vhEnbm Az, 14, ohas) o vha

BANE T RANRG 27014 316L Al A%

9 A9 AAAr Ao BEH Asfolr

2Hle) el B2 9l vl o) £k F
=

A
j
2203} Hlstel vk 2

M

AelA] phmEde] Yu)t gasgnt, wa, 14 27
oA o] Ee AMAOR skl ekkt 1
Pt ok 2 71eA] el olgk £yl B3] 7
aatoie. ol nhaA el whrEe Abse;
o A% shajol ols) A7|8keA wkgo] rhuEe
o= [FHo] W Jolel PP F2A RO
2 AFRET [27) B AY F R AEe A, &
W AN 2 Bajo] o)g ae] Uehetout, &4
Pl wa 2R A7) B, 2o nhrey
oA F-Aldgel Sol 27l Frheklnh vhaaa

& A7)31814 ukgol

Jo
fu
i)
ko
(m
)
0
ofl
oX,
RS
>
%
EL
1o
4z o
>,
>,
o
>,
B
>
lo

ulR Ee]| FE 1,

S A oR 2 AoR AlgHTh
Fig. 5% 316L 2H[Qlg|7de] §-2), mpab-2] ul v}
AN-AA8 T B8 2 Fagdde] dist
F2zlolof vu| 574 Axtolth. 316L AH|QlE| A%
F2 23elM 7P & FAzlolgl ynrt SAEH I
TEuh v 2eA] BAEY A7) AAsisich
53], 4 2703 wlaste] mpta] 22xdell A Haz)
olo} Luli= 747} 62.52%9} 83.57%2] ThAass UER
_’?‘_

o HE, nhYA) 2203 astel vy

|

Corrosion

Tribocorrosion

After tribocorrosion

639.732um

-gs

639.732um

R 630.732um

' '
o
0 641.652um 0 641.652um 0 641.652um
(a) 3D images
120 540
100 -
L 31.041 pm
80
(81.90 %) 520 -
g 60 - g
S 40l -63.241 pm £
g (-62.52 %) . 2 s00- J
£ 1w} H 200 - 63.01 pm
@ 3 7!1//
£ 3r g 1sop 44708 pm\— T72%)
C or SETTE (-83.57 %)
4 -
2 - 50 -
0 0

Corrosion Tribocorrosion After tribocorrosion

(b) Corrosion depth

Corrosion Tribocorrosion  After tribocorrosion

(c¢) Corrosion width

Fig. 5. 3D images and corrosion degree in corrosion region of 316L stainless steel with each conditions

198

CORROSION SCIENCE AND TECHNOLOGY Vol.24 No.3, 2025



INVESTIGATION TRIBOCORROSION CHARACTERISTICS OF 316L STAINLESS STEEL FOR SEAWATER PUMPS IN SEAWATER

DESALINATION SYSTEMS
3D image Profile
9459 20
£ A
315 — - - !
< Width : 527.411 pm A
510 i i
=
:Eo 5 Y
2 0 ‘ | | Depth : 12.024 pm
0 100 300 400 500 600 700 800 900
Length, pm
T 6
E 5f . !
2oL Width : 233.206 pm R
a2l
- =L A4
= 2 . ‘ | | | Depth:2.187 pm |
=g = 0 100 200 300 400 500 600
g Length, um
=]
= T 60
= £ 5ol
w2 639.732um 3 50 A
I " < 40 Width : 123.782 pm |
=1 ! E 30f Depth : 43.575 pm
220}
10} h 4
Y 0 1 1 1
= 0 1 00 200 300 400 500 600 700 800
. p 7 Length, pm
2ol 150
S- E 120l Depth : 103.652 pm
=3 " Iy ¢ > A
= 2 90 idth : .
& > ! g Width: 516.264 pm
g = £ 60F |
S g I S | | | | P
5‘ H 0 100 200 300 400 500 600 700
= 0 641.652um Length, pm

Fig. 6. Wear and corrosion degree in wear track of 316L stainless steel with each conditions

FAA s 24 Falzlo) gl ynle] Srbe2- 77t
81.90%%} 71.72%% YERILE o] A A vhe}
Eo] u}zu?_/yl 7\7-101]}\1 H/\UH o]%oﬂ ‘/]6‘]— 7(-]7]:@]_6‘]—

2 qhgol] nhREde] o] 1 FAGARAEY
golye i ow WA IS ekl 2 onldt

Fig. 6= 7%, vpah-2a] 9l vz A 49§ 2244
33k 27104 316L AH|SIE A% nirE B A
o]t 745_ Z7o A niEE ] Zlo]el Ln]= 72t
12.024 pm % 527.411 pm= SHE I}, 22} wpzEt
) }_ﬁoﬂ/ﬂ npp el zlolol 1u]E: ZH2} 2.187 um
9 233206 um= 713 277 Hlwske] 7HAskeict o]
5o SE82E 9 vpEd ghaef o3t wpEAlS
o] 71018 = Ao R AlR Y B vl EoA
Ha] Eayo] wEElon, 1 Zolet Yul= 7h7
43575 um @ 123.782 umE U 21E 17431 RN
JA(Fig. 5l BZE F2210](37.899 um) = -4
48] (87.853 pm)Ett A SH AT} o]= U}é@r*—]

CORROSION SCIENCE AND TECHNOLOGY Vol.24 No.3, 2025

Fo A mtRE ] H7]3}8H4 ykgo] p-Alske] LhEt
WAoo R Al Ent rfREe] P49 A B4 nf
ﬂu}ﬂ Al A HERR S A A S8adE dE

T U [28]. PREFAAE F R 27N
U}EE?%*-OJ HAEG A7) A8 Skl 53],
/\1 oﬂoﬂ(Flg 5)01]1\1 g 1A
7;201(68.940 pm) *;1 HH](150.869 um)K.t} =17 é
AUTE. o] mpEtwlRe)] oJ3)] HFAdE miREH | s}
v AT =& F-gHel 7]Qlsit

r K

m&m

4.4

ATl = ElTETst AR g o®
AFEEE 3161 AHE|QIE AT ] dial] dAsiarelA v}
A EXS dgelglon, 0 Aile theat 2

FANETAE A, KA 2713 v|wste] wpE
2 7oA F-a] 9 pEE H9E fhasielom, -

199



DONG HO SHIN AND SEONG JONG KIM

)Jx% uéc_h; .1_7]_-5]_031;]_ J_E_l
Stof MR A § AT 2ol A
asiiont, F4 Rt 48] B4 =
o} ol whEhwiRe) ofgh mpRE=S] {3 FT),
AgH vlAsE 9 Aeh |@/go] 2
N7l R0 Abrgc
sl 27 Aot A% 23 ulmste] vk
27 vhEAGE Aastg. ol sl S8R
] = R el B B e el e R R
o wet vpRslGE Wakellt) Sal, s 3
28] Al vhaASE Sk
w4 Az, 24 270604 &
#aw g, e uww
shrEele] [%5E 9o, ?tﬁ
WA EE Vepich, shRaAg F
F 2ol vhEEee] R27)o]g) Uul: @
7FEtgie. ol whavlRel 3] 44w At
g 7kl 711%.
A7) AE Sl vpEE-Ao] ot nfREY o

"U A71skey wkg AE mAYUSES olgsto] v
BA AEA] SkARS Q)5 AAe AR 2 WA e A
M) Fhse Aoz Alnwrt 530, 5 g A
~Rle) S PE) ta e Ul Be
g VxARE 289 5 e Ao oA,

E

¢

}*N 29
03 ["_|_4 [

12 2

}

ke
rE
2
o
it

= 0%
o

0 02
flo >

o T
> O 4t

oo ofN mdt I 1> 1>

(e}

>

HU
x“‘”:
o 4

1

=
E

@ o iy

aAte =

o] TS 20249 % - %H)g] Aqg oz skl
A e dAR o] AleE ol e A

References

1. A. Shokri and M. Sanavi Fard, Corrosion in seawater
desalination industry: A critical analysis of impacts and
mitigation strategies, Chemosphere, 307, 135640 (2022).
Doi: https://doi.org/10.1016/j.chemosphere.2022.135640

2. M. Qasim, M. Badrelzaman, N. N. Darwish, N. A. Dar-
wish, and N. Hilal, Reverse osmosis desalination: A
state-of-the-art review, Desalination, 459, 59 (2019).
Doi: https://doi.org/10.1016/j.desal.2019.02.008

3. N. Voutchkov, Energy use for membrane seawater desali-
nation - current status and trends, Desalination, 431, 2
(2018). Doi: https://doi.org/10.1016/j.desal.2017.10.033

4. F. Yin, X. Kong, H. Ji, S. Nie, and W. Lu, Research on
the pressure and flow characteristics of seawater axial

piston pump considering cavitation for reverse osmosis

200

desalination system, Desalination, 540, 115998 (2022).
Doi: https://doi.org/10.1016/j.desal.2022.115998
5. N. Larché and P. Dézerville, “Review of material selection
and corrosion in seawater reverse osmosis desalination
plants,” Desalin. Water Treat., Vol. 31, No. 1-3, pp. 121-
133, 2011, Doi: https://doi.org/10.5004/dwt.2011.2362
6. N. Larché, P. Dézerville, D. Le Flour, P. Vinzio, K. H.
Kofler, and D. Thierry, Corrosion of stainless steel com-
ponents in seawater reverse osmosis desalination plants—
investigations on adapted internal cathodic protection,
Desalination and Water Treatment, 55, 2478 (2015). Doi:
https://doi.org/10.1080/19443994.2014.939499
7. Y. Li, Z. Zhou, and Y. He, Tribocorrosion and Surface
Protection Technology of Titanium Alloys: A Review,
Materials, 17, 65 (2024). Doi: https://doi.org/10.3390/
mal7010065
8. S. Alkan and M. S. Gok, Effect of sliding wear and elec-
trochemical potential on tribocorrosion behaviour of
AISI 316 stainless steel in seawater, Engineering Science
and Technology, an International Journal, 24, 524
(2021). Doi: https://doi.org/10.1016/j.jestch.2020.07.004
9. Y. Zhang, X. Yin, J. Wang, and F. Yan, Influence of
microstructure evolution on tribocorrosion of 304SS in
artificial seawater, Corrosion Science, 88, 423 (2014).
Doi: https://doi.org/10.1016/j.corsci.2014.07.062
10. E. Liu, Y. Zhang, L. Zhu, Z. Zeng, and R. Gao, Effect of
strain-induced martensite on the tribocorrosion of AISI
316L austenitic stainless steel in seawater, RSC
Advances, 7, 44923 (2017). Doi: https://doi.org/10.1039/
c7ra07318f
11. J. S. Lee and S. Park, Effect of Phosphate Surface Treat-
ment on the Localized Corrosion Resistance of UNS
G41400 Steel, Corrosion Science and Technology, 22, 429
(2023). Doi: https://doi.org/10.14773/CST.2023.22.6.429
12. P. Henry, J. Takadoum, and P. Bergot, Depassivation of
some metals by sliding friction, Corrosion Science, 53, 320
(2011). Doi: https://doi.org/10.1016/j.corsci.2010.09.038
13. W. C. Jung, D. Han, and M. S. Kong, Evaluation of Cor-
rosion Characteristics of 316L Stainless Steel for Semicon-
ductor Processes Exposed to Dry and Wet Chlorine Gas
Environments, Corrosion Science and Technology, 24, 21,
(2025). Doi: https://doi.org/10.14773/cst.2025.24.1.21
14. A. Lépez-Ortega, J. L. Arana, and R. Bayén, On the
comparison of the tribocorrosion behavior of passive and
non-passivating materials and assessment of the influ-
ence of agitation, Wear, 456-457, 203388 (2020). Doi:
https://doi.org/10.1016/j.wear.2020.203388
15. A. Dalmau, C. Richard, and A. Igual - Mufioz, Degrada-

CORROSION SCIENCE AND TECHNOLOGY Vol.24 No.3, 2025


https://doi.org/10.1016/j.chemosphere.2022.135640
https://doi.org/10.1016/j.chemosphere.2022.135640
https://doi.org/10.1016/j.desal.2019.02.008
https://doi.org/10.1016/j.desal.2019.02.008
https://doi.org/10.1016/j.desal.2017.10.033
https://doi.org/10.1016/j.desal.2017.10.033
https://doi.org/10.1016/j.desal.2022.115998
https://doi.org/10.1016/j.desal.2022.115998
https://doi.org/10.5004/dwt.2011.2362
https://doi.org/10.1080/19443994.2014.939499
https://doi.org/10.1080/19443994.2014.939499
https://doi.org/10.3390/ma17010065
https://doi.org/10.3390/ma17010065
https://doi.org/10.1016/j.jestch.2020.07.004 
https://doi.org/10.1016/j.jestch.2020.07.004 
https://doi.org/10.1016/j.corsci.2014.07.062
https://doi.org/10.1016/j.corsci.2014.07.062
https://doi.org/10.1039/c7ra07318f
https://doi.org/10.1039/c7ra07318f
https://doi.org/10.14773/CST.2023.22.6.429
https://doi.org/10.14773/CST.2023.22.6.429
https://doi.org/10.1016/j.corsci.2010.09.038
https://doi.org/10.1016/j.corsci.2010.09.038
https://doi.org/10.14773/cst.2025.24.1.21
https://doi.org/10.14773/cst.2025.24.1.21
https://doi.org/10.1016/j.wear.2020.203388
https://doi.org/10.1016/j.wear.2020.203388

INVESTIGATION TRIBOCORROSION CHARACTERISTICS OF 316L STAINLESS STEEL FOR SEAWATER PUMPS IN SEAWATER
DESALINATION SYSTEMS

16.

17.

18.

19.

20.

21.

22

CORROSION SCIENCE AND TECHNOLOGY Vol.24 No.3, 2025

tion mechanisms in martensitic stainless steels: Wear, cor-
rosion and tribocorrosion appraisal, 7ribol. Int., 121, 167
(2018). Doi: https://doi.org/10.1016/j.triboint.2018.01.036
M. Sato, N. Tsuji, Y. Minamino, and Y. Koizumi, Forma-
tion of nanocrystalline surface layers in various metallic
materials by near surface severe plastic deformation, Sci.
Technol. Adv. Mater., 5, 145 (2004). Doi: https://doi.org/
10.1016/j.stam.2003.10.015

F. Ben Saada, Z. Antar, K. Elleuch, P. Ponthiaux, and N.
Gey, The effect of nanocrystallized surface on the tribo-
corrosion behavior of 304L stainless steel, Wear, 394-395,
71 (2018). Doi: https://doi.org/10.1016/j.wear.2017.10.007
H. Zhang, P. Xue, L. H. Wu, Q. N. Song, D. Wang, B. L.
Xiao, Z. Y. Ma, Effect of grain ultra-refinement on cor-
rosion behavior of ultra-high strength high nitrogen stain-
less steel, Corrosion Science, 174, 108847 (2020). Doi:
https://doi.org/10.1016/j.corsci.2020.108847

A. Mazzu and G. Donzella, A model for predicting plas-
tic strain and surface cracks at steady-state wear and
ratcheting regime, Wear, 400-401, 127 (2018). Doi:
https://doi.org/10.1016/j.wear.2018.01.002

A. Moshkovich, I. Lapsker, Y. Feldman, and L. Rapoport,
Severe plastic deformation of four FCC metals during
friction under lubricated conditions, Wear, 386-387, 49
(2017). Doi: https://doi.org/10.1016/j.wear.2017.05.018
M. G. S. Ferreira, A. M. P. Simdes, C. Compere, B. Ron-
dot, and M. Da Cunha Belo, Semiconducting behaviour
of stainless steel passive films in contact with artificial
seawater, Materials Science Forum, 289-292, 887
(1998). Doi: https://doi.org/10.4028/www.scientific.net/
msf.289-292.887

. Z. Wang et al., Passivation behavior of 316L stainless

23.

24.

25.

26.

27.

28.

steel in artificial seawater: effects of pH and dissolved oxy-
gen, Anti-Corrosion Methods Materials, 68, 122 (2021).
Doi: https://doi.org/10.1108/ ACMM-09-2020-2367

L. Chun-Ying, M. Wei-Ti, G. Ming-Der, and L. Hung-
Bin, A study on the corrosion and wear behavior of nano-
crystalline Ni[sbnd]Mo electrodeposited coatings, Sur-
face and Coatings Technology, 366, 286 (2019). Doi:
https://doi.org/10.1016/j.surfcoat.2019.03.048

S. Mischler, A. Spiegel, and D. Landolt, The role of pas-
sive oxide films on the degradation of steel in tribocor-
rosion systems, Wear, 225-229, 1078 (1999). Doi: https://
doi.org/10.1016/S0043-1648(99)00056-3

S. Cao and S. Mischler, Modeling tribocorrosion of pas-
sive metals - A review, Current Opinion in Solid State
and Materials Science, 22, 127 (2018) Doi: https:/
doi.org/10.1016/j.cossms.2018.06.001

B. Zhang, J. Wang, J. Yuan, and F. Yan, Tribocorrosion
behavior of nickel-aluminium bronze sliding against alu-
mina under the lubrication by seawater with different
halide concentrations, Friction, 7, 444 (2019). Doi:
https://doi.org/10.1007/s40544-018-0221-y

D. H. Shin and S. J. Kim, Effects of hard anodizing on
mechanical and electrochemical characteristics of alumi-
num alloys under tribocorrosion condition, Corrosion
Science, 240, 112503 (2024). Doi: https://doi.org/
10.1016/j.corsci.2024.112503

B. A. Obadele, A. Andrews, M. B. Shongwe, and P. A.
Olubambi, Tribocorrosion behaviours of AISI 310 and
AISI 316 austenitic stainless steels in 3.5% NaCl solu-
tion, Materials Chemistry and Physics, 171, 239 (2016).
Doi: https://doi.org/10.1016/j.matchemphys.2016.01.013

201


https://doi.org/10.1016/j.triboint.2018.01.036
https://doi.org/10.1016/j.triboint.2018.01.036
https://doi.org/10.1016/j.stam.2003.10.015
https://doi.org/10.1016/j.stam.2003.10.015
https://doi.org/10.1016/j.wear.2017.10.007
https://doi.org/10.1016/j.wear.2017.10.007
https://doi.org/10.1016/j.corsci.2020.108847
https://doi.org/10.1016/j.corsci.2020.108847
https://doi.org/10.1016/j.wear.2018.01.002
https://doi.org/10.1016/j.wear.2018.01.002
https://doi.org/10.1016/j.wear.2017.05.018
https://doi.org/10.1016/j.wear.2017.05.018
https://doi.org/10.4028/www.scientific.net/msf.289-292.887
https://doi.org/10.4028/www.scientific.net/msf.289-292.887
https://doi.org/10.1108/ACMM-09-2020-2367
https://doi.org/10.1108/ACMM-09-2020-2367
https://doi.org/10.1016/j.surfcoat.2019.03.048
https://doi.org/10.1016/j.surfcoat.2019.03.048
https://doi.org/10.1016/S0043-1648(99)00056-3
https://doi.org/10.1016/S0043-1648(99)00056-3
https://doi.org/10.1016/j.cossms.2018.06.001
https://doi.org/10.1016/j.cossms.2018.06.001
https://doi.org/10.1007/s40544-018-0221-y
https://doi.org/10.1007/s40544-018-0221-y
https://doi.org/10.1016/j.corsci.2024.112503
https://doi.org/10.1016/j.corsci.2024.112503
https://doi.org/10.1016/j.matchemphys.2016.01.013
https://doi.org/10.1016/j.matchemphys.2016.01.013

