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Study on the room-temperature high-pressure hydrogen embrittlement

susceptibility of 23Cr2Ni4MoV high-strength steel forgings
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Abstract: Taking the 23Cr2Ni4MoV steel forging as the research object, long-term hydrogen charging tests were conducted at
room temperature under different hydrogen pressures.The hydrogen concentration in the test steel was measured using the thermal
desorption method, its hydrogen trap types and binding energies were analyzed, and its resistance to hydrogen-induced cracking
was evaluated using modified wedge open loading (WOL) specimens. The results show that under a room temperature , 35 MPa
hydrogen environment, hydrogen penetration into the 23Cr2Ni4MoV steel forging is difficult; when the pressure is increased to
70 MPa, the hydrogen permeation amount is approximately 3.41x107°; further increasing to 110 MPa, the hydrogen permeation
amount increases to 4.45%107%. Thermal desorption analysis reveals that three types of hydrogen traps exist in the test steel , with
binding energies of 10.24, 19.93, 59.88 kJ/mol in ascending order. The hydrogen that penetrates under the room-temperature
high-pressure hydrogen environment is mainly captured by the shallow traps with a binding energy of 10.24 kJ/mol.Under a room
temperature, 110 MPa hydrogen environment, the hydrogen-induced cracking stress intensity factor threshold value of the
material is relatively low; when the applied stress intensity factor exceeds 58 MPa-m'?, the WOL specimens all exhibit
significant cracking.Based on a comprehensive assessment, the 23Cr2Ni4MoV steel forging is not suitable for use as a forging for
ultra-high-pressure hydrogen storage vessels.
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Fig.1  Ultra-high pressure hydrogen charging device
1.2 BABMI(TDS) 534
FE T #BE Bt (thermal desorption spectroscopy ,
TDS) JREE, R A A & & Hr i HTDS-004 (AL & 2)
T 5 23Cr2NidMoV AW 8B A1 78 AT 5 MR -

B2 ETHREMFREHNSSESHL
Fig.2 Hydrogen content analyzer based on thermal
desorption principle

FE3EAT TDS 70 71 8 » A LECO 2~ m 42 fHL1
316L A5 fE 78 & W FE (22407 x107°) Xf
HTDS-004 73 #1 A% FR I A% 72 1 55 v a1 1E AT TF
o MBI e A5 I A H R IT 46, BL100 “C/h



it 45 23Cr2NidMoV (i A EBCAE 1) 18 2 R EME RBURR M 5% 3

{3 5 3 # F 600 °C % E X 8] 4
600~1 000 ‘CICEURETBO » A A i 1 S0 8 M P o
A I DU AT R AEAEERE 5 s BEAT— RREE T, 3K
A3 S0 PR T 6 o 3 P A Ak TR 2R, BT TDS T 28 .
AR P T 0 Tk P B 4 g T 3 S AR 43
GHE ML IO R A S &,
1.3 SBFEEEEREFIHENR

R GB/T 15970.6—2007 (&= J& A& 4 1 i3
Tl B JE ARG 5 6 343 < FE AR A s AL RS T
TRELSUANRE B £ FORLFH Y, K WOL R FI e
KRS IN# 7 TT B 7 23Cr2NidMoV & 5 AW 45 14
TE 5 I 110 MPa i & e SRR R A 0T 2
IS 7758 P55 DR 1 TARAEL I 3K, BOORE 757 B WOL 3 FE
JT B 3 froR . 75 98 55 2480 5 oK FH 842

X B Wt A 5] 8 5K AL RS, S8 5 AR AR 2R 1 %k
fuf =57 7% 1l 28 15 2 AN [7] 5K FF A7 8 X B 1 3 A 7K
S IR I 3 CO THEAS B R 8L ) 5 R 7
Kuippo B » ¥ E AL A N1 WOL B 75 E 72
Kl 3Ce) BT B 5 R il S5 28 HH 4 500 h, Mg
GURBRAEY .
YP
KIAPP B\/; (1>

Hr,
- a. a a3
Y=30.96 (7,)~ 1958 (77, +730.6 ()
_ a4 s
11863 (7)" +754.6 (+7,)

A, PRI E AT , Nsa, B, W WOL R FE R~
%%i&,mmo

s %0
Y iKY 25
L _— M16><614/- )
12 o)
D} 19.25 -
233 . ey B B £ 4
) 7o Q
5N a5
(hoslA] \ 560
N i - ® i
T 2:1
— FEARTE RN M3k MRS M 16x40
(a) WOLRAPEHUREAT B (b)WOLIRFER <

(¢)140 MPa i =5 B i A A 4

E3 SEARNMEERTF MMENLSRE

Fig.3 Schematic of hydrogen-induced cracking stress intensity factor threshold value testing
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Fig.9 TDS test results of 23Cr2Ni4MoV high-strength steel forging after hydrogen charging
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