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Resistance to Hydrogen Embrittlement of Ultra-high
Strength Pearlitic Bolt

Ahjeong Lyu, Young-Kook Lee'
Department of Materials Science and Engineering, Yonsei University, Seoul 03722, Korea

Abstract Recently, ultra-high strength bolts have been developed for weight lightening of a vehicle and fuel effi-
ciency. However, some amount of diffusible H is absorbed into the bolt during its manufacturing process so that H
embrittlement (HE) often occurs particularly in high strength bolts with a tempered martensitic microstructure. This
brings attention to ultra-high strength pearlitic bolts with a high resistance to HE. Therefore, in this study the HE
resistance of the 1.6 GPa grade pearlitic bolt was evaluated through tightening tests and slow strain rate tests
(SSRTs), and fracture surfaces of failed bolts were comparatively observed. A critical H content for the tightening
test turned out to be ~0.23-0.35 mass ppm. The bolt with a diffusible H content of ~0.35 mass ppm was fractured
during the tightening test, showing a quasi-cleavage fracture surface, indicating the occurrence of HE. In addi-
tion, the bolt underwent premature elastic failure during the SSRT. This implies that the HE resistance of high
strength bolts can be evaluated by both tightening test and SSRT.
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Fig. 1. Dimensions of a bolt specimen used in the present study.
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Table 1. Chemical composition of a bolt specimen used [Unit: wt%]
Fe C Mn Cr Cu P S
Bal. 0.85 0.83 0.22 0.25 0.04 0.015
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Fig. 2. Schematic illustration of the bolt tightening test.
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Fig. 3. SEM microstructures of the bolt specimen observed at (a) low and (b) high magnifications. Yellow dotted circles
show misaligned pearlite colonies. (¢) Variation of interlamellar spacing with cold drawing ratio; a red mark indicates the
interlamellar spacing of a present bolt specimen. (d-f) SEM images showing micro-cracks in the bolt specimen.
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Fig. 4. H desorption rate curves of bolt specimens H-
charged for various times.
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Fig. 5. Images of (a) a tightening test specimen and (b) a fractured bolt, which was tightened for 24 h after 24 h H

charging.

Fig. 6. (a) Low magnified and (b) high magnified SEM images of the fracture surface of the 24 h bolt fractured after 24 h

tightening test.
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Fig. 7. (a) Engineering stress vs. displacement curves of H-uncharged (0 h) and charged (12 h, 24 h) bolt specimens and (b)

T _Oh bolt specimen fractured after SSRT.
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