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Fig. 1. Experiment Dy sample: (a) Dy rolled sheet; (b) cold-rolled Dy foils; (C) strip cooling Dy foils.
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Fig. 2. (a) Three-dimensional structure of single crystal Dy; (b) cold-rolled Dy; (c¢) annealed Dy.
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Fig. 3. X-ray diffraction 26 scans.
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Fig. 4. Backscatter photographs of cold-rolled Dy foils be-
fore and after annealing: (a) Rolled Dy; (b) 0.05 mm an-
nealed Dy; (c) 0.075 mm annealed Dy; (d) 0.10 mm an-
nealed Dy.
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Fig. 5. Magnetic properties of [0001] direction for cold-rolled Dy foils at 4.2 K: (a) Magnetization curve; (b) permeability.
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Fig. 6. Magnetization curves of Dy foils: (a) 77 K; (b) 4.2 K.

247502-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 70, No. 24 (2021)

247502

B Dy 423 2800 kA /m; 0.05 mm B K # %t Dy
W R HIR, MBS E M B, HE H =
5600 kA /m 58T K M AU 1760 kA /m; iR
K%L Dy iR BE H G, M BERAGAIR BE 1R,
0.10 2 0.15 mm 241 Dy #ih M, 53l 2560 K
2720 kA /m, F1§, Dy JLF#5E. JilE N 4.2 K
i, M 6(b) FIE S, 0.05 mm iR K #EE Dy #H
Wi H¥GK, MZH EF, (HFE H = 5600 kA /m fx
K MALFH 2080 kA /m; iR k¥R %L Dy 7 F kit H 34
K, M RS KIEEERE K, 0.10 2 0.15 mm R FL
Dy WA M, /3BT 2720 B2 2880 kA/m. M 77 K
REARE] 4.2 K, NFEEEEREL Dy MR EMF H 1Y
M KMEEE N 5% 8%. Dy il F 5 ik bz 5,
FFE R Dy,05, & %L Dy 3 H 41 0.05, 0.075 mm
AR IR R PE BE EE 0.10, 0.15 mm & %L Dy i H 22,
A BB PR A B BE /MBS A E Y Dy, O3 7
FHXTHE 5. 0.35 mm ¥ 5L A I e P et A,
A RE R AR LN T ZIER 4L, (FXEER 5L Dy
R B IR R T R 8 4K GRS — R
[ ks L /0 AR KRR 5L Dy R L — IR
[6] fi LR A O T R G 2 ) SRR TE ORIk
KR AR ARTR (& /IS, DT AP W PR RE Y
k.

TERHREE Ty =178.5 K BHiT, Dy MIDREYE
5723 Helix WA FAH, #—PIERIERA T, =
85 K BT % A48 Ry gk 25 1), SCHR [13] el i s L
FON 90 K. Bl 7(a) MIEEJE 0.05 mm iR K% 4L Dy
W TEARRREY H 4 T ARIR M-T (7281 iE %
SMNIREYy HEATH R 516, IR 7(a) ATAL 78 H =
400, 1600 kA /m H5{E 55T, 175200 K Z [i]
WHL Dy Wi MR BB LR RS, RN

3200

(a) — ®%Dy: H=05T
2800 — ®¥4Dy: H=2.0T

2400
2000

7

g
< 1600 |
&

g 1200 | ZHHIRE Ty

W

800

400

/\.\\\_

0

Temperature/K

Bl 7 %% Dy W B RETERE

0 50 100 150 200 250 300

I R 1 % A %) Helix G A ¥ 4H, 33X A1 SCRik [16] 42
ERR B Ty A0 PR S] 75—
125 K Z[a], H = 400, 1600 kA /m i {Hf, M1
B B R RS K B P R IR R R A T
Dy ¥ & B S T 78 80—90 K 2Z i), MK 7(a)
RIER], Dy BkRiHR S FIAMMRE S8 H A W 5.
(RSB, &5 H =1600 kA /m BRBEEAE I 2 3 T
AR H = 400 kA /m. SCHik [16] 38, 42K
() 5NN R S 560 B H il 0 8 2 S T8I PN 1 5 — T 1]
Helix WA 7 AHA % 22 B mEAR , I S ML I 1E L
TR EE:

iy = 12kOe ;3'(:%2“ — 85). )

Fie (1) A5, W G AR, R R
¥ Ty = 178.5 K MHE, Hygp = 964.8 kKA/m. Hltt
AL, IR R, H = 400 kKA /m 1A 2 DA 5L
Dy #i i M Helix B4 )5 FHR 5% A8 R BRREHH, H =
1600 kA /m KT Hygm, MR 4L Dy # A M
Helix #EA 7 ALK 56 A8 SNk REAH. M- Tt £ HAE
T 2 M2 Dy 785 B T, DL R BARA
WEYSRE H (W0 CPMU) 44 R, SRHEFRE A 47
SR BA . SR B LR RRERE T BH B 5R, feR
M K| 2160 kA /m; 28 HREE Ty =178.5 K [ffif
HEshmugsgd i H 44 (40 SCU), A
HIEFAE AL AA R R 2, JRHLS 85 K AR
M AWK, K M Tk 2560 kA /m.

Kl 7(b) & 77 K B A FRRZS B4 8 Dy # %
AL, WTLLEH: 1) 24 Dy 5 0.05 mm 1B k#
% Dy R (R SR YR EIAE,; 2) B, Dy WIMR®E
SRR F 65 LU I 3) ¥ FLIR Kk Dy i 5%
A 2k, 0.05 5 0.10 mm ¥R k%L Dy

70 |(P) —— #iEDy: h = 0.05 mm
— ¥%LDy: h = 0.05 mm
60 F —— Dy: h =0.075 mm
—— Dy: h=0.10 mm
50 F —— Dy: h =0.15 mm
Dy: h =0.35 mm
40 | —«— ZfDy: SCHR[16]1155
< —o— B Dy: CHk[16]i15H

30

20

10

0 1 1 1 1 ke 2 =
0 160 320 480 640 800 960 1120
H/(kA-m~1)

(a) M-T; (b) B E @77 K

Fig. 7. Magnetic properties of cold-rolled Dy foils: (a) M-T; (b) permeability @ 77 K.
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Fig. 8. M-H curves of cold-rolled Dy foils and conventional
soft magnet at 77 K. * ring for M-H curve of conventional
1J22 and DTC4: $28 mm x $20 mm x 5 mm, M-H curves
with H < 0.0125 T are measured data, and the M-H curves
with H = 0.0125 T are calculated data.
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Magnetic properties of directional textured dysprosium foils
for cryogenic undulator”

He Yong-Zhout Wang Jie?
1) (Shanghai Advanced Research Institute, Chinese Academy of Sciences, Shanghai 201204, China)

2) (Mianyang Westmag Magnetism & Electricity Co., Ltd, China Electronics Technology Group, Mianyang 621000, China)
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Abstract

Directional textured dysprosium foils are fabricated by rapid solidification and sequential cold rolling, and
the influences of their thickness values and magnetic structures on magnetic properties are analyzed and
studied. The results show that magnetic properties of cold-rolled dysprosium foils are better than those of rapid
solidification dysprosium foils, and the magnetization and permeability for each of the cold-rolled dysprosium
foils are related to the thickness and temperature. Below Curie temperature, the cold-rolled dysprosium foils
have obvious soft magnetic properties in a temperature range from 77 K to 4.2 K, the saturation magnetization
for each of cold-rolled dysprosium foils increases by 5%— 8%, and the saturation magnetization of 0.15-mm-
thick cold-rolled dysprosium foil arrives at 2880 kA/m at 4.2 K, and the maximum permeability of cold-rolled
0.10-mm-thick dysprosium foil approaches to 30. The cryogenic magnetization of cold-rolled dysprosium foil
with a strong external magnetic field is higher than that of conventional Co-V-Fe below 85 K. The cryogenic
magnetic properties of textured dysprosium foils are related to the oxygen content and the orientation degree of
(0001) crystal plane. The present study lays the foundation of technology and principle for preparing the
chunky directional textured dysprosium soft magnet for cryogenic undulator.

Keywords: cryogenic undulator, texture Dy, cold rolling, magnetic properties.
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