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Table 1 Samples, preparation atmosphere and phases of

Al-Fe and Al-Fe-C nanocomposites

Atmosphere/ ) .
4 Phase in nanocomposite
Sample (mol'm ~)
No. Main  Second
CH, Ar H, Others
phase  phase
A - 8 12 Al FeAl, -
Bl 0.4 8 12 Al FeAl, C
B2 2 8 12 Al ALC; FeAl, C
B3 4 8 12 ALC; FeAls  C

1.2 RIEFAELFDL
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£ 0.01~2.00 V H3 6 Bl NG IR 2 i 4k AEA
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W FEBME AR LAND CT2001A B R 45
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Fig. 1

XRD patterns of nanopowder samples: (A) Al-Fe
particles; (B1), (B2), (B3) Al-Fe-C
different CH,

nanocomposite

nanocomposite  particles, prepared at

concentration
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Table 2 Element content of samples A and B3

Mass fraction/%

Sample No.

Fe (6] C Others
A 7535 1075  12.58 - 1.32
B3 61.03 7.36 1093  18.57 2.02
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Fig. 2 Schematic diagram of Al-Fe binary phase diagram
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B3 &4 Al-Fe/C 40K 401 1) TEM HI HRTEM {2
Fig. 3 TEM and HRTEM images of Al-Fe/C nanocomposite particles: (al), (a2) Sample A of Al-Fe nanoparticles; (bl), (b2)
Al-Fe-C nanoparticles B1; (c1), (c2) Al-Fe-C nanoparticles B2; (d1), (d2) Al-Fe-C nanoparticles B
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Fig. 4 Potential—current density curves of Al-Fe/C nanocomposite particles (Electrode prepared by using nano powder samples (A),

(B1), (B2) and (B3), at scanning rate of 0.1 mV/s)
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Fig. 5 Curves (a) of first charge-discharge of samples A, B,
B2 and B3 electrodes at current density of 100 mA/g, and

cycling behaviors curves (b)

(1 VOB HL A 628.8 mA-h/g, TEHE 50 k5 28 R4
7 146.2 mA-h/g; FEd AL B1 A B2 B VUM HL 28 54
1k 348.8. 193.3 F1275.5 mA-h/g, fEFF 50 UG A
{REFLE 75.8. 74.7 F188.3 mA-h/g. It E] WL, 4 Fhah
KA ST A AR PG ER I R Ei K E/IMEK ) B3>B2>
A>Bl, KPEGHAT Y TG R T m i
WRetERE, [HN, 3EHEA IR &Y Fe, Als AHIVE K
AR T S A OB R A AR, s E R T
PR RS N R rEGERY . I S(hyrTan, FE
A WIAZECTRES B, 10 50 AN G W6 A
ZEFIRIN o HIE 3(02) WAL A B R IES R,
BT Li ST IYEGE R, IR N R RE e AT,
R IR AR RN [, FE& B o C itk
WA, 0O AR IR E PR PR

Al-Fe/C 9K G UMAAAE 1 IR AR O B 45 i
ek, LIRSS T LR i1 : Al-Fe/C 90Kk 1
KM & REND S LiRAEATT RN, A6 Li 1
AAHILL0), MRk Li ARG ARG M4
ZIAJE R SEL i, i e Lit i % 1S MW 5 78
Ho I R o A R AR I T A I 2R 530 o0 v,
ESCTEIN AL O
223 &4 Al-Fe/C KGRI BT

N T HE TR Al-Fe. Al-Fe-C 44K & &4 EHE
HAL 22 RE M, 0 IR T 4 B A4 R AR AE G R HT
(LI 6(a)) S HARFA 3 K JE (UL 6(b)) AL 7 B AT
W, AR B R R S R . AR 6 R L
FEil, 4 FRREPARAIAA A GEIRHAEIA Z B AT
BHBTRE B, 34 A X 1R — A 2F 53 LA B ARATIX (R
(Warburg BHBU) TR S (1) 2 [ KN 5 i 56 7
EFEA G, MRS [ E L5 Li e Ak 1
Warburg 3 U R HAH CPY, fE9IAGIRES, FEAL AL Bl
BITGHR S i i A4 R, P HA AL B Bt
HEERAE, AESY B2. B3, Bl C AR m O AR R
BB A AT . R WIS B RE, b2
PHATRAAE B o ) C B . R0 3 IS,
4 FIFE SRS TSI 35 b s A L X R A
Ji 2 [ AT X (1) 2k (Warburg BELBT) BT R o i#HIX.
()21 [ 5 Fa b e T SET BB BT 5%, AR (1) 2= 5]
5 W Aar e A i A D%, TR 1R B3 4y R Li
LE LR ) Warburg 3 HUR B <

FERTARAS « (G 5 DR AT IV (1 4 ol 25 2 v 5 1
e, Ry LR, Ry b Li'E WA RL R4
HLBH, R; 4 SEI EHLPH, W, A Li'#f Al-Fe. Al-Fe-C
YKATRLHLR P ) Warburg BHATT; CPEg by HA 5 Hafil
W R s, B HARORT L A TR PR S T A



o5 28 & 7 0 )T, S5 A< AlFe/C AR RL TR BRI I UH AL AT 1367

1000

800

6001

_Z!//Q

400

2001

0 200 400 600 800 1000
70

250

® g, cPE, CPE,
200f
R3

150

-Z"1Q

100

50

0 50 100 150 200 250
70

6 FEdh AL Bl. B2 1 B3 &4 MR (a) 3 IXTE

TR () 0 BE 42 0 1R R A5 208 e e 1 B o) h

Fig. 6

samples A, Bl, B2 and B3 electrodes: (a) Before initial

Nyquist plots and equivalent circuits (inset) for

charge/discharge; (b) After third cycle
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Table 3 Equivalent circuit parameters of samples A, B1, B2 and B3 electrodes

Sample Before cycle After third cycle
No. R/Q R/Q Dy/(m*s™) Ip/(mA-cm ) R/Q R/Q Dy/(m*s™) Iy/(mA-cm )
A 2.40 368.50 3.4X107' 4.53X107 2.60 75.20 2.6X10°° 1.52%107°
B, 10.07  219.90 43X%107' 7.59%X10°° 2.05 113.06 2.0X107" 1.59x 107
B, 8.08 60.14 3.4X107' 277X107* 7.24 84.51 8.1X107" 1.72x107
B; 9.73 71.03 2.1X107 235X107* 13.38 120.16 12x107" 8.93x107*
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3) 7 4 mol/m® FEEIR 5 4514 T il % [¥) Al-Fe-C 4
KBL T, T B ALCs. Fe,Als AT SR AR K B &
K, RIS I AL E TR RE AR R RS e Ve RE,
YR 785 628.8 mA-h/g, 50 KT G 75N 146.2
mA-h/g.

4) AR AR B T IR A A R T R I AR E T
SIS, B Li I HOE A AR IR AR A B i
W, SR A Fe, Als M R TR i 78 B0 i 7%
SRR A, A S T AR P AR T TR RE .
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Formation mechanism and electrochemical behaviors of
Al-Fe/C nanocomposite particles for lithium ion battery

CHENG Ting, GAO Song, DING Ang, LIU Dao-lin, HUO Feng-li, GAO Ming, DONG Xing-long

(School of Materials Science and Engineering, Key Laboratory of Materials Modification by Laser,
Ion, and Electron Beams, Dalian University of Technology, Dalian 116024, China)

Abstract: Al-Fe and Al-Fe-C nanocomposite particles were prepared through DC arc-discharge method under a methane
atmosphere with micro-sized aluminium and iron powders as the raw materials. The formation mechanism, structures,
morphologies and electrochemical performances of the nanoparticles’ samples were studied. The effects of carbon atoms
on the composition, phase structure and electrochemical properties were studied, and the formation mechanism of
nanoparticles as well as electrochemical intercalation/deintercalation of lithium ions were also discussed. The results
indicate that the Al-Fe particles prepared in a carbon-free atmosphere are spherical in shapes, meanwhile, the
carbon-containing atmosphere causes the morphology of particles columnar or linear, the composition changes from Al to
Al4C; and from FeAl, to Fe,Als in Al-Fe-C nanocomposite particles. The first discharge capacities of four kinds of
nanoparticles’ electrodes are 348.8, 193.3, 275.5 and 628.8 mA-h/g, under the current density of 100 mA/g, respectively.
The presence of intermetallic Fe,Als in the powders favors to improve the capacities and restrain the volume changes
during the intercalation/deintercalation of lithium ions, thus the cycle stability of electrode was greatly enhanced.

Key words: Al-Fe/C; nanocomposite; lithium ion battery; anode; DC arc-discharge method
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