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Crydallization Behavior and Electrochemica Properties of SispAlsgFexx Amorphous Alloys
as Anode for Lithium Secondary Batteries Prepared by Rapidly Solidification Process
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Abstract: This paper reports the microstructure and electrochemica properties of Si-Al-Fe ternary amorphous alloys
prepared by rapid solidification as an anode for lithium secondary batteries. The microstructure was analyzed using XRD
and HR-TEM with EDS mapping. In accordance with DSC analysis, annealing was performed to crystallize the active
nano-Si in the amorphous aloy. Thus, nano-Si forms (~80 nm) embedded in the matrix aloy, such as Fe:AlsSis, FeSiy,
and Fep4Size7, Were successfully synthesized. The electrode based on the Si-Al-Fe ternary alloy delivered an initial
discharge capacity of approximately 700 mAh 9, and exhibited a high Coulombic efficiency of 99.0~99.6% from the

2" to 70™ cycles.
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Fig. 1. Rapidly solidification process.

LS A& T paint shaker (Nara Science Corp.,
KM-2000T)& AR&sto] 15681t SAIEM6HA H+
T 8 ymQ 2TS Azstoy, vgAd d39 24
gt AHes A5 st 224 7129 Ar 2971
o] dXxg]JZoA 3 K/min®] £& &£ 2 673 K, 773
K, 873 K, 973 K9] &% JLItoA 1A17F §A] & 2
2 stk AN A Wi A AE S5l
B 7355k [15,16].

2.2 ZY3 NS Y ONTE BN

PR wEel 9 AS BAe AR FA 9
(differential scanning calorimetry, DSC, Netzsch
40412 A1g5o] Ar 7hx #917] SN S8 &% 3
K/mine 2 ZAstglon, A4st Hs #Ag st &
A= M9 EH=Z(ajeon heating industrial)S AR
sto] 673 K, 773 K, 873 K, 973 K9 2w oA 1A|ZF
SC Ar 2/ 7tA 29171 stollA AegstAitt. A
&2 BAXo XM A BA(X-ray diffraction pattern,
XRD, PANalytical, X'Pert PRO) AH|E 0]&35}o]
10~90°9] FAL Zte QoA 4'/min9] FAMER Cu
ko (A =1.5405A) E}1S AMgstgict. gh29] OjA] L&
= TEM (transmission electron microscope, JRM-
ARM200F) AH|S At835to] EDS-mappingyt SAED
(elected area electron diffraction) patterns 242
Aastsict.
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3 wt%9] K.B (Ketjen black, AkzoNobel EC-600]D) =
A ¥ 10 wt%e] NMP (N-methyl-2-pyrrolidinone)
L0fjof] 231= PAI v}l (polyamide-imide, solvay
torlon 4000T-HV) &8-S A7isiict. &Fv[H &2
Z22]E Cu AAA- 40 m $FC2 IRAZ &
383 KO QoA 2A17F &9t HAEAIZIT}. PAL HiQIH
AsHE 8 A9 EHY Z(ajeon heating industrial)
ArEsto] 2274 7FA 2971 oA 623 K, 147t
Axel2 MYtk Si @ AE Ao 2Qean
1.0~1.5 mg/cm??}t 0.6~1.0 g/cco]
=72 ols) A AZozt
Z(rockwood lithium)} Z2]ojgal Ea]ul(W-scope
Korea)& 1 M9] LiPFs7} 835 EC:EMC (3:7 vol% +
5% FEC, Panax E-Tec) X3S AE-5to] coin half
cell (CR2016 type)= AAfstdtt. Coin half cell
15% Ar gas 2 AYAR FRHuA(glove box)o A
£ E9lck,

HAE cycle A¥E2 0.005~2.0 vs Li/Li9] &t
welolA BfEl2] FWA Aol 22l(ADBT-5-1-36-S,
Espec)S Atgstol #adeQich 54UY2 AR B
7t 40 mA/g (0.05C-rate)o] = Ti7A] 0.005 VoA
AR Aol [AEE ﬁ A (constant  voltage)
CC-CV modesto] Fxlo] Ha8&Qlon], 80 mA/g
(0.1C-rate)?] A& wWr o] X F(constant current)
CC mEoA Bxlo] 438&]qlct.
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Fig. 2. (8 XRD pattern and (b) TEM image of SispAlsFex
amorphous alloy.
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Fig. 3. DSC plot of SgAlsFex dloy (dashed line indicates anneding
temperature used in this study).
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Fig. 4. XRD patterns of SispAlsFeyn aloys in pristine state
and further annealed 673 K, 773 K, 873 K, and 973 K,
respectively.
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Fig. 5. TEM and SAED patterns of SispAlxFen dloys a (a) prisine
sate and further anneded a (b) 873 K, and (c) 973 K, respectively.

Fig. 6. TEM micrographs of SisAlxFen dloys and EDS-mapping
of S, Al and Fe dements in (a) pristine state and further anneded
(b) 873 K, and (c) 973 K, respectively.
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Fig. 7. (a) Initid charge-discharge curves and (b) charge-discharge

curves on 2™ cycle of SisAlgFen dloys in pristine, anneded at
673 K, 773 K, 873 K, and 973 K.
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pristine state, and further annedled at (b) 673 K, (c) 773 K,
(d) 873 K, and (e) 973 K, respectively.
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