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(C) F839CO3gzr7B]_5, and (d) F633A5C038,52I’7B]_5CU1

DSC curves of four kinds of amorphous alloys at different heating rates: () Fes2C042Zr7Bg, (b) Fes15C041.5Zr7BoCuy,
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Table 1 Ty values of FeCoZrB(Cu) alloys as-quenched at
different heating rates (K)

BIK min™t 15 20 25 30
Fes2,C042Zr7Bg 806.0 810.2 814.1 818.2
Fes1.5C0415Zr7:B9Cuy 823.4 828.4 832.0 835.9
Fe39C039Zr7B15 815.9 819.2 822.2 826.5
Fess.5C03852r7B15Cuy 797.1 799.2 801.6 804.5
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Fig.3  Kissinger curves of as-quenched FeCoZrB(Cu) alloys
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Fig.4 XRD patterns of as-quenched FeCoZrB(Cu) alloys after annealing at different temperatures: (a) Fe42C042Zr7Bo,

(b) F641,5CO41,52|'7BQCU1, (C) Fe39CO3ng7B]_5, and (d) Fe38_5C038,52r7815Cu1
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Fig.5 TEM images, SAED patterns and HRTEM images of as-quenched alloys annealed at 823 K: (a, a1) Fe42C042Zr7Bo,
(b, b1) Fea15C0415Zr7BoCus, (C, C1) FesgCo39Zr7B1s, and (d, di) FesssC0385Zr7B15Cuy
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N 923 K I, ST BRI AL o-Fe AH I i () BE . X
Fes15C0415Zr7BoCut AR i A 42, A [RHR S #1546 4
{1 TR [R) BE 350 /N T 46 o-Fe AH B THIIBE, ELEUEAM 2
K, ANAT Fea2Cos2ZriBo &4, Zr i FIRA N T
a-Fe(Co) i t& o, 4i& XRD, TEMALVIM, Zr s AufEdE
m A, BEE R ER R TS, 8 Zr 5 Fe JRT
A1 B TR ZrCosB2 i, 53— #8743 Zr 5 Fe JRTZE K
FesZr AH A FE i B4R T i

X} FesoCoseZr7Bis &4, %A 4 o Lol & A B
1B &, AR EA S0 ST FER N, /D
T4l o-FeCo AH & 1f1 18] #H, 1 B AE BN S A R 3
B JR T [E A 3t a-Fe(Co) LA . %} FesssCo3s5Zr7Bis
Cur &4, LA Al BE # AL P F5 A 4 1 & 1 18] BE A /) T 40
o-Fe MHM MTHME, BFHEMELS RN, AFET
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BZr #H. Cu ¥ IN%t Fes2Co42Zr7Bo Fl FesoCos9Zr7B1s £ 4x
) & T 18] BE S MK, ¥R Cu J5 1 Fea1.5C041.5Zr7BoCu
F FesssCo3s5Zr7B1sCus A 4 2 A [A) i FE #v kb B S 1)t TR
&) PR AH I

K 345 T FesnC04pZ1Bg Fes15C0415Zr7BoCus s
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* 2 AMERESEETRIREALIEF a-Fe(Co)tH(110)&E EH
B & T (8 2R
Table 2 Crystal plane spacing d of a-Fe(Co) phase in four
kinds of amorphous alloys after annealing at
different temperatures (nm)
Temperature/K 823 848 873 898 923
Fes2C042Zr7Bg 0.2024 0.2032 0.2037 0.2035 0.2025
Fes15C04152r7BgCu;  0.2023 0.2019 0.2019 0.2022 0.2021
Fe39C039Zr7B15 0.2013 0.2013 0.2015 0.2011 0.2011
Fess5C03552r7B15sCu;  0.2022 0.2022 0.2020 0.2021 0.2021

*3 4MEREEETREEALIER a-Fe(Co)tH B & HL
Rt

Table 3 Grain size D of a-Fe(Co) phase in four kinds of

amorphous alloys after annealing at different

temperatures (nm)

Temperature/K 823 848 873 898 923
Fe42C042Zr7Bg 8.9 9.7 102 115 149
Fes15C0415Zr7,BoCuy  11.0 11.7 137 144 293
FessC039Zr7B1s 7.4 103 111 116 16.2

Fess5C035.5Zr7B15Cuy 12.7 13.9 18.8 22.3 32.5
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FeCozZrB &4, ANETAREIN Co K] FeZrB &4 (X
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MERD 1 FeCoZrB &4 N Cu i %, AReiL
O] R K B

3 4 it
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— a-Fe(Co)#H, Zr Ji T ¥ N a-Fe(Co) dm % H
FeasC0415Z2r:BCuy &4 Cu mmE Mg a7
o-Fe(Co) i LA 73 0, Sk HH & A Zr [EVE N Stk .
FesC030Zr7B1s it & & MWW A B i 7 [V A
a-Fe(Co) k% FesgsC0ag52r7B1sCuy & 4 Cu N
BRSO T A S A R, ) T ] AR A AT
H, 8T o-Fe(Co)l b AR 4, @ikt F8 ik
A B BN Cu i T &4 ki
VI AR R 2, 0T a-Fe(Co) I i ki R ~T

3) TE FesCosZrBy B4, RSFHUV/NI SR oy
MAEIE R EAA T, XN AA R Z R R R IR
7SN Cu 1) Feqy 5C041.5Z17BoCuy H 4 (1) kL RS AH X AR
N Cu BI&4A R, &k EN 5 815 3]0
. {F FesgCos9ZriBis &, FELIMMIAAR . R
FANAR kL, W a-Fe(Co)HIAT A-Mn 1 1) f
Fio FessC0sg52r7B1sCuy A 4 iR R SF A6 R 0 Cu
(& A BTG n, X 7 98K oKL IR B8 R dfORL 23 A
(R385 8, M A N B — a-Fe(Co)AH

4)  Cu It B & & FeggCogZr7Bys H 4 #i
Fe e PR AT Ak FR B2 K TR B 7% 2 FeypCo4Zr4Bg
G4 B Cu ILHEMIBIMEI T a-Fe(Co)dhAH 1
ki R~F, (HEE4R BT FeCozZrB &4, Cu LEME
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Effect of Cu Addition on Thermal Stability and Crystallization Process of FeCoZrB
Amorphous Alloy

Yu Wangiu®, Tian Bo', Wang Zhiqun?, Liu Yaodi'?, Sun Yaming®
(1. National Demonstration Center for Experimental Physics Education, Jilin Normal University, Siping 136000, China)
(2. State Grid Economic Research Institute of East Inner Mongolia Electric Power Company Limited, Hohhot 010020, China)
(3. Changchun University of Science and Technology, Changchun 130022, China)

Abstract: Fes;5C0415Zr7BgCu; and Fess 5C03552r7B1sCus amorphous alloys were prepared by adding 1at% Cu based on Fes2C042Zr7Bg with
low B content and Fe3qCo39Zr7B1s alloy with high B content. Crystallization curves and structure of crystalline phase of the alloys were
tested by synchronous thermal analyzer (STA), X-ray diffraction (XRD) and transmission electron microscope (TEM). The effects of Cu
addition on the thermal stability and crystallization process of Fes»C042Zr;Bg and FessCo39Zr7B1s amorphous alloys were investigated. The
results show that the addition of Cu slightly improves the thermal stability of Fes»Co.2Zr;Bg amorphous alloy, and significantly improves
the thermal stability of FessCo39Zr7B1s amorphous alloy. For Fes,C042Zr7Bg and FessCo39Zr7B1s amorphous alloys, there is obvious peak
shift at the initial stage of crystallization. For Fes; 5C041.5Zr7BoCu; and Fess 5C03s.5Zr7B1sCus alloys, there is almost no peak shift during the
crystallization process. TEM results show that the addition of Cu improves the distribution uniformity of nanocrystals and slightly
increases the grain size. The effect of Cu addition on the thermal stability and crystallization process of FessCo39Zr7B1s alloy with high B
content is greater than that of Fes2,C04,Zr7Bg alloy with low B content.
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