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High Throughput synthesis of TbCu7 type Sm-Fe based thin films

A. R. Dilipan® 2, D. Ogawa', H. Sepehri-Amin" 2, R. Modak', V. K. Kushwaha', Y. Sakuraba': 2,
K. Uchida'?, K. Hono" 2)Y. K. Takahashi'.
! National Institute for Materials science, Tsukuba 305-0047, Japan.
2 Graduate School of Science and Technology, University of Tsukuba, Tsukuba 305-8577, Japan.

Sm-Fe based compounds have the potential for next-generation permanent magnets (PM) for balanced use of rare
earth elements other than Nd [1]. In the Sm-Fe system, the SmFe» (ThMn»-type) compound have been extensively
studied in recent years due to their low rare earth (RE) content and high saturation magnetization. However, SmFei, is
unstable and requires large amounts of stabilizers such as Ti, V etc., which in turn dilutes its magnetization [2]. On the
other hand, the metastable TbCus-type Sm-Fe compounds are interesting because Fe can be accommodated beyond the
stoichiometry of SmFey, i.e., Fe:Sm>7. Nitriding this system can develop a strong uniaxial anisotropy [3], which is
required for permanent magnets. However, the exact range of Fe:Sm ratio and nitrogen concentration suitable for superior
hard magnetic properties is not well explored, which is the aim of the present work.

In this study, we present a systematic investigation of the formation of the TbCus-type phase for a range of
Fe:Sm ratios using the combinatorial thin film technique. We have synthesized a linear composition gradient of Fe:Sm
ranging from 5.8 to 11.8 in a single thin film. Composition and phase analysis is performed using high throughput XRF
and XRD measured at | mm intervals in the thin film as shown in Figure 1(a). The highest intensity of the TbCus-type
phase is observed when the Fe:Sm ratio is ~9.9 (Figure 1(b)). Nitriding of this composition graded thin film was then
performed and the magnetic properties at different positions of the film were measured using magneto-optical Kerr effect
hysteresis and SQUID-VSM. A high saturation magnetization of 1.4 T with a strong uniaxial magneto-crystalline
anisotropy is achieved, showing that this system has potential as a future permanent magnetic material.
Reference
1) K. Binnemans, J. Sustain.Metall., 4, 126-146, 2018

2) Y.K. Takahashi, H. Sepehri-Amin, T. Ohkubo, Sci. Technol. Adv. Mater. 22 (2021) 449—-460.
3) S. Sato, K. Nishikawa, E. Node, S. Okada, Jal com, 929 (2022)167280.
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Fig 1. (a) XRD of combinatorial thin film with varying Fe:Sm ratio from 5.8 to 11.8 (b) The intensity variation of the TbCu7-type
(0002) peak.
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