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The influence of static and dynamic hydrogen charging on the corrosion
and hydrogen embrittlement properties of 1 000 MPa high-strength steel
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(1. School of Mechanical and Electrical Engineering, Qingdao University of Science and Technology,
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Abstract: The corrosion and hydrogen embrittlement properties of 1 000 MPa high-strength steel in
seawater were studied through electrochemical experiments under constant potential hydrogen charging
conditions and slow strain tensile tests after static and dynamic hydrogen charging. The results show that
after electrochemical hydrogenation, the self-corrosion potential of the material shifts negatively, the
corrosion thermodynamic tendency is increased. The hydrogen evolution potential slightly shifts
positively, and the hydrogen evolution tendency is increased. The static and dynamic hydrogen charging
tensile tests of high-strength steel show that after hydrogen charging, the fracture mode of the metal
changes from toughness to cleavage and intergranular fracture direction, and the hydrogen embrittlement
performance is enhanced. The degree of embrittlement and damage caused by static hydrogenation is
much higher than that caused by dynamic hydrogenation. Compared to the prolongation of static
hydrogenation time, the effect of polarization potential on the hydrogen embrittlement performance of
materials is more significant.

Keywords: high-strength steel; hydrogen charging; corrosion; hydrogen embrittlement performance

R A AR AR LR MRIRESE SRR I, MR SUR Mk REIE R
PLsi, NN 2. HaTATE% SRS, T HEETEA ST 000 MPaZiil i i

Ui BHA: 2024-04-08 {&[E BHA: 2024-06-14
TEZEN: m00(1990—), o, ik, SRR, BFFLI7 HOAARNRE S B, email: 283922235@qq.com
BIEEE: REY1985—), Y, i, LRI, FFFJ7MAsh ) LRSS TRERWEE, email: 398386555@qq.com



2024 £ 12 A BiE 5K HACHE 120 A 3SIMD) .57

ENPE IR IS PR 5 e S T Pk RERIT FUIE B ), T
SRR 5 E AR AR T, SR T RGTHE SR
Ay RME 2, RPEafEsREM+HiEE. ¥
. BE, SBeRMEEMRASY, HEME
RIgskaditn, RIEUR M. 0 TSR TAERR N
A s R1EH, HAramRrEe, ARt
A& il i AR S AL E, R A
FARTCUDEE 3 53— R ELAR WA D9 fr A 1) B
A SR TN S RO,

ALK B SIS SRR RS, A

FABARAR A 264 T B2k ss, B S &R A s
1% B AS F A (SSRT) S 56, 0 LA T AEAS [ 78 0IR
AT, EJRTXE 000 MPag 7l i 5 Ji ke S v
BE IR

1 SIEMRSEE

1.1 SERHR
I AT 2 AR RN JEFE20 mmff)1 000 MPa
R, EELL R R L,

®1 SRMOETEWFRSER
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Fig.1 Shapes of tensile specimen
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Fig.2 Dynamic polarization curves of high-strength steel

under different hydrogen charging potentials
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hydrogen charging potentials
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Fig.3 Fracture morphology of high-strength steel before and after hydrogen charging (—800 mV)
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Fig.4 Fracture morphology of high-strength steel before and after hydrogen charging (—900 mV)

Wt b NN
(b) FHEREA 1M (c) BERA2H (d) BERA3 M
5 SRMASHENEO/SE (—1000mV)
Fig.5 Fracture morphology of high-strength steel before and after hydrogen charging (-1 000 mV)

)
!




* 60 Dec.2024

Plating and Finishing

Vol.46 No.12 Serial No.381

3 &

(D sedUatrRH B R AL 58, T
FHUARER, Hrea BRI IR, AR N
HEEE RSB0, wmrom N i B A A2
G, AN Tk AU R A

(2) FRiNNEl. FSTE AR LR Y, b
AL IR D RS AT S T AU TR 3 I, W5
A e BN R TR TT RV B4R, 7T AR
PR BTG SRR g on; S saExt
MBS B e AL A O R B B i T Bl &, AT
A FE AN T AN, WAk s A A R U BE AR
AL AT

S5 3H

[1] W80T, &0, B0, 5. 2219 AL N2Os i+
O i RRT]. A RS, 2018, 40(6): 33-38.

[2] XUZE. fiTH 5083 FlI 5059 4054 G OMF TR 63 D L AE XS LA
FUI). MUAERREEER, 2021, 43(13): 1-4.

B3] &, 87, fRot TEE R Eh B 0 A T8 T A i
Tl BB PRI Z A [T]. EE%EE*%%, 2022, 44(5): 13-20.

[4] FhkfR, FRdkE, XIZE. 1000MPa 2% 0Crl6NiSMo 4T
AU IERT FT[T]. 4 )8 2%k, 2015, 51(11): 1315-1324.

[5] mibely, SBEEEE, FKIGEE. 1000MPa g SR NI 1 1
SHERURERT L[], MEHFAR, 2017, 31(6): 93-97, 104.

[6] BattC, Robinson M J. Cathodic protection requirements for
high strength steel in sea water assessed by potentiostatic
weight loss measurements[J]. British Corrosion Journal,
2013, 37(1): 31-36.

[7] Cheng Y F. Analysis of electrochemical hydrogen
permeation through X65 pipeline steel and its implications
on pipeline stress corrosion cracking [J]. International
Journal of Hydrogen Energy, 2007, 32(9): 1269-1276.

[8] HEF, TEBK, Z4&1F, . 1500 MPa 2% 40CrNi3MoV

M ENERBURIE[T]. &I 1K), 2008, 44(4): 403-408.

[91 Rong W. Effects of hydrogen on the fracture toughness of a
X70 pipeline steel[J]. Corrosion Science, 2009, 51(12):
2803-2810.

[10] Maier H J, Popp W, Kaesche H. Effects of hydrogen on
ductile fracture of a spheroidized low alloy steel[J].
Materials Science and Engineering A, 1995, 191(1): 17-26.

[11] X2, BRbET. SAE Q960 ZHi N fid Hi[J]. LK
SR (AREIERR), 2013, 19(1): 61-66.

[12] YEBE, Wz, F4&, & WA 21-6-9 REKAAHN
PERESZ M FL[T]. MRS HR, 2014, 28(24): 479-482.

[13] FkfRm), BTRR, 208, &5 PIMRGRS T X65 HATERYL
WK SN BURE BT[], R i A A
2014, 34(4): 315-320.

[14] Xk, 2508, BRZRIE, 5. A FRER GPa HNJE Mk

BEAUZIAT]. LT RHE KA AR, 2022, 45(5): 334-338.

[15] o, ZFHE B, e, 5. SrEME RN Y Bk
SR RSIG BT FU[N]. 1% 55K, 2022, 44(4): T76-785.

[16] BN, i, HETH, 55 MS X70 BRIEM 5 5 44N
PRER L A BUT RBURANE A SR AR R )] &8
2, 2017, 53(12): 1579-1587.

[17] mdals, SRETE, KM, &
FREHCR I H A5 MR
33-37.

. 900MPa 2% =i AN S ARSE
E[7]. ﬁﬁ'ﬁwﬁi, 2017, 42(6):

[18] Hadam U , Zakroczymski T .Absorption of hydrogen in
tensile strained iron and high-carbon steel studied by
electrochemical permeation and desorption techniques[J].
International Journal of Hydrogen Energy, 2009,
34(5):2449-2459.

[19] Kim S J, Okido M, Moon K M. An electrochemical study
of cathodic protection of steel used for marine structures[J].
Korean Journal of Chemical Engineering, 2003, 20(3): 560-
565.

[20] ¥ 3, ©JE, ¥EW, & iy S E LN E N
WEFE I RE[T]. PEIRARFh R4, 2023, 6(3): 9-16.



