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Effects of stabilizing elements on mechanical and electrochemical characteristics of

stainless steel in marine environment
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Abstract: Stainless steels stabilized with Ti or Nb are largely used in offshore and shipbuilding industries due to its excellent
corrosion resistance. In this study, carbide stabilizers, Ti and Nb, were added to stainless steel 304 specimens with different
concentrations(Ti: 0.26%, 0.71%, Nb: 0.29%, 0.46%, 0.71%), and their mechanical and electrochemical characteristics were
evaluated. Micro-Vickers hardness testing was employed to characterize the mechanical characteristics with alloying elements.
Electrochemical evaluation techniques including Tafel analysis, cyclic polarization experiment, galvanostatic experiment were uti-
lized to compare the corrosion characteristics of the specimens. The result of hardness tests revealed that Nb containing speci-
mens showed increasing hardness with increasing alloying contents while adding Ti had little effect on increase in hardness. In
the case of electrochemical measurements, the electrochemical characteristics of the specimens were enhanced with increasing
Nb contents while they were deteriorated with increasing Ti contents. As a result, different stabilizers and their contents may
produce significant differences in electrochemical characteristics, and there such effect must be taken account of in development
of stainless steels for marine environment.
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Element
Alloy C Si Mn P S Ni Cr Ti Nb Fe
19Cr-9Ni-0.26Ti 0.06 | 083 173 | 003 | 002 | 949 19.02 0.26 ; bal.
19Cr-9Ni-0.71Ti 0.07 1.01 1.76 0.03 0.02 9.24 19.00 0.71 - bal.
19Cr-9Ni-0.29Nb 0.07 0.86 1.73 0.03 0.02 9.34 19.03 - 0.29 bal.
19Cr-9Ni-0.46Nb 0.07 0.87 1.71 0.03 0.02 9.40 18.94 - 0.46 bal.
19Cr-9Ni-0.71Nb 0.06 0.84 1.70 0.03 0.02 9.23 18.87 - 0.71 bal.
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Figure 1: Micro-Vickers hardness with Ti, Nb contents of

stainless steel
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Figure 3: Cyclic polarization curves in seawater with Ti, Nb contents of stainless steels
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in sea water with Ti, Nb contents of stainless steels

1090



3

E

-1

keS|
S}

EREERE!

o

&7

o~
T

CER

E

#el AR 5

A~

Zhel whE Z=H 1 E

=]
T

2~
oz

By S omo W R TN M TR TR NT RN o
MU OB L ERIE TN O TR g TR g T ok e T
M 3 %ﬂrm_w%@CgEiﬂ%ﬂ%%mﬂ{ewﬁ%ﬂ%,ﬂ‘ﬁoﬂ%
e E T N R T R A N e o N T e EE o g 2
Xﬂﬁmmo ,lEQﬂ.OIC.A‘tEW ﬂAlLJI H.Mﬂuuﬁwﬂoqﬂ,mooﬁaﬁlo_qgﬂmuﬂ Z
PP hernxip gl BErx P 5aBZF L |5
EL g awE 2 E Ty gﬂsamm.n%mo%wyﬂmq =
B - . e} T W
He o ol SR sl 2855 TxTH
AW% g2 2 Bt <N o O E B o L e mia.aumwr
TR IR TN gyt R e EmA g FEF W
H X gt @YX Rl X 0% 8 % - Z 4
oo~ M S B oo — g LB ET g = o X R m
Ee s T iH e et TR T pe g al S8 TE W g o
JlLE,l;ol \A_l.A]_I:H,OIL.UT_MQH_Aﬂ?.]r LOTJIL,‘%EN_.O7A
xLoLJliﬂ._]ilom»7 o, R 7 v O N 2 o
. X WI iy B jo® B 3 e NJ =y puri T gl oMo . A4 ) Z
T B o o M o i BK o =~ TR 2 B g <
2mmMo#ﬂ|ﬁ_.o_ioﬂAWMﬂat& tﬂ.%ﬂ%ﬂ.%%ﬂﬂui%ﬂ_mm qmup.vi%o 3
S X = o ) - qp o ) =
< FT TR R I LI LA AT o aw
S 0 — = v 1 =y o
Lo ~H _xoToﬁAIWAu]ﬂu_anE u._,ﬂ R " o—
ﬂWim_ﬂﬂr.n_rmﬁoﬂﬂ:t7Aﬁmgﬂuoﬂbﬂo}%i%ﬂn%odﬁﬂbfﬂw}o%o
i JJ) T U WA o w o o XX
,XEO_\OIMMJAlﬂ\OIU@LI ﬂ”,OIZOiE‘_J_AIﬂAIL‘UI:i J_Llﬂmu‘DrL E‘#m\ﬂl&l
GEEBEET SR g LGSR T Bl TRHEY T
A i < Cill =z < T
T Pe PRI el N T RTR N Ty g qa 2
T 2o M ogr S 7 = T OB R T T S B AR = Z
TATHTWTITHRUBEBHRHDR T T e RENT S a
S
e T R o g ROM BB BT o A akE e T
Mo ygTO g g RS H W R M X S O =g o
g 2 = 2 TRk TS o g WM T N e T
of L T o4 g ST Bh S T %0 L TR = ) =
@Wﬂ T8 T 2w AR S N R BT NIl
F S (TR - R DMNQ%QV?%%HE%}Q o «
Do o W T LS g B oo N = TR L9z E —
AlmLmozwr_nmn_mo o of X § loﬂmraﬂﬁﬂuleEmEénm =
= B oy e o 4 2 o o = PE O m R . S =
N et =] < H~ © o) — oo R T S a N
Wﬁ Lf 151 ] BN ) o BT o IR~ o X P =
) ~ T o oo L B - 2 L o X e g K =)
BEE T EESE SRS SRR L L PP
—_ = = — _ 2»%}2 oy
@%ﬂxﬁmw%ﬂﬂﬂeﬁ%ﬁwéiﬁoo.ﬂﬂm_cﬂméﬂﬂzm,
) — I - — 2/ 22 ]
S AR B T SN N
3 T = - v~ = o — O ¢ - M -
ﬂaﬂwoﬁw_ﬂww%w.emmmmrmmﬂﬁw1m%fwm%uony T+t
. — " o ! X T o O A S PG =
Foa PP g, PRl HRE P S TR _
~FFE R, P S PO ol Ny oYW =
7T_I§ ;ﬂ_AI\.X_.oMA_H ,.lmLOEWm HEJIL, USME o g U‘mﬂﬂ %
MW= T X TN & S o omE N o WU or Bow ook X ok 5o $
[ LA 00 w2 4o = o = S
s T o B g By O RT o R oo o R
SWwa® Mo T IR T B e R Qe
sSwaHTuzh g = g BT R o T T B
DT T B R W E S oo - B =T R R S
. T —_ wn g < B2 W OE = T A sy Mo E < :
A e Sy Sy STTEEER Ry
ﬁ%m.%ﬂ%%ﬂ%mbwmﬂg QNM%WQANE m%ﬂ%@% wzm wzm mzm wzm
FERT o AU EP 2RI S e g w Eo ¥ o 23 | 23 | B3 | Z3
o mh o oMo 2 Mo X WA RT ST A YT s %W SN o

1091

S 1)

Figure 5: 3D analysis after galvanostatic experiment in seawater with Ti, Nb contents of stainless steels
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