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Quantitative Evaluation of the Amount of a —Fe phase
in Successive Heat Treatment for Fe;sB135Siq

Shoichi NAGATA, Eiji FUJITA, Shuji EBISU and Satoshi TANIGUCHI

Abstract

An amorphous metallic alloy Fe;sB13Siy has a Curie temperature of 440°C (713 K) and a crystallization tempera-
ture of about 505C (778 K). When the samples are annealed at well below the crystallization temperature, a stable
a —Fe phase appears gradually with a further increase of an annealing time. Electron diffraction and X—ray study
can identify the precipitated material in the amorphous matrix, however, it is quite difficult to give an accurate
quantitative amount of this material. A new attempt to evaluate a quantitative atomic percentage of the precipitated
material after successive heat treatments will be performed. As an example we report the result for a systematic
study of an evaluation of the amount of a —Fe phase in the amorphous Fe—B—Si matrix at a 450°C annealing. Using
the changes of the mean magnetic moment, the quantitative determination of a« —Fe can be made. The magnetization
of Fe74B1;Siy has been measured in the temperature range of 4.2 <T < 310 K at a constant magnetic field of 5.4
kOe using a homemade vibrating sample magnetometer. In order to get the value of magnetic moment at 0 K from the
relevant extrapolation of the magnetization curve to T = 0 K, we present an exact analysis of spin—wave excitations

in a presence of an applied magnetic field.

1. &

il

PR JE S EURTE E B ISR E IR B 5 Z ORGEREOBRNFHRENE, BLO
PTEERE L DS E O 2ICT A L RBEERETH L, 20—20OFREE LT ED
LTS AR G NIER L, HF, OIBREZEET A LAEELELONS, X-B
RELRET TR, IS LD, LX) IR T 2202 RIBETEZ 03 LS,
ZORGHOMME A2 EE* L TCEBMICHET A L IEE LY, 22T, L2 X8Itk
BT E OMERE & I, BIKRTORILBEL SHES M AMAE— 2 ¥ P OB LIcES»
THHMEO R E8MICERT A e 2 E 2, TOXI L, X-BICLaMEWEomE
GPEDOMIE &30 S & TR 2 @RIk 5 2 Epufge Bbh b,

85



A B OIE —- - H ¥ A%

B —-% 0

Euy
(&]

ARFE T, BRG] LTI E S 4 FersBisSio DIRIREER (450C) 12 X B HEE DAL IC4E

V, ABOFEHOREE—R VI AREDLIIE LS
WLPRRFH T D @ -Fe O EF ERINIZKO D L HFTE L, Thbb,

O HEEMAE— 2 > F2MET BT, SE

RNz, ZORRELT, K

RimEEIC £ % @ -Fe

BEHCERT 2 —20oRkAaTHB, ERELESE

Fe7gB13Sig 1, F 2 1) — fiA%440C CH R ALIRIE 25505°C Th 5, 450C THERY T 2 & 24B5 R LI
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B—1 Schematic diagram of crystallization

reactions in Fe;gB;3Siy. The Curie

temperature is found to be 713 K

and the crystallization temperature
is about 778 K.
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22T, RIZEHTD, EXEBRTHLH, ZDLE, BALORBEERTFH RO L I 1245,

AMA/{(()? _ M(OX/ITOA)/I(T) — BTV 4 o2 (2)

B, CWEHTH 1T Bloch ® T [ %R L, H2HEDRIZBVTERD L HAHEET 5
ENLHRT B,

, REHBOGHETHGE*E 2 b, AR Ha "HEET 2 L, DRI kXO T8
CHOBBRIZZANVFE—F 5 o THET S,

€ = g M pHey + DE® + ER", (3)
Heft = Ho — 4 T NM(T) + Ha. (4)

2 ITC, Ho \3HVBEYs, N REIREL, Ha R AVERS TH B, K12, Argyle and Pugh (2
ZHW, Fy v TIRET, *EFTH) 04 4bb,

Ty = HgHetr / kg. (5)
ERERT Do BHCLDIAINF—F v v 7OETHOT, QRBFROLICEH LN,

AMT) _ 3/2 5/2

Moy — BZ (3/2, T/ T)T¥2 + CZ(5/2.T,/T) T2, (6)

ZIT, Z3/2,TyT), BLXUZ(5/2T/T) 3R BML KA TH2oN5,
Z(3/2TK/T)=-77E;35—2n~V2exp[ T./T], (7)

1

Z(5/2,T,z/T)=WS72'5-%o 52 exp[(-n) T/ T]. (8)

£72, £(3/2)=2.612, § (5/2)=1.3411d Rieman ® §{ I TH A, 25D ZEHOHEIZ T,
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FHTRBAWMAETN, HA DD 25F -
BERbBND, & NS RS I T e
FUDPHFELTH, bhbhoHun T (K)
7oAV ER IG5 .4 kOe & oW A & FE B—3 The magnetization of Fe;B,3Si, at a constant
B0 <, 0 e S0k -
2B W THMEYS Her % 4458135 hours at 723 K.

HolZHE LW EEML CHEd#D 5,
B— 312, Hy=5.4k0e ®—3%

DYVERBEHE T2 B 1 5 B o 4 1.0 ' ' — '
fAEERY, ShifREpITcah Dy, < 0.8 1
450°C (723 K ) T24MEM o 7 = — ;%

#iio ot g, wiko S 0.8 H=5.4 ki -
AL XA T, 300KIZ % 5 T N, 4 )
L4.2KDMED10% 550 WA 1258 £

Bo DEI, WESNALKREILL 0.2 )
W C Hey =5.4 kOe TOREE Z (3/2, O°OO 5'0 1dO 15-0 2(50 250 00
Ty /T) D% (7)1 360 & FH5t T(K)

LDEHE LT, M— 4 0kR B—4 The temperature variation of Z(3/2,T,/T) at the

magnetic fields of He,=5.40 kOe (computer cal-

= - v; ot
AT S OH— 4 ORREFIM LT, culation). T, is defined by eq(5).

FARBEK Lo (T) % Z(3/2, Ty /T)
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89



Ak B OE —-# B ¥ §-K B A 0 §4

(DB bbb, BLOKIRHEE CORELILIZ, 2 € Y EHROBMICEL > Tk (it x
%o FBMILE P T OBAL ORI % W LT, [— 5 O &9 2% Mt 0 FEASHE L <,
T OWAL D 5 X EEROBAE— 2~ F KD 72,19
Fe7sB13Sig (2 1 mole 274749.38(8) T 1), 1 #549.274X 1072 (emu) TH % DT, 1(8)HDFe
DEFHIE, ROXHIZKRDLN D,

1 (&) h DFed JF 1= 1(6.022X 10%%) X 78} /4749.38 ({l/g) . (9)
BELT, ERTHEONAHAMIEOMAE— 2> F£174.8(emu/g) LT 5 &,

Fe —JiF 40 DRERE— 2> b

=[174.8X4749.38] / {[(6.022X 10%%) X 78] X (9.274 %10 2")}

=1.91(#y/Fe atom ) . (10

T K]
o5 50100 150 200 250 30

Ehb, TOLHITLT, RE
WMRE—2X Y bOVELIS, 3

E} % 450C (723K ) T7 =— b
L7z & & OREAIIERIC X 2 Fe _,%%: :
BTS00 SHITEL 2P oRk 2 50 i
EOALROREE W6k B 125 oog ouh at 723K
LU0E—115RT, — 100~ 7
CROOBRELY, HEE O ég :
450CTT =T B E, KL o5 i
B oHE X BRE— AV I A | | | ]
H ?ﬁht& . 0 0 1000 2000 3000 4000 5000
KEL BB EDPFHEALITNS, 2[3/2] ,T3/2 : K3/2 |
I B REE AT % S 72w N
éit*—‘i‘ 1zo b‘f, Fe E%‘“‘1E% _ 5 4 (T) Vs Z(3/2,Tg/T)’]‘i 2 at Hu=5.40 kOe

for the sample specified in Fig. 3.
DO E—X ¥ MiZ1.91 ¢,

ThHho —77, D a-Fe DFAE—X ¥ ME2.2245 ThHhDH I EDN L 5T WD, 7,
X—MOFEBRIERD S, £— 1 IRTHUIE T, FEEHEFIC o -Fe ML, Z0ENE4
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KT, FEMHE Fe-B-Si @ matrix OIS L7z a-Fe DB EHT 2, 22T, ML a
“Fe 2RV IR ERRET, KAL L CRLFEORB ERILBAE— AV F 2o TWw b
ERET %o a-Fe BRAIHTI LT L % &, JEEE matrix OEFSOMEAZLLTL D DT,
EROIWERGLTLHBIELL 2V EBbE, Lzd->T, UFO@#ERZEH T2 Ofigiik
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A EROPHOMAE— 2~ b (FEBR 5 00k > e

i) =1[2.22# X 2(%)] +[1.91 44 £

X (100—z (%)) ]t /100. wo g e |
DHERELD a-Fe DT EEZRD B, £— 112 {0 1.96F ?// ]
Y ERMBERCOFHOBLE— A2 b P 9 S -
FHRILD, o -FeOMibiEE LOMERREH 3 1o2f < O:Samplea -
WK 7o MR ER - 2R T, 20X, 1.903 A:Sample b |
X =R KB HT W E OWERR L Bt o Wi % Xf sl ®:Sample ¢ |
JEEET, BT EBMITKRD D 2 L AT HE Annealed at 723 K
T b, R T

Bk, (OR1E5 5, BlLomERFE O o 3 6 9 24

WEMIT 0 FEAHE L CREOBA T — X > b Annealing Time (h)
ERDIOTHBY, 2T, ORICBITLE B—6  The average magnetic moment 4 per
B TS 3.4 95, RS, Ml rrr
bhbhOEBRIZBE VT, BH B O IzRE line indicates a tendency of an in-

creasing of the average magnetic mo-

RIS K E CHEER 2 2 L3 E 2 VERSC
H b, T bbb, BWHEEE LW
as-quenched ® 2 ZH DK H1.5X10°[K ¥ 2 51.9X10°[K ¥ oMo 45+, % 7,
iRl L 7250k, as-—quenched DB L ) b0/ S % BOfE #1255 L5 12 H
RBo FMTHEBIHMLTCIhUEFERE LAV EIZT 2,

Bl BALHRIRE % F AR S8 T, 800C CTEBEMOT7T = — V4T o it FHC O W T EZ TAa D,
COEL) T B & IESE A4 FersBisSiold @ -Fe, Fey,B, 5 X0 FesSi (2524012408 L

THAIELTLE ) 2 & X —METOEBELSHB L Twd, D O@FEICd i snT
VR EBARIZI N, FesB, FesSi DMK E— A MY, ZhEh, 1.94, BXUL.674,
ThoHIENRESNTVD, 02060 TH L7 5 Fe BT IIHT 2 BETHO I,
FeB13Sig (24 L C,

ment.

a -Fe : FesB : FesSi =25 © 26 . 27 12
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bHo Thabb,
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=1(2.2215 X 25)+ (1.9 X26) + (1.67 45 X27)| /78 = 1.92 1,

H I

—-f B ®

Al -k

F—1 Spontaneous magnetization per gram,o (0), at T = 0 K and mean
moment per Fe—atom, . Experimental results are summarized on
an annealing sequence for three batches of samples of Fe,4B;3Sis.
Sample a Sample b Sample ¢
Annealing
Tine (h) o (0) m 6 (0) u QO] w
at 723 K (emu/g) (;zs/l"e—a!o-) (emu/g) (,uB/Fe-atol) (emu/g) | (u g/Fe-aton)
0.0 175 1.91 176 1.91 174 1.90
3.0 177 1.93 180 1.96 180 1.96
6.0 181 1.97
9.0 184 2.00
24.0 184 2.01
#F—2 Mean values of moment, 7., per Fe—atom (the average of three samples specified

in Table 1) and the percentage (%) of the Fe—atom in the « —Fe phase.

The percentage of Fe—atom in « —Fe phase is evaluated by the value of
magnetic moment (see text). In primary crystallization process, the stable «

—Fe phase, precipitates in the amorphous Fe—B—Si matrix.

Annealing Average Value Percentage(X) of the Fe-atoms of
Time (h) m the precipitated a-Fe phase
at 723 K (uB/Fe-awl) in Fe,q B ,Sig

0.0 1.91 0

3.0 1.95 15 + 2

6.0 1.97 19 + 1

9.0 2.00 31 1

4.0 2.01 32 1
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