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Fig. 1.
(b) Sm2Co17 type permanent magnets.
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Fig. 2. Depth profiles of irradiation damage level (dpa)
produced by 20 keV proton ions.
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Fig. 3. Bright-field TEM images and SAED patterns of NdaFe14B samples before (a) 0 dpa and after 20 keV proton

irradiation with (b) 0.5, (c¢) 1 and (d) 2 dpa at RT.
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Fig. 4. HRTEM images from peak damage regions of proton irradiated NdaFe14B permanent magnets (a) 0 dpa,

(b) 0.5, (¢) 1 and (d) 2 dpa; (e), (f) is the image of Fourier transform and inverse Fourier transform of nanocrystal

from (d) rectangular mark.
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Table 1. Experimental data of nanocrystal d-spacing
from Fig. 4 (a)nd Fig. 6 (a)nd standard data.

S0 B Nd2F914.B it Sm2001:7 P i
d-spacing/ A d—Eslpac‘lng/ d—spa,c‘lng/
T 77 7] EhTH 77 7]

2.057 2.059/(3 1 4) —
2.148 2.136/(4 1 0) —
2.094 — 2.092/(2 2 0)
2.688 — 2.691/(2 0 2)
2.042 — 2.044/(0 0 4)
1.986 — 1.933/(2 1 3)
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Fig. 5. Bright-field TEM images and SAED patterns of SmaCo17 type permanent magnet before (a) 0 dpa and after 20 keV
proton irradiation with (b) 0.5, (¢) 1 and (d) 2 dpa at RT.
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Fig. 6. HRTEM images from peak damage regions of proton irradiated SmzCo17 type permanent magnets (a) 0, (b)
0.5, (¢) 1 and (d) 2 dpa; (e), (f) is the image of Fourier transform and inverse Fourier transform of nanocrystal from

(d) rectangular mark.
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Fig. 7. Evolution of the number density of nanocrystal

induced by proton irradiation.
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Abstract

NdzFe14B rare earth and Sm2Co17 type permanent magnets have been widely used in the third generation of syn-
chronous radiation light source and free electron laser facility in undulators and other components of particle accelerators.
In addition, the permanent magnets are used in the radiation treatment system for cancer as a beam line component.
Compared with Sm2Co17 type permanent magnet, NdsFe14B rare earth permanent magnet has the characteristics of
large magnet energy product, rich starting materials and low price. Although its Curie point and coercive force are
lower than those of Sm2Coi7 type of permanent magnet, Nd2Fe 4B rare earth permanent magnet is still widely used.
As an important part of the accelerator, the magnetic loss phenomenon appears when permanent magnet is used in
long-term irradiation environments, which affects the stability and quality of the beam. Therefore, it is important to
investigate the magnet demagnetization induced by photon irradiation. Recently, there have appeared many researches
of the phenomena of demagnetization for the permanent magnets under the irradiation of various kinds of particles. By
using different research methods and experimental conditions, single particle irradiation is performed and then the effect
of irradiation on magnetic loss is investigated by comparing the macro magnetic properties (such as magnetic flux loss
rate, saturation magnetization, etc.). However, there are not any available reports on the microstructure investigations
of permanent magnets after irradiation. Microstructure affects macroscopic magnetic properties. In order to discuss
the microscopic demagnetization mechanism, the transmission electron microscope is used to characterize and analyze
the microstructure evolutions of SmyCo17 type permanent magnet and NdsFe14B rare earth permanent magnet before
and after proton irradiation. The evolution of the number density of nanocrystal and its size distribution induced by
proton irradiation are calculated. Moreover, the effect of microstructure evolution on macroscopic magnetic loss is dis-
cussed. The results indicate that the microstructure of permanent magnet transforms from single crystal structure to
polycrystalline structure with the increase of the proton irradiation damage level. Nanocrystal and the matrix of perma-
nent magnet have the same crystal structure. With the irradiation damage level increasing, the nanocrystal density of
NdsFe14B first increases and then decreases, while the particle size distribution first increases and then keeps constant;
the number density of nanocrystal of Sm2Coi7 type permanent magnet gradually decreases, while particle size gradually
increases, and comparing with SmoCo17 type permanent magnet, the crystal structure of NdzFe14B permanent magnet

shows an obvious tendency to be amorphous in 2 dpa irradiation damage level.

Keywords: proton irradiation, NdsFei4B rare permanent magnet, SmyCo17 type permanent magnet,

microstructure
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