38 1 :87-94 2016 1
Chinese Journal of Engineering Vol.38 No.1: 87-94 January 2016
DOI: 10.13374/j. issn2095—9389.2016.01.012; http: //journals. ustb. edu. cn

316LN

12) 12)X 2)
1) 100083
2) 110016
X E-mail: ehhan@ imr. ac. cn
316LN N
316LN
50 pm
316LN . ( )

TG142.71; TG174.1

Effects of surface state on the electrochemical corrosion behavior of nuclear grade

316LN stainless steel
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ABSTRACT Differences between the ground and mechanically polished 316LN stainless steel were characterized on the surface
topography surface residual strain and electron work function. The electrochemical behavior of the stainless steel was investigated in a
borate buffer solution. The ground 316LN stainless steel is featured by a rougher surface with scratches along the grinding direction.
Compared with the mechanically polished sample a thicker cold-worked layer ( ~50 wm) is imparted by surface grinding indicating
that the residual strain on the ground surface is much higher. The ground surface is more electrochemically active and exhibits a larger
corrosion rate in the borate buffer solution because of its rougher surface topography and a higher residual strain. The passive film on
the mechanically polished sample is more compact and protective due to the decrease of acceptor and donor density and the increase
of total impedance of the passive film.
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Fig.2 Microstructure of 316LN stainless steel: (a) GAM mapping; (bH 001
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Fig.1 Sketch of the microhardness testing sites on the cross-section—
al surface
25C
( SCE)
( ) 0.1mol-L"" H,BO, +0.075 mol-L"'
Na,B,0,
pH 8.76 (25 C).
-1.0V
10 min
(OCP) 20 min
0.050 V
ImVes™'.
0.4V 40 min
( EIS)
10kHz 0.1 Hz 10 mV
Zsimpwin
2 316LN . (a)
2.2

Mott—Schottky ( M-S)

1000 Hz -0.7~0.8V.
50mVes™'. Helmbholtz
Mott—Schottky
12 n p
1 2 kT
= -E, -— co(1
c’ aaoeND( 8 ) " (D
1 2 kT
—=- E-E, -— - (2
c’ aeoeN:\( ks e) P (2)
N, N, e
(1.60x107° C) & £
(8.854x10 " Fem™") k
(1.38x10 2 JeK™") T E
E,, . (1) (2) ¢ E
e =12
kT/e 25 mV B
(N, Ny)
EFB
2
2.1
316LN 2. 2(a)
( GAM)
157.2um.  2(b) 001
( IPF)
(b ool

IPF mapping



« 90 -

38 1
. H 4
“ » “« ”» H
3 316LN . (a) i (b)
Fig.3 Surface morphologies of 316LN stainless steel: ( a) ground; (b) mechanically polished
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Fig.4 Three-dimensional surface topographies of 316LN stainless steel: ( a) ground; ( b) mechanically polished
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Fig.5 Microhardness ( HK) on the cross-sectional surfaces of the

ground and mechanically polished samples
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Fig.6 SKPM measurements of 316LN stainless steel: (a) ground; ('b) mechanically polished; ( ¢) potential distribution along red lines plotted in
Fig. (a) and (b)
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Fig.9 Bode diagram of the passive films on the ground and mechanically polished 316LN stainless steel in the borate buffer solution: ( a) phase an—

gle; (b) 1Z1 value
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316LN stainless steel in the borate buffer solution 316LN p
R./ CPE/ R,/
(Qecm?) (Feem™2) " (Qecm?)
15
41.02  2.714x107°  0.9331  1.016 x10° :
E E
3701 1.763x10°5  0.9282  1.652 x 10° " "
. M-S
a3 s (N) (N 10( b)
316 LN N, N, 10" em ™’
M-S 10 ) (1) 13 .
(2) I (-0.45~0.25V) N, 2
316LN N, 1.7

10 316LN . (a) M-8 ;(b)
Fig. 10  Analysis results of the passive films on the ground and mechanically polished 316LN stainless steel in the borate buffer solution: (a) M-S

curves; (b) defect densities
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