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This paper reports the effect of annealing speed on the structure, and magnetic properties of submicron
sized amorphous Fe-B particles synthesized by a chemical reduction method. The shape of the synthesized particles
was spherical, and their median size became approximately 708 nm. The DSC curve of the particles showed a
crystallization temperature of 463 °C. The structure of the particles maintained an amorphous state at an annealing
speed of less than 100 °C /min, while a-Fe and FesB coexisted at an annealing speed of 200—400°C/min. As the speed
increased up to 100°C/min, the saturation magnetization and the intrinsic permeability of the particles increased to
153 emu/g and 17, respectively, and their coercivity decreased to 23 Oe. These results demonstrate that the magnetic
properties of Fe-B particles can be improved markedly by the relaxation of internal stress in the particles as the range
of annealing speed between 50-100 °C /min below crystallization temperature.

Key words: soft magnetic material, submicron size, annealing speed, amorphous

1. [XLC®IZ

WA, Jr—R =2 — N ZVOFEBNZMT T, =R/ —DmER)
FYEDROBIVTIY, ERERARE A TR 5/ U —x
L7 hu=2 ZEGNOEZEMDEE > TS, FHZ, GaN = SiC
E VS TSR ST A BERE ) AT/ ST —T /3 ADHIFE
BTSRRI CHED HITUNG D9, a7 s, Zhb0EE k%
FAWNT=T 3 20, GERD Si _—ADT /3 AT, mVETE
i, N AA »F U THRER L, BRI 2/ Vi
b+ mEhEA b - S EREEN FO BN TE DB Th D, 20—
FT, T UARA U H Y B EOE R -2 # 5 T
DBIFITENL TR Y, AN OIS - RIEIE R E <,
HEEO/NEUL, mRERE~ORBEE 725 CD © D, Z ORfSEZAR
R D728, @l BRI (Bs) &RV B4 Bt ok
MFPERISRD BTN D 9,

ZHVETIC Fe ZhEHE, @ By, iV ERER (), [EV R
71 (Hy) EWH NSRRI A T 5 2 LoDk A
SHIHEN T, 20vTh, 72T M, @vvu 2675
REN7 Fe SRREMAELE LTSN TS HOD, By BLO
548 (Ferromagnetic Resonance : FMR) [/ ME<, &
JARET S A~OISRREECH S [10]. —J57C, ERiir &
OFAEAAICE L L B By 21508, BEIEHTEE (o)
MR, =EIGE T BREERIRSS (o £2, f : BhEE
) DMERTDZ EDRTREE 2T D 10 ),

INHOREE RS D I7ED—2 L LT, AE8DTENLT 7
AMEBETF BID. TELNT 7 A541E, @V By SR H 2H
LTW57e®, @EET S A~OIGHICHE LTS 12, Fz,
P77 arNLRifR D) XD YA XTHIET, EVER

Corresponding author: C. Masumoto
(e-mail: Masumoto.chihiro.s2@dc.tohoku.ac.jp).

Bl COMMBEIHRIS (o« D?) Oz H 272235 19,

FrironETITY 7 I 7 AT ENLT 7 A FeB Bk
PRI T2 KipiaE CRO ST LD Bk L, %@ MHz ~ GHz £
TR AR A Z L 2ns Uiz 9. ZoFKY, 7 b
A R L Fe, 7 e ARMEETH W, KRB EROSA ER
WRBEA-DOERDATRETH D LD AU » M5, Fi-, 7ELY
7 A Fe-B BRI T ZBMURA T~ Z & C, SR PRROIS 173
RSN, ZTOWEEEENR BT 2 v b L B, Zh
BITINZ T, o7 n—7"Tl%, Fe'B M#HTI\T, NEHEED
BRI E B2 arFe -/ FETRONTHIAMIEE SN, ki (T
LT ENHESNTND 19, LinLZRas, FeB 7E/L7 7 A
PRI DAIETS L OWESRURPIED NN R EE DR Z B 240
FUHTE A EFTOIVTU VR ARFZE T, AR TSR L
VAR LT 7 I 7 m s FerB i A7 2 NIEHEE TEVUR
ZhiL, TIHOHERE & BRI OV TR LTZAE RN T
WET 5.

2. EERH X

TP AL AOTENT 7 A FeB ki 1% KK
TOBRITCRSIEIC L 0 Bk L=, MRS RIS, Fe RN6
& B RETANE 2 A=, Fe RISHE, Hiissk(I)
LAkF (FeSOs - TH20, M 98.0%LL L), Hikr &
= . (NH4Cl, #ifE 98.5%) BL O/ = =F U ¥
L TKF (CeHsNasOr « 2H20, #iE 99.0 %) Zk5Hik
IR &, KER{E ) R U A (NaOH, #E 97.0 %24 1)
KEEWRIZEL > TpH & 9L D TH D, BRIET
FlEE, AFAvFEF MY oA (NaBHs, HEE 92.0%
PLk) EREUKICEMmL-boThd. 22T, WHTO
Fe BLO'B OFNEEHICOWTIE, Fe:B =3:1 &

Transaction of the Magnetics Society of Japan (Special Issues) Vol.9, No.1, 2025 7



25 X OICHHE LT, Fe RRISHRPIZ B RECANSIK %
WTEL, i Uz & Rk L= & 7 — /L Tk
T 52 & T FeB fhi+a437=. #6017 Fe-B fhi+ o
Fe BXW B iR OB EGRELFERE T 7 A~ AR
#r#% (Inductively Coupled Plasm : ICP) (2L V3l L 7=
fiA, B 2 30at.% FREA->TWD Z & 2R LT

572 FerB ek 17-1%, ARAMBEMUELA 2 VT, Ar
FHK T 400 C, 1 OB Z i LT=. 7ok, INEL
HEEIE, 50—400 C/min O CTELSH T,

G L7z FerB fhi +-OTIRICEE L Tix, EAME 181
%85 (Scanning Electron Microscope : SEM) %, ki
OREEIZTE L Cid X BEPritE (Xray diffractometer :
XRD) Z#HAWTaMi L7z, F7=, KirofbmbiEEICE L
TIx, 7”7 E & B & (Differential Scanning
Calorimetry : DSC) #HW Tl L7z, 7ok, MIEREOM
FGHEE L 200C/h (%9 3.3°C/min) & L7z,

Z OWEEFFEIZ B LT, IRENSUBHRE /)5 (Vibrating
Sample Magnetometer : VSM) B LW, Eigll~1 7 1 2
MU Y TR E R ARy BT =2 T F T A Y (Vector
Network Analyzer : VNA) % #iAG oW 7 E 2 H R NNE
EADEAWCIMI L7z, 7eds, ERBECEOFECTIL,
WA BREPICOMSE TER L7ca Ry y MFEHy
. B, Ay ATy ML, Fe-B ki1 o EEFEIHFN
80wt.% &7eD L OICHIELIEAT U —% 7 4 )L AICEA
L, WS E7-%, 5MPa, 120 C T 14MEAEMZ T
ERLL 72,

3. BRLBEE

Fig. 1 |ZAR L7~ Fe'B ki T-0> SEM 1445 L0 SEM 4755
H LIk iAo d. Ak LTz Fe-B K F-OIARIZERIRTH Y,
ISTE AT BT, SRR (D) 1%, 527—862nm O
FECH O AGHNNE, TR (Dso) 1349 708 = 9.6 nm T
boto. Fi-, Fig 2 1d, ARkL7TZ FeB kit DSC Hifk <
Hb. Fig 2 L0, DTA OFEL—2 13 2 SElSniz. 128

20 ' Sea e

la_g' 1 5 B ;

> il

$10

>

o

w5t

0 e — "
0 500 1000 1500 2000

Diameter, D [nm]

Fig. 1 SEM image and particle size distribution of
synthesized Fe-B particles.
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Fig. 2 DSC curve of synthesized Fe-B particles annealed at an
annealing speed of 200°C/h (approximately 3.3°C/min)
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Fig.3 XRD patterns of Fe-B particles: as-synthesized and after
annealing at 400 °C for 1 min.
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Fig. 5 SEM images of Fe'B particles: (a) after annealing at
annealing speed of 100 °C/min, (b) after annealing at annealing
speed of 200 °C/min.
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