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Abstract: The hydrogen embrittlement resistance of two kinds of Nb-Mo hot forming steels with differ-
ent Ti contents for automobile was studied by slow strain rate tensile test along with hydrogen charging
and hydrogen desorption test in this paper. The results show that with increasing titanium content from
0.015% to 0.03%, the original austenite grain size of Nb-Mo hot forming steel decreases from 5.40 pm
to 4.35 um. Besides, the number of grain boundaries increased, and newly precipitated TiC particles are
coarse, the size of (Nb, Ti) C, (Nb, Mo, Ti) C particles increases remarkably. The increase of Ti content
leads to the precipitation of coarse Ti(C, N) in Nb-Mo hot forming steel, which promotes the occur-
rence of hydrogen embrittlement fracture. However, the activation energy of hydrogen desorption cor-
responding to the high temperature peak of hydrogen desorption is increased from 83.4 kJ/mol to 105.9
kJ/mol due to the coarse carbide particles. The energy of capturing irreversible hydrogen atom is in-
creased, which can effectively reduce the amount of diffusible hydrogen atom in the steel. The increas-
ing number of austenite grain boundaries can enable the hydrogen atom distribution more uniform, and
finally improves the hydrogen embrittlement resistance of Nb-Mo hot forming steel.
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Table 1 Main chemical compositions of tested steels %
%> C Si Mn P s Al Ti Nb Mo
HT 0.32 0.48 1.2 <0.10 <0.08 0.045 0.030 0.05 0.1
LT 0.32 0.46 1.2 <0.10 <0.08 0.046 0.015 0.05 0.1
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Fig.1 Microstructures of steel samples with different Ti contents
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Fig. 2 TEM bright field images of steel samples with different Ti contents
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Fig.3 Mechanical properties of steel samples with different Ti contents
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Fig. 4 Fracture morphologies of steel samples with different Ti content after tensile test
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3 &#

WX Ti & &9 0.03% 5 0.015% W F
PO RN SRR e EUB AT R R ST, 4k

B WO B AR R T Ti JTTR X MR EMERY
ML, EEL5BUT.

1) Ti & AN 23 BRI SR AR SR RT, He
5.40 um(Ti 0.03%) F& Ik 2 4.35 pm(Ti 0.015%) .



4 1)

XD AN RIS AR A O BT S SR A7 - 183 -

1 Ti0.03% Mg A= s TR A TiC ok, H (Nb,
Ti)C. (Nb,Mo, Ti)C fiRftRSTEHE T Ti0.015% X,

2) 30 Ak A R T £ A 380 AU R 0 T 7 114 S 5 R
BOFRE S N 16.4 kI/mol(Ti 0.03%) . 16.08 kJ/mol
(Ti 0.015%) , 1y it W4 T 7 114 & 06 B 3 14 i 93 301 A
105.9 kJ/mol(Ti 0.03%) . 83.4 kJ/mol(Ti 0.015%) .

BAHAR AT

3) Ti JLER & I, B2 AR Y Ti(C,
N e 2 UM ) A2 A, (5 D B8 PR i S e i Ktk
B AF AN n] 3 S B BFAS A RS, AT B ]
PHREE T BRI T A5, GERE ST Pl
BT A R

Ti S IR T T RPRHAY A AL 306G B0 E, T

SE 3k

[1] Gao Yunkai, Gao Dawei, Yu Haiyan, et a/l. Hot forming technology of high strength steel for automobile[J]. Automobile
Technology, 2010, (8): 56—60.

(Rl W R, ARIEEME, 45, Y TR i BE A SR B R 0], 140K, 2010, (8): 56-60.)

[2] Cheng Yajie, Sun Bintang, Liao Qingliang, et al. Effect of starting rolling temperature on hydrogen induced delayed cracking
of Nb microalloyed hot forming steel[J]. Journal of Beijing University of Science and Technology, 2016, 38(10): 1423—1428.
(RRMEAS, P, BEIRSE, 45, THELIRBEXT PR 000 A & AL AR N S BUE IR TF LR RE A2 R [T]. Lt BHECR 2227412, 2016,
38(10): 1423-1428.)

[3] Chang Kaidi, Gu Jialin, Fang Hongsheng, ef al. Hydrogen embrittlement sensitivity of new 1500 MPa high strength steel[J].
Metal Heat Treatment, 2002, 27(3): 8—11.

CH T, B, T7im 4z, 25, B R 1500 MPaZ i i B (4 U U ETFE [0, & Jm AL B, 2002, 27(3): 8-11.)

[4] Zhang S, Huang Y, Sun B, et al. Effect of Nb on hydrogen-induced delayed fracture in high strength hot stamping steels[J].
Mater. Sci. Eng., 2015, 626: 136—143.

[5]1 Mohrbacher H. Property optimization in as-quenched martensitic steel bymolybdenum and niobium alloying[J]. Metals, 2018,
(8):234-255.

[6] Takahashi J, Kawakami K, Tarui T. Direct observation of hydrogen trapping sites in vanadium carbide precipitation steel by
atom probe tomography[J]. Scripta Mater., 2012, 67: 213-216.

[7] WeiF G, Hara T, Tsuzaki K. Precise determination of the activation energy for desorption of hydrogen in two Ti-added steels
by a single thermal-desorption spectrum[J]. Metall. Mater. Trans. B, 2004, 35: 587-597.

[8] Chen Kang, Xia Bin, Xu Le, ef al. Hydrogen embrittlement sensitivity of 2000 MPa martensitic steel[J]. Journal of Material
Heat Treatment, 2017, (8): 76—82.

CGbHE, B, TRIK, 45, 2000 MPaZ o [ AN Y SN UEAE[T]. APRHRAEBRZ R, 2017, (8): 76-82.)

[9] Wu Guangzong, Wang Maoqiu, Gan Guoyou, et al. Study on hydrogen diffusion in two kinds of martensitic steels by TDS
method[J]. Journal of Iron and Steel Research, 2011, (9): 42—45.

(B, EBEK, HEZA, 45 R TDS T kA7 S E PIRR S FARHT 8 B[], SERIIFSESR, 2011, (9): 42-45.)

[10] Pan Chuan, Li Zhengbang, Tian Zhiling, et a/. Quantitative study on hydrogen embrittlement of stainless steel induced by

hydrogen and hydrogen induced martensite[J]. Chinese Science E:Technical Science, 2002, 3(3): 57-63.
G, 2R IESE, MR, 55, SRV A B0 IO S BON N ZUNE /Y € T P52 (0] v B2 B R B, 2002, 3(3):
57-63.)

DR RS


https://doi.org/10.3969/j.issn.1000-3703.2010.08.014
https://doi.org/10.3969/j.issn.1000-3703.2010.08.014
https://doi.org/10.3969/j.issn.1000-3703.2010.08.014
https://doi.org/10.3969/j.issn.0254-6051.2002.03.003
https://doi.org/10.3969/j.issn.0254-6051.2002.03.003
https://doi.org/10.1016/j.msea.2014.12.051
https://doi.org/10.1016/j.scriptamat.2012.04.022
https://doi.org/10.1007/s11663-004-0057-x

	0 引言
	1 试验材料及方法
	2 试验结果与讨论
	2.1 显微组织
	2.2 氢脆敏感性
	2.3 氢解吸行为

	3 结论
	参考文献

