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Fig.1 VSM curves of Fez32Si162BssNbsCu; amorphous alloy: (a) hysteresis loops; (b) changes of Ms and Hc as function of milling time
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Fig.2 XRD patterns of Fers2Sii6.2BssNb3Cu; amorphous alloy

WAE 20=45FIm L 1 A8 H, X2 R &
SATHRHE, 7T LARIW A SV H N 5 A 2.
2233 30~60 h BR S AL 3 )5 E &G &8 A 1) XRD E1E [F]
PERA AT L, REAERES J5 1A Sk AT Ak i
M, K 3a AWIUHAE &G &% 1 TEM 2 SAED
B, maPEGHEAE RN, BT
HE R AERATH 30, BHE T JRMGAER & &% N
B2 AR L4y, B 3b A1 3¢ &R 60 h BREE 4bHE
Ja AR A SR K HRTEM 1% & SAED 184 . & 70 9
PA5 Hp el DL B L 5% ) A%, I X AT B B D b E
JE G & HPARAE 2 B AR AE, 4 B RSEAE 10 nm A4



« 624+ B MRS TR

%5 51 45

3 Fer32Sii62BssNbsCuy JE ff & 4 TEM Fl HRTEM 43 #7
Fig.3 TEM image and SAED pattern of initial ribbon (a), HRTEM images and SAED patterns of the amorphous powder after 60 h

milling (b, c) for Fess2Si16.2B6.6Nb3Cu; amorphous alloy
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Fig.5 Particle size of Fe732Sii62BssNbsCu; amorphous powder:
(a) particle size distribution and (b) change of average

particle size as function of milling time
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Fe73.2Si16.2B6.sNb3Cus amorphous powder
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AEHUAS RLpyin N-29.5 dB, ULELEE N 5.5 mm. Bl EREE
IFIASEIn, B HRE K, EEREE 40 h J5 RLpin 8070
$-30.9 dB, XA AR 3G K 2 15.79 GHz,  VLAC 5 AL
WIFNF] 2 mm. 9k L8 0Bk EE A 2] 50 h, T ARG
FRYLLIE KR, RLyn H/NE]-40 dB DLF, TEMIEN
457 GHz, ULECJSE A 5.5 mm ik #-42.26 dB; Wik
FIEEHN 2.5 mm Kf-10 dB LL T A R0 U %

5.78 GHz (10.10~15.88 GHz) , #i%E &k Bk 7. BREE
60 h 5, & & MRS RMEAC, (H2 0 T2/ fw 20y
K, N HAFEE R, RLgn 51H<-40 dB, ULACJEE R
4.5 mm I ZEARZE N 4.12 GHz Ab RLpy, 1% 5-41.98 dB.

45 L K B Feqs,2Siie2Be sND3Cuy AF it & &40 i B A L 7
F14) L 0 9% I VA 1 . o
3 % g

1) Fer32Site2BeeNbsCuy AE & & 5 40 i BR IS Ab 3 J5
PP a-(Fe, SI)HHLAH, $ 1 BOHEE B AN FL 1% B R
WerERE, BREE 40 h WAIREALSREE Mg e, 153
137.94 A m? kg,

2) BREEJS 1) Fers2Siie 2BesNbsCuy E & A 6 4 14
SUUEBOIR, b fAORL A [ BR B I 18] 58 0 gy, e
SERIRIARIAF] 8.42 pm; AR R LRI K, £ H
BRCN A0 S AR AL I v, T L BRIG I0, 3R v T R RE
WA RE -

3) Fes32Sii62BeeNbsCuy JE A &k ik R AR 71
CER AL TG i AR A & 2 IR IR S S 1 = P O
FER AR B AR ILHR 2 PR, (A I tAE 7E A LA
FE, B RBFEAMMACIIAE 2 FEX, SHiE5R
i u'fE 0.60~1.97 Z [a], FEHS "B KWTik 0.77, BREE
50 h [ &8k B i 16 P R R M e, E S AR
N 457 GHz Kb U3 (0 & /N I B FE RLpin 15 3
-42.26 dBCULHCJE E )y 5.5 mm), Wik 7 5 & 2 2.5 mm
I P B KA 280 T 9 i 5.78 GHz.

238 0k
[1] Cao Maosheng, Wang Xixi, Cao Wengiang et al. Small[J],
2018, 14(29): 1 800 987

References

[2] Wang Xixi, Cao Wengiang, Cao Maosheng et al. Advanced
Materials[J], 2020, 32: 2 002 112

[3] Wen B, Cao S, Lu M M et al. Advanced Materials[J], 2014,
26(21): 3484

[4] Balci Osman, Polat Emre O, Kakenov Nurbek et al. Nature
Communications[J], 2015, 6(1): 6628

[5] Sista Kameswara Srikar, Dwarapudi Srinivas, Kumar Deepak
et al. Journal of Alloys and Compounds[J], 2021, 853: 157 251

[6] Lin Peihao(#££5%%), Yang Tao(# ¥f), Zhu Baohua(’k i)
et al. Rare Metal Materials and Engineering(#i & & @ #1 ¥l 5
TA)[J], 2015, 44(10): 2449


https://xueshu.baidu.com/usercenter/paper/show?paperid=89243ba443d1e05faac583bb2b74fad1&site=xueshu_se&hitarticle=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=1a3u06h04g2e0280x42006j0hq575273&site=xueshu_se&hitarticle=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=1a3u06h04g2e0280x42006j0hq575273&site=xueshu_se&hitarticle=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=a492ffdac0e7cc32afdb87f4cff42d78&site=xueshu_se
https://xueshu.baidu.com/usercenter/paper/show?paperid=fc28b1da27fd5012767b414b6445c3bf&site=xueshu_se
https://xueshu.baidu.com/usercenter/paper/show?paperid=fc28b1da27fd5012767b414b6445c3bf&site=xueshu_se
https://xueshu.baidu.com/usercenter/paper/show?paperid=1d2d0xq0yh1q04x08b7c04k0fu324667&site=xueshu_se&hitarticle=1
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?file_no=20151022&flag=1

* 628 -

L E A e

%5 51 45

[7] Pan Shunkang(i%ifi &), Liu Ye(x| #£), Lin Peihao(#fk55%)
et al. Rare Metal Materials and Engineering(#iH 4 J& #1 %}
5 TF)[J], 2016, 45(2): 267
[8] Wang Jianjiang(FE #{L), Cai Xudong(%%/E%), Wen Jinhua
(#5.754£) et al. Rare Metal Materials and Engineering (%4 4
JE MBS TAE)[J], 2018, 47(10): 3072
[9] Chen Yang, Wang Lei, Xiong Houdong et al. Physica Status
Solidi (a)[J], 2020, 217(23): 2 000 389
[10] Duan Yuping, Song Lulu, Cui Yulong et al. Journal of Alloys
and Compounds[J], 2020, 848: 156 491
[11] Duan Yuping, Wen Xin, Zhang Bin et al. Journal of
Magnetism and Magnetic Materials[J], 2020, 497: 165 947
[12] Lan Di, Zhao Zehao, Gao Zhenguo et al. Journal of
Magnetism and Magnetic Materials[J], 2020, 512: 167 065
[13] Zhang Yingzhe, Chen Yudao, Qin Qingdong et al. Journal of
Magnetism and Magnetic Materials[J], 2020, 498: 166 151
[14] Giselher Herzer. Acta Materialia[J], 2013, 61(3): 718
[15] Yoshizawa Y. Journal of Metastable and Nanocrystalline
Materials[J], 1999, 1: 51
[16] Yoshizawa Y, Oguma S, Yamauchi K. Journal of Applied
Physics[J], 1988, 64(10): 6044
[17] Lashgari H R, Chu D, Xie Shishu et al. Journal of
Non-Crystalline Solids[J], 2014, 391: 61
[18] Zhang Chunxuan, Li Yanhui, Duan Yuping et al. Journal of

Magnetism and Magnetic Materials[J], 2020, 497: 165 988

[19] Ohta Motoki, Yoshizawa Yoshihito. Journal of Magnetism
and Magnetic Materials[J], 2009, 321(14): 2220

[20] zhang Bin, Duan Yuping, Cui Yulong et al. Materials &
Design[J], 2018, 149: 173

[21] Herzer G. IEEE Transactions on Magnetics[J], 2002, 26(5): 1397

[22] Cao Maosheng, Wang Xixi, Zhang Min et al. Advanced
Functional Materials[J], 2019, 29: 1 807 398

[23] Wang Xin, Shu Jincheng, He Xuemei et al. ACS Sustainable
Chemistry & Engineering[J], 2018, 6(11): 14 017

[24] Wen Shulai, Liu Ying, Zhao Xiuchen et al. Powder
Technology[J], 2014, 264: 128

[25] Chen Shuwen, Tan Guoguo, Gu Xisheng et al. Journal of
Alloys and Compounds[J], 2017, 705: 309

[26] Gao Shan, Yang Shuhao, Wang Huiya et al. Carbon[J], 2020,
162: 438

[27] Wang Jinghui, Guo Zhili, Zeng Qingtao et al. Journal of
Magnetism and Magnetic Materials[J], 2020, 510: 166 931

[28] He Gaihua, Duan Yuping, Pang Huifang. Nano-micro Letters[J],
2020, 12(1): 1

[29] Yang Peipei, Liu Ying, Zhao Xiuchen et al. Journal of
Materials Research[J], 2016, 31(16): 2398

[30] Shu Jincheng, Cao Maosheng, Zhang Min et al. Advanced
Functional Materials[J], 2020, 30(10): 1 908 299

Electromagnetic Shielding Properties of Fes3,Si6,BssNb3;Cu; Amorphous Alloy Powders

Wau Jiali*, Zhou Bingwen'?, Huo Lishan®, Meng Linggang'?, Ya Bin'?, Zhang Huanyue', Zhan Xingguo™?
(1. School of Material Science and Engineering, Dalian University of Technology, Dalian 116024, China)
(2. Ningbo Research Institute of Dalian University of Technology, Ningbo 315016, China)
(3. Ningbo Zhongke B Plus New Materials Technology Co., Ltd, Ningbo 315201, China)

Abstract: In order to prevent and control electromagnetic pollution, it is urgent to develop effective electromagnetic shielding materials. In
this research, the Fez;2Sii62BssNbsCu; alloy was designed and amorphous ribbons were prepared. After high-energy ball milling,
amorphous alloy powder was obtained. The effects of ball-milling time on soft magnetic properties, microstructure, morphology and
electromagnetic wave absorption properties of alloy powders were studied. The results show that the crystalline phase a-(Fe, Si) is formed
after ball milling, which improves the soft magnetic properties. The maximum saturation magnetization is 137.94 A-m?%g™. The
morphology of the amorphous powders is elliptic. With the increase of milling time, the particle size of the alloy powders decreases, and
the minimum average particle size is 8.42 um. The alloy powder shows excellent electromagnetic absorption performance. The loss
mechanism of electromagnetic waves is mainly magnetic loss. After ball-milling for 50 h, the amorphous alloy powder has the best
electromagnetic absorption performance. The minimum reflection loss is -42.26 dB at the frequency of 4.57 GHz, and the maximum
effective absorption bandwidth (<-10 dB) is up to 5.78 GHz when the thickness of the absorber is 2.5 mm.

Key words: Fe-based amorphous alloy; microwave absorption performance; electromagnetic shielding; soft magnetic properties
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