H9% 53 T E L Vol. 9 No. 3
2022 45 H Navigation Positioning & Timing May 2022

doi:10. 19306/j. enki. 2095-8110. 2022. 03. 019

AINiCo B & H o, 18 ER (6] 12 FE X #4732 E 1% BY 52 i
ML LR, A

(1. MR R Tl R AR R 22 5 TR A2 B L IR JK I8 150001 5
2. W EBFEBE T WA R R 5 TR WL T 9 315201)

 ZEAINICoLLAAKRFNBERT R BB T, EREMERF 28 A, LB~ T T
TREGAEEA AR TR m, AINICo b2 T EZOIERMMENY o, FaFe BRI o, 48,18
FHRUTRE — 58 o, ARG AN LR g, AL AT F x4 o, FAHR
B AT R AT A R R e B IR R R S AINICo A2 B T e 3 B 3%, TR A I, ALK
#) #9 AINiCo-0 ## 50 & K& A Fe Rl EBAK 2 2 L& PR AR R EBK TEAGFH®
AINiCo-0.25 # % X T 2 G TR LS A I M PLE, MBEMYLERS—F RN R &4 T
Bt o AT BT RALE M REE LA,

K AINiCo & 4 3 A2 2 M 5 80 8 3 5 sk A=

FESES. TG146.1 XEKFRERD: A XEHS.2095-8110(2022)03-0148-05

Influence of the Orientation of a, Phase on Magnetic
Stability in AINiCo Alloys

ZHAO Zhi-he', XIA Wei-xing®, JIANG Long-tao’

(1. School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China;
2. Ningbo Institute of Materials Technology and Engineering, CAS, Ningbo, Zhejiang 315201, China)

Abstract: AINiCo alloy has excellent temperature stability and magnetic stability, and is widely
used in inertial instruments, where its magnetic stability has a significant impact on the accuracy
and lifetime of the instrument. The AINiCo alloy mainly includes the strongly magnetic a; phase
and the weakly magnetic a, phase. Normally, the a, phase with consistent orientation provides the
coercivity and magnetization strength for the magnet. In this paper, the orientation of a; phase is
controlled by magnetic field heat treatment to study its influence law on magnetic stability and ex-
plore new ideas to improve the magnetic stability of AINiCo alloy. It is found that the randomly o-
riented AINiCo-0 sample has lower coercivity and remanence, but possesses lower magnetic viscos-
ity coefficient and better stability than the anisotropic AINiCo-0. 25 sample, which is mainly due to
its smoother energy barrier distribution. The results of the micromagnetic simulations further in-
dicate that the a, phase oriented perpendicular to the easy axis is more conducive to the formation
of a stable magnetic domain structure.

Key words: AINiCo alloy; Magnetic stability; Magnetic viscosity; Micro-magnetic simulation

5 B #9:2021-07-16; 81T H#A : 2021-08-04

E¢TB . HEARPEES (UL63720D)

TEE B A B 25 (1995-) , 5 L 1L 58 A= o 32 88 NSk B b4 RE 5 1T ) A 5T
BREEE - ZREQ2), WL B, FENFELREE GBI,



AINICo 54 Hv oy AR I 2 188 X i Rt R 11 ) 5% 1) 149

TEAT BE IR JE T AR A v L KR A 4 38 A
O 1l 7 DR B S SR T 0 P R PO A P X 48 M T
Az ER . AINICo & 4 HA I 5 1 il B2 £
PEFI IR PERE" S (ER Rl ) a2 v 0 1 R 10 %
18 IR AR R 7 H L 9 5 B My BL R Ak R T2
ARFRABSE. AINiCo & & T 2 gk A o A
FIGREAR I ap AL A0 o) AU S 55 07 1)
HEZ RS AS ) eV 8 . (R SE PR AR h b SR
FEAESRIE DX, 38 B o AHAOHES B BEIN . T
M AINICo REMH o) AHHESN A — i DXAR D, 220
P RE I AR X DX B 1A 2 18] 14 2 S DAL G A o
oy AHBEHLEC AR YR 22 5 R IE o MBS Al-
NiCo & 4 B A5 P =2 6] B G HK

i R 19 4 400 38 A AL T 3 DA O RS i (R
RO 2 5 TN B RE JE TE BGEOE B9 /R DT B B e
2 N— AR/ INME R ) — AR IME . X G
R B4 0 B 9 40 B SR IR T 20 HiE4D 40 44X
KR Street 5 MU SW RIS 16 E #% T
il A 5 B2 5 ) 7% % B B2 R M OC R L R TE SRR B B
SRR, 20 22 80~90 AFAUH B T K
8 RS i RH SS9 5 22 b G A0 S A RE RLK R R R
TEAR B X R A AT O HEAT SRAET L R T T L F
R 9F 5 il U I 1] e ORE J55 3 45 PR 3R T RS
i B R {E R 32 B 0 R AR N R AR T
B Ay R o i 25 368 R i 1) X 30 F 7 T 2 ek >

ARSCEERS oy AR HR ) 7 JEE A [R] 9 P AR AINICo &
G WP HEYERE K W RR E R N R . W #ak PR
WIS NG 1 £ T 20 i T U — T 2
AN NS 0 5 TT LA 5t o A BEBILIBC ) A R
it o A SROUL S AR UL A REOR A T b 20 A P
PR B ] 32 2 S AR A 1R BRI L AR T ) B AL
il 4 AINICo 5 <6 AR A2 P 4R R A9 JE K

1 BB RTTE

A T A AINiCo 45 4 i sr e e an % 1 o
R BRI T 200 1 e iR AR 1250°C [#]
% 20min, {1 G 4 A 250 TR o AL BUH R
K& 2] 600°C £ 47 SR 5 40 W AE 0T A1 0. 25T W4
SR BE L, 820°CRLEE Z& 1 R HEAT #E 3 AL PR 20min, fiff
B ETEVIR G0 a0 M5 o AT SNINRE S 7 1),
BN RGN ) A T S R A A T RO 2 By

Pl EZS U RN 7 G ] QA L U e R 0 8 N B
Fb 3G Ain , AF 5 T 50T B, OT R A A B 0 34 A) DL
TG BE A W 11, AINICo-0 85 0T #%37 #4b
FRAYAE & AINICo-0. 25 {3 0. 25T #E 7 # b B Y
FE S

£ 1 AINiCo & & LEME LB

Tab.1 Determination ratio of each element of AINiCo alloy

LR Al Co Ni Ti Cu S Si Fe

Wi 7.08 35.73 13.54 5.58 3.00 0.11 0.21 4i
X . S .54 5.5 . . . N
L/ %%

THOWL 5 g WL AR A o it WL 00 e T 9% 48 2% 375 5
HLF- 5 3 5% (LTEM JEM-2100F) , il 3% H F 200k V.,
TAOUL LS AL WL B it o 4 5 120 2« 1 Sl L AR AT I
Wi 4 R 2 ~ 50, AR S gt S R A
RIS St o B i 1) 2k % e O o 9 10 P I 3 A
fhEIE T (VSM Lakeshore7410) HEATIN . S G4
i FIFIR ) OOMME S5 A7 0, B 3 T A R
ZEoPIEXS LLG 7 BT SR . SR B RS oy
100nm X 150nm X 10nm, 715 M #% R ~F A4 1nm,

2 HRE5HE

Zead 1250°C B G B . AINiCo [E1E 4, 2 J5 7E
T Ak B B vh e A2 AR 0 8 B B8 LR G Y
Fe-Co A Cay #HD) A5 G 10 & Ni-Al A (ay #DT, 5l
BT e U AL PHE R o n A G 7 I BT S A
B TN s ARTERE G AR T 25 5 & A 8
L], A AR BURE WY A RS 7 i HESY . UK H 4R
VIR = B 4 m B il ), B0 K jE PR e . AR SCE
G T TS AN INRE 3 AL FRAE DL B A A R
PhECAS o) A R B I XoF et 1 ) 5 i

L1 T 735 2 18 A8 22 P B T UL TN ) 798 e A o ) 2
NS5 (&L R i TP AT T 20 . JC AN 3 #idk #1
ARG T o) AHIEBCRTR AL A S8 — 07 1, I HL IR
WKL AT e /N I 1) iz kb B A it
B 0. 25T 3 KL OS5 48 40 1 1. (b) B 7, 7] LA
BH o) FUTE G — B HES KAl 5 5 T n)
FAT . BEAM A 2 1Y o) AHRAR LRI,

mE 2 o, 3R 20 B & #5811 (Vibrating
Sample Magnetometer, VSM)llif T AINiCo-0
AINiCo-0. 25 3% 2 > HE 5 14 86 i A1 2, S 7t )
H. MR EE M, TR M, X 3 1
PERERE .2 MRS AATE — 8 2 5. BTG 1L 5
B 22 T8N, AINiICo-0 B M, & 116. 47emu/g, &



150 TAUE £ 5 R

2022 4 5 A

(b) AINiCo-0. 25

(a) AINiCo-0

1 BEZAEEWANEM AINICo-0 F
& AINiCo-0. 25 I M & #4
Fig. 1 Microstructure of sample AINiCo-0 and sample

AINiCo-0. 25 observed by Lorentz electron microscopy
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Fig. 2 Hysteresis lines of samples AINiCo-0 and AINiCo-0. 25
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Fig. 3 Magnetic hysteresis curves of samples AINiCo-0 and
AINiCo-0. 25 tested at different magnetic fields and magnetic

hysteresis coefficients of both samples with magnetic field
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Fig. 4 Variation curves of irreversible magnetization with

magnetic field for sample AINiCo-0 and sample AINiCo-0. 25
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Fig. 5 Micro-magnetic simulation using the model and

the magnetic moment distribution after free

relaxation of the model
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