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Fig.1 Surface topography of W17.9Nigs ¢B135V3ribbon
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Fig.2 XRD pattern of the W179Nigs 6B13.5V3 ribbon
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Fig.3 TEM image and selected area electronic diffraction pattern

of the W]_7,9Ni55,5B]_3,5V3 ribbon
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Fig.4 DSC curves of the as-prepared Wi7.9Nigs6B135V3 amorphous

ribbon at different heating rates
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Table 1 Values of Ty, Tx and T, of the as-prepared Wi79Nigs s
Bi35V3 ribbon at different heating rates

Heating

rate/K min™ TJ/K TK - T/K - AT(T—Tg/K
10 776 795 810 19
20 780 803 818 23
30 783 807 821 24

40 786 811 826 25
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Fig.5 Plots of Tg, Tx and T versus Ing for the Wi7.9Niss 6B135V3

amorphous ribbon
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Table 2 Values of At and By for the as-prepared Wi79Nies.s

B135V3 amorphous ribbon

Constant TdK TW/K To/K
Ar 759.6 759.9 782.1
Br 7.1 11.4 11.8
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Fig.6 Kissinger plots of Wi17.9Nigs sB135V3 amorphous alloy
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Fig.7 Ozawa plots of W17.9Nigs.6B13.5V3 amorphous alloy

# 3 Kissinger #1 Ozawa ATt B H A Wi7.0NiescB1asVs IEMm
B O
Table 3 Activation energy calculated by Kissinger and Ozawa

equations for W17 9Nigs ¢B13.5V3 amorphous ribbons

Equation Ex/kJ mol™ Ep/kJ mol™
Kissinger 456.9 530.6
Ozawa 471.1 539.4

x4 LMEREESHRLEERE L

Table 4  Crystallization activation energy Eyx of several
amorphous alloys
Crystallization activation
Sample energy, Ey /kJ mol™ Ref.
Cus2.5TizoZr11.5Nis 296.52 [19]
Cu462r47AI7 346.8 [20]
ZreoA|15Ni25 402 [21]
CoussFeznTassBais 452.16 [22]
F653_5C0103i 13_5BgCU1 Nb3 374.4 [23]
F643_5C0303i 13_5BgCU1 Nb3 300.9 [23]

KIEOERE Epy Ex3/MT Epy KW Wi79Nigs 6B13sVs IF
mn e e i AU AR R, TR AZ BT AR B EOE B8/ TR AR KOR
P BOE RE T AZ I R EL R G R 1 22 o ST 1) i 22
B/, B, Wa7oNigs 6B1ssVs AR & 7E d bl f2 o,
TR KER S, FEREGEE —ERE TRK
B Ty ARAT A SR ZH 2

3 &£ i

1) BEFHIREZEEIE I, Wir9NigseB1ssVs dFfn &
SHFERE Ty, Ty TR mmETT Mz, Hidw
TBORH DX TR OK B 4 10 33 30 e A8 Rt A 7 A2 5 B AT )
FIF RN o

2) FIH Kissinger A1 Ozawa J5 23K H Y W17 oNigs 6-

B35V JF iy Y 1 A A B0 BB Ex 70 %1 4 456.9 F1471.1
kd/mol, 3 BH % & v 5 5 A 0 1 #iER M AT A5
EANTE A

3) FH Kissinger 77 A1 Ozawa J7 F25R H 1) 1L
PG e Ex Y/ T iR K KOG RS Epy R W7 oNigs 6
Bia.sVs I fi & & 7 S Ak Ik 2 HH TR A% BT 75 (s e /N T
R K KT R BIERE, R E A N AR T kG
Rl TRZE A

&E 3k References
[1] Gostin P F, Gebert A, Schult L. Corrosion Science[J], 2010, 52
(1): 273

[2] Chen Zhihui([%: % £), Yan Biao(J™ }%), Li Xiang(Z* #H) et al.
Metallic Functional Mateial (4 J& 38644 %H)[J], 2009, 16(6): 1

[3] Guo B, Tong Y X, Chen F et al. Materials and Corrosion[J],
2012, 63: 259

[4] Dang Shu’e(5% i), Zheng Xiaohua(FEIE4E), Yan Zhijie(1=]
£7) et al. The Chinese Journal of Nonferrous Metals( [E
A48 2 R)[J], 2007, 17(2): 296

[5] Ohtsuki M, Nagata K, Tamura R et al. Materials Transactions
[J], 2005, 46(1): 48

[6] Suo Z Y, Song Y L, Yu B et al. Materials Science and
Engineering A[J], 2011, 528(6): 2912

[7] Ohtsuki M, Tamura R, Takeuchi S. Applied Physics Letters[J],
2004,14: 4911

[8] Ozturk P, Hitit A. Acta Metallrugica Sinica[J], 2015, 28(6):
733

[9] Zhang Huayu(5k4£4%), Zhao Xianling(# %), Luan Xingang
(ZE5 W) et al. Hot Working Technology(# i T. T. £)[J],
2014, 43(2): 92

[10] Xu Huping, Wang Ruwu, Wei Ding et al. Journal of
Magnetism and Magnetic Materials[J], 2015, 385: 326

[11] Kulikova T V, Bykov V A, Belozerova A A et al. Journal of
Non-Crystalline Solids[J], 2013, 378: 135

[12] Wang Dapeng(E K M), Bao Xiaogian(fl/M &), Zhang Mao-
cai(k j€#4) et al. Acta Metallurgica Sinica(4: )& 243%)[J],
2009, 45(2): 237

[13] Lasocka M. Materials Science and Engineering[J], 1976,
23(2-3): 173

[14] Zhu Man(%k 3#), Li Junjie(Z22 74), Jian Zengyun('ZH4i8)
et al. Rare Metal Materials and Engineering (¥4 & J&#1 %l
5 T2)[J], 2012, 41(10): 1730

[15] Wu Huimin(EZ %), Sun Wei(#h B), Zhang Ze(k &) et
al. Rare Metal Materials and Engineering (Fi 5 & @Mkl 5
TF)[J], 2008, 37(5): 824



« 3052 « WA & REAMES T 5 46 45

[16] Kissger H E. Analytical Chemistry[J], 1957, 29: 1702 et al. Shanghai Metals(_I-if 4 J&)[J], 2011, 33(5): 19
[17] Ozawa T. Journal of Thermal Analysis[J], 1970, 2(3): 301 [21] Yan Z J, He S R, Li J R et al. Journal of Alloys and Compounds
[18] Chen Qingjun(BRFE%), Wei Dandan(ZE)}7/}), Zhou Xian- [J], 2004, 368: 175
liang(J& %% K) et al. Rare Metal Materials and Engineering [22] Yuan Zizhou, Chen Xueding, Wang Binxia et al. Journal of
(F 43 & Jm AR5 LFE)[3], 2009, 38(8): 1343 Alloys and Compounds[J], 2005, 399: 166
[19] Yang Y J, Xing D W, Chen J et al. Journal of Alloys and [23] Wang Zhen(F 11), Liu Jing(xl] ##), Wang Ruwu(7EIZ i) et
Compounds[J], 2006, 415: 106 al. Journal of Materials Science & Engineering(#1 &l k% 5
[20] Fu Tao(f} #), Song Huafeng(sR#:4%), Jia Yuanbo(E{ JGI%) TLFE2A3R)[I], 2011, 29(6): 929

Non-isothermal Crystallization Kinetics of Wy; gNigs 6B135V3 Amorphous Alloy

Liu Wensheng, Wu Yayu, Ma Yunzhu, Zhang Jiajia, Ye Xiaoshan
(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Wi7.9NigssB135V3 (at%) amorphous alloy was prepared by a melt spinning method. X-ray diffraction and differential scanning
calorimeter were applied to investigate non-isothermal crystallization kinetics of the amorphous alloy. Results show that as the heating rate
increases, the glass transition temperature, the initial crystallization temperature and the peak temperature grow up, suggesting that the
amorphous alloy has obvious crystallization kinetics. The crystallization activation energy of W17.9Nigs ¢B135V3 amorphous alloy calculated
by Kissinger equations and Ozawa equation is 456.9 and 471.1 kJ/mol, respectively, indicating that the amorphous alloy possesses high
thermal stability. The values of crystallization activation energy Ey is smaller than grain growth activation energy E, calculated by
Kissinger equation and Ozawa equation, which shows that nucleation process is easier than the grain growth process, indicating that
ultrafine grains structure could be easily obtained under certain conditions.

Key words: W-Ni-based amorphous alloy; amorphous ribbon; crystallization kinetics; activation energy
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