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HYDROGEN EFFECTS ON NANOINDENTATION BEHAVIOR OF METALLIC GLASS RIBBONS

Yakai Zhao, Division of Materials Science and Engineering, Hanyang University, Seoul 133-791, Korea
Email address: zyk0711@hanyang.ac.kr
In-Chul Choi, Institute for Applied Materials, Karlsruhe Institute of Technology, Karlsruhe 76344, Germany
Moo-Young Seok, Division of Materials Science and Engineering, Hanyang University, Seoul 133-791, Korea
Jin-Yoo Suh, High Temperature Energy Materials Research Center, Korean Institute of Science and
Technology, Seoul 136-791, Korea
Jae-il Jang, Division of Materials Science and Engineering, Hanyang University, Seoul 133-791, Korea

Recently, metallic glass (MG) membranes that are permeable to hydrogen have gained interest due to the
increasing importance of hydrogen separation in a number of applications, e.g., hydrogen-powered fuel cells. An
important issue in the context of MG membranes is the hydrogen-induced embrittliement and efforts to understand
the role played by hydrogen in the mechanical properties, especially yielding and plastic deformation behavior, of
MGs are being made. In this study, therefore, an attempt was made by performing nanoindentation tests with
cube-corner and spherical indenter tips on a series of Ni-Nb—Zr amorphous alloy ribbons to investigate the
hydrogen effects on nanohardness and pop-in behavior (Figure 1). Weight gain measurements after hydrogen
charging and thermal desorption spectroscopy (TDS) studies (Figure 2) were utilized to identify how the total
hydrogen is partitioned into mobile and immobile parts. These, in turn, indicate the significant role of hydrogen
mobility in the amorphous structure on the mechanical properties. In high-Zr alloys containing immobile H, both
hardness (H) and shear yielding stress (tmax) increase significantly; while in low-Zr alloys having only mobile
hydrogen, decrease in hardness and rmax were noted (Figure 1). The changes in shear transformation zone (STZ)
volume, estimated through cumulative analysis of mmax, caused by hydrogen absorption were also found to depend
on hydrogen mobility such that immobile hydrogen reduces the STZ volume while mobile hydrogen increases it.
*This research was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea
government (MSIP) (No. 2013R1A1A2A10058551).
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Figure 1. Variations in (1) hardness (H) obtained from cube-corner nanoindentation and the hydrogen-induced
change (AH), and (2) the maximum shear stress (mmax) at the first pop-in obtained from spherical nanoindentation

and the hydrogen-induced difference (Artmax) With Zr content. The data of Zr15Ti10 are identified as “+Ti10".
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Figure 2. Plots of hydrogen thermal desorption acquired by TDS measurements of the charged alloys.
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