CORROSION SCIENCE AND TECHNOLOGY, Vol.20, No.5(2021), pp.295~307

[Research Paper]

ASX

£ Zx W e-carbide (Fe,,CVPt 54

pISSN 1598-6462 / eISSN 2288-6524
DOI: https://doi.org/10.14773/cst.2021.20.5.295

al
=

2SS0 0)%s Y

TEIPEAR
R EHE 212
&

—_

o7

]

i

SCiH|1.

=]
ELACY Nl
&3
o
o

yER2. gyE

} AP 34 F9E 255
Aebehie gopal xR 8

-

021 99 304 A<, 2021 102 159 =4, 2021 102 159 A=)
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Effects of e-carbide (Fe, ,C) on corrosion and hydrogen diffusion behaviors of ultra-strong steel sheets for
automotive application were investigated using a number of experimental and analytical methods. Results
of this study showed that the type of iron carbide precipitated during tempering treatments conducted at
below A, temperatures had a significant influence on corrosion kinetics. Compared to a steel sample with
cementite (Fe,C), a steel sample with e-carbide (Fe, ,C) showed higher corrosion resistance during a long-term
exposure to a neutral aqueous solution. In addition, the diffusion kinetics of hydrogen atoms formed by elec-
trochemical corrosion reactions in the steel matrix with e-carbide were slower than the steel matrix with cemen-
tite because of a comparatively higher binding energy of hydrogen with e-carbide. These results suggest that
designing steels with fine e-carbide distributed uniformly throughout the matrix can be an effective technical
strategy to ensure high resistance to hydrogen embrittlement induced by aqueous corrosion.

Keywords: Ultra high-strength steel, Tempering, Corrosion, Hydrogen diffusion, Iron carbide

Corresponding author: sjkim56@scnu.ac.kr
HRA HARRY, SR SAbabY, S A, A
2 ug

295

294 791 (equation (1)-(3))°ll%=
22 HA T A o] Bal
=3 St [7-9].

Fe —» Fe*" + 2¢

(M

Fe** + 2H,0 — Fe(OH), + 2H" )



JIN-SEONG PARK, DUCK BIN YUN, HWAN GOO SEONG, AND SUNG JIN KIM

H +e¢e > H

~
W
~

wpebd, e AAe B Az T 9E T
M Fa AN R Y 5 F =
2] AHg I FRE FHOR A &% olstelA
Y-S FrHoR sk gle 7]
A Ul TS iron carbide AES _%EH%]-O% A E
o] FAmke-& =X Hrt [4]. 2
4B FaFEEA e H?SH TheF ?:5_ E“E?ﬂ 7=
[e) ;g-
le__'_

2 30
(m
BN e

9?
o
rlr
5
2w

o O&L

kel Tisk A [10,11] HE3F o] Fo]x] 1 Qlont,
71808 FAA wEE= S U AR 2pA| <]
A TN digk A5t s ojof & Aol
%lt‘ll-xj'gi u].EEJIA].o]Eyq] 71—;<HE‘—_ EH"]‘OE Ei]jllao
Al, |l e &5of el AE % iron carbidet A
o7 ch-xng' Zo] 2321 epsilon carbide (Fe,,C)9} 2t
2l AIHIEROIE (Fe,C)Z T2 4= A=dl [12,13],
o5 7122 un] A7isieta HL7t Eof a2
Zu% st 717 9] = STt [4]. &t
A 4 ov, g, A7), ¥ ‘goﬂ e} F-2A
= I LN g]—/\]—/Eaﬂ AEo Aoldt 5= 9
t}. 53] ’2}013& Z7F 2 9 iron carbide’} 7<)
A7) 5 MAT vX= Fe2> FH
Us AoR ]”ﬂ#tﬂ “Hfﬂ 23T T AAE Y
o% RyE AFAE= g F53h %]r% AU
sk S ehst Aot whebA, & AT Aol Bl
L5 59 4&%+= iron carbide’} 7oLZH91 72 gl

Hfé ix] 6‘]-

Jf‘!“
m

/“?lﬂ*'i‘ TDS (Thermal desorption
spectroscopy) 28 wjAISIaL 80°C o3k A|2-of A
FAE = A7|sete FaFRds BEdE sadat
o] FRHEFAFTS olastaat A3S AAlste] 4
AdelvAs A% EE3ith
2. B
21 A[HEH| W OjM=E] 24
2 ATE S &A= 1.8GPa 7 oY IS
2 2t 23T FAE 04 ~ 05wt% C, 1 ~
13wWt% Mn, 0.2 ~ 03 wt% Siz T2 /3t
AUtk Al A S8l A= 1200 °Cold 2A13F &
QF A & a2 W A2oll4 2mm A AEHS]
ok A& Al 20 e AR SRS $8) 930°C
oA 733t F-A41 $ Flskslal, o] % A% iron carbide
o] T+ 4 Yo Afol& T7] 28l 200°C (200T) 2
300°C (300T)2] &LollA 242t 4531t HH s 538
a3t

296

AAg & wAzA & %—;— 918l SiC Paper #24007}
A sA o w2 ‘?i‘j]' T 1umZ7HA] mA Avks 573
3F322™ 5% nital (5 mL HNO, + 95 mL ethanol) £
el oF 3% 718 31814 oS SRl o] % A
WAL FAPAAFE R 7 (Field emission scanning electron
microscopy, FE-SEM) %! A%} 3742497 (Electron
back scatter diffraction, EBSD)E ZH-8-3}o] v]A x2S
sk o, lErlﬂ'zdx]'fﬂu]7§(Transmission electron
microscopy, TEM)= &3t v|HZ2Z U] vlA H&5&E &
712 /*aﬂo]_oﬂq_ EBSD ‘ﬂ/\—],] oT, 20 kV-/] 7].._,1_;{]_
%, 1nAS] ¥ A5, 50nme] 574 1149 A4S vke
o7 FHSI

220|815 A HE BN ® FAHRE

A7)13et4 JAAE +31 % = (Working
electrode, WE), 7|55 = (Reference electrode, RE) 4! A}
t]3d=(Counter electrode, CE)S ©]-8-3F 3=2] F-2)4
A& flat-type?] F2] A ARSI A= 2 7]+
Ao 2 ZHZ) Pt mesh W X3} 7% 7= (Saturated
calomel electrode, SCE)°] A=t} H7]3ksh%] &=
A o] 739, 3= 3 (Linear polarization resistance,
LPR) 4 ?Jﬂﬁi(Electrochemical impedance spectroscopy,
EIS) Aglo] el %] om 35% NaCl £ ol 168
AIZRe] A 717E s Zzke] A ddo] xaH it AF
A ARde] 49, e 2749 (Open circuit potential,
OCP) tH] -20 mVeld +20 mV7FA2] 977 0.2 mV/
s9] AT HER T en & U IA 5 3, 48,
144 A|7HellA] S5 A3esitt. F59 A3 dold=
Wagner-Traud (equation (4) [14]) & Stern-Geary (equation
() [15]) OIS 7IHHO 2 curve-fitting®] 5351, ©]
5 RARRNEG S EEekI,

, 2303(E-E,,) -2303(E—E
L= correxp|: B - B
a c

ANA i iy E E,, B, 2 iz A 57

(pA/em?), F-2] Xﬂ%‘j—cl‘C(uA/cmz) 7449 H(V) 2
ALAWV), o= Abshakg-of tigh Tafel 7]271(V/decade),
2= ShAnkSo] tigt Tafel 71871 (V/decade)S LERATE

. BB
Leorr = 2.303 x Rp x (ﬁa+ﬂc) (5)

o714 Rz A Qem’)S HERITH

Qlmlel s AF e A9 OCP ] £10 my Hele] A
S1E WHFE 7K, 100k ~ 10 mHz =24 1 ¢ )
oA St AF-E F3 53 Nyquist plot 5
7hel RS v o R Jlgste] BAATR), FAEEE/

corr):| @

5] unh:

CORROSION SCIENCE AND TECHNOLOGY Vol.20 No.5, 2021



EFFECT OF &CARBIDE (Fe, ,C) ON CORROSION AND HYDROGEN DIFFUSION BEHAVIORS OF AUTOMOTIVE ULTRAHIGH-

STRENGTH STEEL SHEET
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Fig. 1. Schematic diagram of the electrochemical hydrogen
permeation equipment

Fig. 2. Microstructure observation of the samples using FE-
SEM and TEM: (a,c) 200T and (b,d) 300T
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Fig. 4. (a-c) Linear polarization resistance curves of the samples, evaluated in a 3.5% NaCl solution: (a) 3 h, (b) 48 h, and (c¢)
144 h, and (d) change in corrosion current densities with immersion times
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Table 1. Various corrosion parameters obtained by curve-fitting to LPR data
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Fig. 5. (a-c¢) EIS Nyquist curves of the samples, evaluated in a 3.5% NaCl solution: (a) 3 h, (b) 48 h, and (c) 144 h, and (d)

change in polarization resistance with immersion times
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Table 2. Various corrosion parameters obtained by curve-fitting to EIS Nyquist plot
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24h 21.1 123107 0.807 825.6 20.5 1.08%10° 0.845 1826
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Fig. 6. Galvanic current densities between the tested
samples after immersion in a 3.5% NaCl solution for 3 h
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Fig. 7. Weight loss measurement of the samples in a 3.5%
NaCl solution for 168 h
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Fig. 8. (a,b) Cross-sectional images of the samples, which was immersed in a 3.5% NaCl solution for 168 h: (a) 200T and (b)

300T, and (c,d) magnified images of (a) and (b), respectively
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Fig. 9. (a-¢) EBSD KAM map and (d) misorientation frequency distribution of the samples, which were tempered at 200 °C for
three difference times: (a-c) 30m T, 45m T, and 60m T, respectively
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Table 3. Lattice diffusivity, apparent diffusivity, and trapping parameters of hydrogen, obtained by electrochemical

permeation experiment conducted at three different temperatures

298K 323K 353K
D D D
app L app L app L
Sample (m?/s) (m?/s) @ (m?/s) (m?/s) @ (m?/s) (m?/s) @
30m T 6.42 x 10" 112.3 1.72 x 1071 48.7 3.82 x 10" 26.1
7.27 x 107 8.69 x 107 1.04 x 10°®
45m T 5.54 x 10" 130.2 1.50 x 10°1° 57.1 3.58 x 10°1° 28.0
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