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Abstract: Owing to its long cycle life, high

energy density, low self-discharge FeC‘* SH0
performance, good thermal stability, and
@—@

insignificant memory effect, lithium-ion

J

battery (LIB) has attracted research -

attention as one of the most promising ‘CHZOH)Z

energy storage devices. In this study, as @
LIB anode materials, polyacrylic acid Fe,0, (PAA)

(PAA)-modified Fe;04@C core—shell

microspheres were synthesized by a hydrothermal method using glucose as the carbon source, and their electrochemical
properties were investigated. As-obtained samples were analyzed by X-ray diffraction (XRD), scanning electron
microscopy, thermal gravimetric differential thermal analysis (TGA-DTA), and Fourier transform infrared
spectroscopy (FT-IR). The electrochemical performance was investigated, including cyclic voltammetry performance,
cycle life, rate performance, charge-discharge cycles, and impedance curve fitting. The PAA-modified Fe;O4@C core—
shell structure was successfully prepared. Uniform microspheres with a particle size of ~310 nm were obtained, in
addition to a uniformly coated carbon layer with a thickness of ~30 nm. In addition, the Fe3O4@C core—shell structure
effectively relieved the volume expansion during constant current charge and discharge cycles and prevented the rapid
collapse of the crystal structure. A large number of carboxyl groups in PAA exhibited a surface modification effect on
Fe;04, effectively preventing particle agglomeration and ensuring good dispersibility. The effective carbon coating can
improve the electrochemical performance of Fe;O4 as the anode material of LIB. The enhanced ionic and electronic
conductivities were beneficial for its specific capacity, coulombic efficiency, and cycle stability. Moreover, the
Fe304@C core—shell microspheres maintained a specific capacity of 655 mAh/g after a constant current charge and
discharge cycle of 370 cycles at a current density of 100 mA/g; hence, Fe3;04@C core—shell microspheres can be
considered as good candidates for application as LIB anode materials.

Key words: anode materials of lithium batteries; polyacrylic acid; FesOs; hydrothermal; electrochemical performance

ks : 2019-10-09, f&[E: 2019-12-21, MEKEFRK: 2020-01-19, Received: 2019-10-09, Revised: 2019-12—21, Published online: 2020-01-19

HEEWE: “H4 a'ﬁfﬂiﬁﬁﬁﬂjﬂﬁﬁ(ﬁ 7: 1908085ME151); [EZ H AR VBIIE Gi'5: 51772004)

1EEET: A&BR(1995-), L, WTHBHTA, WMEWRAE, MERYS TESTI, E-mail: 2862770444@qq.com; X %M, @EHECR AN, E-mail:
alxia@126.com.

Sl Rk, E5F, 2, & RNHRIEMN Fe;0,@C B e AR i & K H AR B F il il iy e 2= P e, i f2 LR 244, 2020,
20(9): 1114-1120.
Zhu L, Wang F Y, Li J, et al. Synthesis of polyacrylic-acid-modified Fe;04@C core—shell microspheres for lithium-ion battery anodes and their
electrochemical properties (in Chinese). Chin. J. Process Eng., 2020, 20(9): 1114-1120, DOI: 10.12034/j.issn.1009-606X.219340.




59 3 ARIRSE : RS RAZ ) FesOa@C A% 7o UK (¥ il 28 S AR RIS 7 it bl PP A LA A P i 1115

BARBERIEIHR Fe:04@C 2R MBkMFIE A EEES TR
AR RV F R
IFF, & F Lypu', R4,

LB R R R 2 S TR R, 2B Bl 243002
2 SRR S TR, 28 &8 230601

k A1, AEHh"

B . HETHMEARA IR RER . —, FAEAES AR, EEFERER. BBERIK. RREEReLr. 12100
ARSI, QRO REIRTUIIAT FE A AR TAR LU IR IR(PAA)Y B I RAEZ) 250 nm 1] FesO4 TN, HI&EHE A
B, LK PGERIE T FesOa@C #ZTe MR, W TEHAF B e 7 v b SR A AL 2 P o S XS ERAT S (XRD) 34
HIE(SEM). A HE(TGA-DTA)FIME B ZLAMEIH(FT-IR) ST Bosf RRAE, IR JEA R 2 Rp i 2. M IERE MR £ ERe
MLk, TSR i A BT A AU G i 2GS B Fe L b vk . SRR, il R IR A MR IR (PAA)Y B 1] FesOa@C #2524 ik
ERERIRGEEE, RiARty—, PHRGTZ) 310 nm, BRZREOLHE, ©EH, THEEL 30nm. FeO0s@C KL A MM T
R A S R T AR, 8 T AR S A I ARIE SR . PAA th KB IRR BN FesOs 22 R HERIME M, A 20k %
TRRLERE, fRIE T RAFE 8. BA M EE IS FesOs MEHMEHE B T R SR RHK B T AR T fL S, AN P

B R ARG R E M . Fes04@C HFeMMERAE 100 mA/g HIREEE T, {HRFHOBMERF 370 BlJS, hBEfRHF 655 mAh/g i

HILLA R, 20N VOB 50%, BAT REFIABIRFFE.

KEEIA): A ORI RL RINIGIR: FesOus /KIGE; HALZEVERE

FEISHS: TQ460.6+4 THFRIORE: A

1 " &

BB HLVB(LIB)/E oK SR HL B IR ZE A e AR 48 B
MM EEZ IR, Ca) ZNH. BAMK. HEK
0F. e (e e M BLAG IR 77 dr K it AL 3h 4
BT E R H AT SRR TR Sz 03, AT
EHVBVERE, AT ISR T SR R AR
Wik &R G S SR AMYE. XLk,
HEERA (FesOa)VE N SUARARL LA FRARE L 22 A VAT i 2
W28 §(926 mAh/g), SZE 2 R0, BB TR N~
Bt R I FR AR BEAR AR AR A, A TS A BRI SR O 22 454
SERNE, SHULMOR I K 7 B PR S, AR R
TEAL RS, BHAS T FesO4 /2 LIB SAR 5K
BRALH o N T SZfRIX L)@, WA G OARE T HAE
B, —RUR A EASAIN FesOs PUKEEM, —EFEE
AR AR, AR YR s SR
ST G B, anfk, DAOREF R SE A,
FEAE 78 H/ TR0 H I R o 3 K R AR R AR KT, Beheral '
ILVTIEEA L T K42 10 nm [ FesO4, 7E 100 mA/g )
BN, FERCRIEE 200 [8), Lz EAR4EREAE 1000
mAh/g, FARF AR ERRE A T FesOs FUKLIKIZN

XEMRS: 1009-606X(2020)09-1114-07

KR, HRifR¥)—. Zhang Z£01LL PEG-2000 AHRJE,
RIS FIFRTTIER4 T R B4 Fe;04/C ER, 1E 0.2,
2 F1 5 CASZ T T 70 X AR G, Hr A =
43935 984, 620 F1 460 mAh/g, AELH A2 E TG PERE
FAR R A 2k R o

R TAETER % FesOs EFEHIMAN T R NIHER(PAA),
KEMRIEIEHHTE FesO4 R, X FesO4 TR MIE
Wi, PRIE T Hom Bk, A Rok e 7 I, HoNikT
EMaERMET RIFM&FMSE. EhAEHRE,
Fe;04@C B 7 BUMORA MR | FesOs AR, 1F
VRS T R AR B T R AT E AP RE

2.1 #EmlE

INIKE Z AN (FeCly-6H,0) LK LIR#H(NaAc)-
L WE(CoHeOo) I ZIHE  N-HIJERE g bt i 35 Sy 73 #fr 46
(EZ LB RAAE R AR, Tk CREGHTaE,  Lifg
IR AAFAIRA A, BFGIRPAA, 7riral, bifg
FuMAENRHECA R AR, RWEOIHRILSE, T8
T E R S XA AR AF), Super P, IRIITH
Bl B IA B R A, B s iakm e S5 5 35 B8
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20 %

iR, RATIE—D4Al,

Fe;O4 ORI & . RAE NG, BTN T:
# 1.08 g FeCly-6H,0, 0.018 g PAA ¥ fi#T 40 mL Z —- %
L, CBZRAERET 60 CKIBHRL BRI T
W, WEDIPFEZ) 0.5 h BEREL E VAR, 19308 Uik
SRIGIEIENEFESA T, NN 9gNaAc, f5 NaAc 52
fif G AR SR | h RG], AR B 2 i R ARV
WS 2 m i R R Y 2 R (R A 50 mL), fE 220°C
FAF NN 14 he RMTERUS, PRSI ZER,
FrE EEMPIRIEW, K Pe T R o e, A s
B, BETFRKRTKORESTE =K, BT 4 CHRATE
#H, 133 B AN KN Fes04 kK.

Fe;04@C 72 BRI £« LA £ (1) FesOu fBk
K%, CVEIEREATRAT AR, KL% Fe;04@C 1%
FERER . FAE R . FREL 0.1 g FesO4 fiERAT 4 g
HIEDHE, M\ 40 mL 223 7/K, =R F 28X 30 min,
R S0mL JeNEH, BT 180 C XM 200 min.
SRR G, KRR B AR 5, BE K
FTKGBES e =k, BT 40 CHEF T & H 5
Fe;04@C %7 BLTR
2.2 MRS

i D/MAX-2550V (Rigaku) ! X $H£EATSH(XRD,
HARFEZAT, Cu#l, KN 0.154 nm)XFE S &bk
SERPEATRAL : FH ISM-6700F B394 B T 2 4385(SEM,
H A B 20 J) X RE RS T RAE: F DTG-60H 2 #
F-ZERSHAUTGA-DTA, HABHEAT), E5R
Bl. JHEE#EZ N 10 °C/min FoWrkefhkE; A
Nicolet-6700 7! {8 HL A5 27 40 3% 3 AT A (FT-IR 3 [F
Thermo Fisher Scientific 23 &7])JRAE i LA I

2.3 Fe;04@C TAEEBARAHI & K BB L M RE MR

F 40 5K |t (CR2025) #F 47 A6 5 1 B8 4t
Fe;04@C %7 BUMER . Super P SR (6 £ M5 14 WL 4%
wE 7:2:10 A, SRJE TN N-F IR i e e 22 3 AR
REBI5 . BRI RE IR EWE ., 60 CHS
T8 12 h Hi75 TAEH M. F CS310H HAb2: TAERGR
DRHERR) ST Fes04@C A% 58 BYER ¥ F Ak 2 P RE R 470
e AERBAINFER PR B, DL REE N
HLH, 1 mol/L LiPFe ¥ 155 BE /K Lk B R . L BR(EC) A
TR — FF g (DMC) A N HL A o7, 5% TR M (PP) Tt L S
(Celgard 2300)/F R 5L . X264 by ) v b gt A7 1E L A 78 FE
SRR, AR E A 0.005~3.0 V. fEHLAL 2 T AR,
FIHTIEMRZ(CVYI, BATERDY 0.01~3 V,
THEN 0.1 mV/s; FHX AL EEBAPTIE(BIS)ZHA Tl &,

D E) etk (i R R 2 S mV, B TEEN 0.01 Hz~100
kHz.

3 ZREIT®

3.1 HREHSHIRFE

1(a) WA I RIE G BRI IR FAE T FesOs BRI
SEM K, K 1(c)&ME 20 MuEREAEEIRE S 1
A WE 1) I, Fe;Oq ERPR LT EHE, Wik
5. RARG s mRmE, KRS0 mFEEPE
220~290 nm, P14 250 nm. B 1(b)& = iR K Ak i) &
1] Fe;0s@C 5 U5ER, 1 1(d) i AL & 20 /4
HEREAERRAES T E . AE (b))l 0L, 26K
BB G Fe;04@C KL IRFFE SCIF HIBRE 454,
BRRMAHERREAE, KRBOTE HEEEMRMER
RIMABRENIEH, H21 Fe:0.@C e B fEkRI
HUEE G R o Bt o 1K= T PAA BN, HRmAAE
BRI TR, 5 FesO4 FEmMR ML EREH, A
A RIFHIsEKME, BEA RO % Fe;04 BRI R, HFI
TR—SHmENRINEE, RIET Fe;0.@C 7R
BRI 3B . RIARGTH R, FesOs@C % 5e BBk
RSFor A E A LE 260~370 nm, PR~ 310 nm.
muk, AT HAER C ERFE A 30 nm.

NTHEF B R RAR 2R, W FesOs fBR 2
Fe;04@C #Z R RMERIEIT T XRD MR LS K
(1) FesO4 143K 1Y) XRD fi75F 1, 7 20 4 18.37°,30.06°,
35.40°, 37.05°, 43.02°, 53.40°, 56.92°, 62.48°, 70.83°,
73.94°, 74.95°, 78.74°, 86.66°F1 89.53°F B ik (1] Fes04 T
WU, 3Rt LT FesOs i f(111), (220), (311), (222),
(400), (422), (511), (440), (620), (533), (622), (444), (642),
(731) BB, X A7 G e 5 T 00 7.7 G5 K4 1R FesOs AR HE
$edE - JCPDS No.19-0629 —#, H %A Bl HAh
eI, RIS — S S5 FesOu i, B8
)2 JE 13 3 1) Fe;0s@C 125 B4R 1) XRD AiTit B,
MRARVEAT H B S 1) 244 S 0 5 ELAE 260=20°~30° P tH BT
(TG 8 TEAT I U, R BHALTE 1)k 2 72 T T I E i ik o

I FT-IR MHARAE FesO4 TFK K Fe;0s@C 7%
BRI T RER], 45 R 3 iR BRI, FesO4
H1 Fes04@C 1) FT-IR EELE 480 cm™ [ty Fe-O [
RSN, {F 3235 cm™ BTN O-H 45 R 5
REAEIE, 1629 cm ! i N H-O-H KI5 #h4RsN1Y, TMifE
Fe;04@C W, 7F 1070 cm' AL IR SIE R . C-O )
iRz, FRILE FesO4 MM ) 738K Z 1.
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Bl 1 FesOs ERFI Fes04@C 17 BUER Y SEM B K b2 4t i or 4 B 7 K

Fig.1 SEM images and particle size statistical distribution histograms of Fe3O4 microspheres and Fe3O4@C core—shell microspheres
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Fig.2 XRD patterns of Fe3O4 microspheres and Fe;O4@C core—
shell microspheres

4 N Fe;04@C e BRI TGA-DTA #h4k.
EERAST, S5 B EEINAS] 800 CHY, ke5E
AWhbe, FHER COy JGHER, B3 r=y ek E .
MR SCHiR[14,15], 767233 FI 800 CHRREE&AMT T, &
FEAAMLL Fe,05 TEARAFAE. K 4 W[50, DTA ifhizk
200~400 C HHL T 2 AN, (B0 TGA #h it
AR . TN, X R TE IR FE G
IF B M AR B35 K 5, 1T FesOg W H Fe2 B T 4 THIA

120

—_
(=3
S

Tranamittance/%

®©
S

60 S S R
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3 FesOs TERA Fes04@C # 5 HHERI FT-IR i
Fig.3 FT-IR spectra of Fe304 microspheres and Fe3O4@C core—
shell microspheres

Ak, B EA AT, AR DTA fZmT W, 78
545 C Ak H TR UG FFAE B TR R, U AR 1 2 Bk
)52 K FesO4 ] FeOs Mtk . &0HH, FesOs@C H
A 4wt%, Fe;04 N 96wt%, RIZLL T AN EEWIH
HIR LA E=C T 5 H 73 & Ex372 mAW/g+Fe;04 T 5
FIE 4> & 8:x926 mAh/g. [RIt, ESYIRE LA =
=372 mAh/gx4wt%+926 mAh/gx96wt%=903 mAh/g.
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3.2 BLEFMEE

Kl 5(a) N Fes0.@C %5 B pBRAE B ALY 0.01~3
V. H#EEER 0.1 mV/s MK T3 25 AR 22
2. WEFTR, 25— IR RAIE, BIfkiEA: £=0.6
V, N Fe 0N FeX IR g, it 2 H i s i
O3 PR TE R A LR R AL 2 . AEBRRR AT IR, TR
HFHBRIEN T E=1.6 V, XN Fe? AN Fe* U0l i
TR R AR B R NN

Fe304t+xLi*+xe —LiFe304 (1)
LixFe304+(8—x)Li*+(8-x)6e —3Fe’+4Li20 2)

TEZ JG WIEH A, WERL A fmAs, R FesO4 M
PR AL, IR S R SAFAE — 8 R AN mT
P, AL FIR R /), R B S AR LG R R

Kl 5(b)A Fe;04 Fl Fe;04@C MIPEMMERE - TEVIEATE
IR 5 TR L A B KR 3, X %M RHER]
BIRFR IS FE AN LB IS o T E B IR R i L A
WA R Li,O F Fe, J& T AN RN, B f5 &A= Fe #1 Li
T I S B, 1ZId R BE A AR AR, SRR &
TR 7180, A, AL, 100 mA/g
B, FesO04@C M7 LL A =AERT P MEFR M 1306
mAh/g ZURI% S 847 mAh/g, SRJGTE 70 MEH N 1S
P2 244 mAh/g, TJEFIGZREIEINE 370 MEH, 14
655 mAhg, ZINTE TR 50%. SR1T, 1A%
100 mA/g F 370 NMEIREF, Fe;04 U {#EFZ) 166 mAh/g
78 FEL B 25 . FesOs@C HTBCEL LL 2 R 7E 100 A /= 47
e EFRIRES, 5202 T A G AT FesO4 kL
R AR R A RO, DL 45 R B Fe;0.@C
e BURER (1) AL SR BRI A1 T FesOu ERM B

Kl 5(c) A FesO4 Fl FesO4@C 1E N HL AT BHEA R
A T R, BT, MEBRE A H 0.05C

W% 0.25C, PIFPHARADRI R L AR S 38 SR BRI,
HHAT 50 REMTEARLE K] LAE H, AR RO L 2
B H KA RS, 50 B2 EREA G B, hif
RYERERMR R IEIE T 45 B, pH b DU L 2 a2
FE AR B P90 R SLAT RIS R 3L RIVE R, TR B
MO, ARV RRINAZE R, A EICK A LS
EH, 5 S) G R EE R — 8. SRR AT RE
& BT 7R R AR AR R AR AN AT I e AR A LioO FH Fes
W8 J5 KA Fe A1 Li (T30 S 0, I R v B AR AR 1R A2 4k
SEA R HHEIFEEIE 2 0.25C B, Fe;04@C i
HLE 2 B BF 2 120 mAh/g, Fe;O4 P 100 mAh/g LA
To HHEMHFEMEZE 0.05 CHf, Fe;O4 A EHEKE
% 183 mAh/g, Fe;04@C HLH M KL AT LA & 2] 240
mAh/g. XF LRI, FesO.@C HARARI A7 M REAR T
Fe;04 3K

Kl 5(b)F1 5(c)ZE RAZH T Fes0s@C HE A HMR IR
WE T ORURLI A R, PR IS TEAP R SR, R)E
AR T FRR B TP BUE R, AR Li BT
B TIEVEXIR, AR B AR B EGE, Fes0s@C
% 5T B GYBR 25 K] [R) I el 4 1 E EA /50 2R S ] 1) A AR AR
HE IR, /T o

Fe;04@C HLMRAE 100 mA/g I HLIAL 25 B R 178 HU/K
ML W S(d)FTR . EF— ORI Z A, ¥R AL
FELIN 070V, HIJBUEEL RN 2045 mAh/g, B
T Fe;04@C FEAZ L EE 45 5:(926 mAh/g), 5 Fe;04
FH IR AR ) SRR R I R S ABA20-221 0 2 30 G 1) J R 2 i
A HL AR TR S TET (SED IS (T A RV ) 2 R B B LA &
VIR . T 7 YR 7 L B ¥ B 1299 mAh/g, HAF & 1)
Pk FER B IR T R R AR T AN ) . 7 B
JE I SAIR], 25 8560 3, 105 PREF R U 78 HL/iK
B R, R Fe;0.@C AR RIFHA R IR

TR FORE S R A SR R ZE e, R AT RS TR
PUEIS)MR, Wikl S(e)Frn. sl BHpT A i AR
L7 R 5 R L 5 A o ) KR R BEL, A3 DX 3 2
(3] 2 7~ AT 2 7 LB, R Xk H PR R 2 s 5 LA
FEEFR I Li & 74 8O 9 1 Warburg BHPT.  H1 B AT %0,
Fe;04 5 Fe;04@C BB RR W EL B 5 2 400 Q, {H
Fe;04@C MR T el 2 BB 79 #1521 ek
#. RQNHH T HARIAA:

D, =RT*/(24’n*F'C’c2) )
A, D NEE T AT (mYs), R NAEHEE

[J/(mol-K)], T AH/RIREK), A NHERFR(cm?),
n NGB E, FONERSEEE(C/mol), C NELES
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TR (mol/L), ow HIRAAKEH HU(Q-om?/s'?). S, FesOs@C RFRF /N, RIS 79 B, 5
SONFERIIBETTE R, B RERRIDGRIAR B 5(e)— 2, &Y Fe;0.@C IR EN 71 R AT, 1431
WL daXQHL AR FASHEE T R T HR R TERE

1400
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I 1200 o Fe0,aC
0.0 - G
< 2 1000
= i <
EREoe E 800
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K5 (a) Fes0s@C MR L M2k (b) FesOu Al FesOa@C IFEMPEREIZE; (c) FesOa Al FesOa@C FEANA HLLE L T 1%
PEREHIZE: (d) FesOs@C FIFE R/ HIZE s (e) FesOu Ml FesOs@C HIZZIR BRI K (f) FesOs Al FesOa@C P HTILL A
Fig.5 (a) Cyclic voltammetry curves for FesO4@C:; (b) cyclic performance curves for FesO4 and Fe3O4@C; (c) magnification
performance curves for FesO4 and Fe3O4@C at different current densities; (d) charge/discharge curves of Fe3O4@C; (e) AC impedance
characteristics of Fe3sO4 and Fe3;04@C; (f) impedance fits of Fe3sO4 and Fe;04@C

TN (1) HI& R R GHER(PAA)YEIK Fe;0.@C #5e 7Y
- ERERIRE B, hifRdy—, FIIRSF 310 nm, BR)ZEK M
DARI A B BRE, K HGER &SR BN IERR(PAA) i, QENA, FHEREZ 30 nm.
B FesOs@C %7 BIMER, FEX H ARG ol (2) PAA HREHFRIEIEFINT FesO4 2] T 21 24
TESA AL 22 REREAT T 9L, BRI T 48 PEROVER, A R S 1 ks i 3R

4
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FUAEETERS 370 B 5, UIRELRHF 655 mAh/g LB

wE, BRI TERE.

[3]

[4]

(3]

(6]

(7]

[9]

[10]

[11]

Lee M, Hong J, Jeffrey L, et al. High-performance sodium—organic
battery by realizing four-sodium storage in disodium rhodizonate [J].
Nature Energy, 2017, 2: 861-868.

Lee W W, Lee J M. Novel synthesis of high performance anode
materials for lithium-ion batteries (LIBs) [J]. Journal of Materials
Chemistry A, 2014, 2(66): 1589—1626.

Byungyoung J, Hyungseok L, Yangkook S, et al. Synthesis of
Fe;04/C composite microspheres for a high performance lithium-ion
battery anode [J]. Journal of Power Sources, 2013, 244: 177-182.
Zhang J N, Wang K X, Xu Q, et al. Beyond yolk-shell nanoparticles:
Fe;04@Fe;C  core@shell nanoparticles as yolks and carbon
nanospindles as shells for efficient lithium ion storage [J]. American
Chemical Society Nano, 2015, 9(3): 3369-3376.

Hao S J, Zhang B W, Wang Y, et al. Hierarchical three-dimensional
Fe;04@porous carbon matrix/graphene anodes for high performance
lithium ion batteries [J]. Electrochimica Acta, 2018, 260: 965-973.
He C N, Wu S, Zhao N Q, et al. Carbon-encapsulated Fe;O,
nanoparticles as a high-rate lithium ion battery anode material [J].
American Chemical Society Nano, 2013, 7(5): 4459-4469.

Pan Y, Zeng W J, Li L, et al. Surfactant assisted, one-step synthesis
of Fe;0, nanospheres and further modified Fe;0,/C with excellent
lithium storage performance [J]. Journal of Electroanalytical
Chemistry, 2018, 810: 248-254.

Wu Q H, Zhao R F, Zhang X, et al. Synthesis of flexible Fe;04/C
nanofibers with buffering volume expansion performance and their
application in lithium-ion batteries [J]. Journal of Power Sources,
2017, 359: 7-16.

Wu Q H, Qu B, Tang J, et al. An alumina-coated Fe;O,-reduced
graphene oxide composite electrode as a stable anode for lithium-ion
battery [J]. Electrochimica Acta, 2015, 156: 147-153.

Behera S K. Facile synthesis and electrochemical properties of Fe;0,4
nanoparticles for Li ion battery anode [J]. Journal of Power Sources,
2011, 196(20): 8669-8674.

Zhang Q M, Shi Z C, Deng Y F. Hollow Fe;0./C spheres as superior
lithium storage materials [J]. Journal of Power Sources, 2012, 197:

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

305-309.

Xuan S H, Wang Y X, Yu J C, et al. Tuning the grain size and particle
size of superparamagnetic Fe;O4 microparticles [J]. Chemistry of
Materials, 2009, 21: 5079-5087.

Maroni F, Gabrielli S, Palmieri A, et al. High cycling stability of
anodes for lithium-ion batteries based on Fe;O4 nanoparticles and
poly (acrylic acid) binder [J]. Journal of Power Sources, 2016, 332:
79-87.

A T B K A ) & D B M R AR K R BRI AT
[D]. R RHEKF, 2012: 12-15.

Zhang W. Preparation and application of functional nanomaterials
base on the hydrothermal process of glucose [D]. Tianjin: Tianjin
University, 2012: 12-15.

Wang C D, Zhang Q M, Wu Q H, et al. Facile synthesis of laminate-
structured graphene sheet-Fe;O4 nanocomposites with superior high
reversible specific capacity and cyclic sability for lithium-ion
batteries [J]. Royal Society of Chemistry Advances, 2012, 2(28):
10680-10688.

Lian P C, Zhu X F, Xiang H F, et al. Enhanced cycling performance
of Fe;04-graphene nanocomposite as an anode material for lithium-
ion batteries [J]. Electrochimica Acta, 2010, 56(2): 834-840.
Bracamonte M V, Primo E N, Luque G L, et al. Lithium dual uptake
anode materials: crystalline Fe;O, nanoparticles supported over
graphite for lithium-ion batteries [J]. Electrochimica Acta, 2017,
258: 192-199.

HuMJ, Jiang Y Z, Yan M. Scalable synthesis of Fe;0./C composites
with enhanced electrochemical performance as anode materials for
lithium-ion batteries [J]. Journal of Alloys and Compounds, 2014,
582: 563-568.

Zhang M, Gao M D, Fu Y M, et al. Ultrafast/stable lithium-storage
electrochemical performance of Fe/Fe;O4/carbon nanocomposites as
lithium-ion battery anode [J]. Materials Letters, 2016, 185: 282-285.
Zhang W M, Wu X L, Hu J S, et al. Carbon coated Fe;O,
nanospindles as a superior anode material for lithium-ion batteries
[J]. Advanced Functional Materials, 2008, 18(24): 3941-3946.

Ban CM, Wu Z C, Gillaspie D T, et al. Nanostructured Fe;O,/SWNT
electrode: binder-free and high-rate Li-ion anode [J]. Advanced
Materials, 2010, 22(20): 145-149.

Huang L, Cai J S, He Y, et al. Structure and electrochemical
performance of nanostructured Sn-Co alloy/carbon nanotube
composites as anodes for lithium ion batteries [J]. Electrochemistry
Communications, 2009, 11(5): 950-953.



