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Co3;0, and expanded graphite self-assembled polyhedron composites
used as anode materials for lithium ion batteries

OU Yun'?, TANG Zhiyong' , HUANG Dengfeng' , ZHAO Tengfei' , LIU Longfei' , CHENG Juanjuan™
(1. School of Materials Science and Engineering, Hunan University of Science and Technology, Xiangtan 411201, China;
2. Hunan Provincial Key Laboratory of Health Maintenance for Mechanical Equipment,

Hunan University of Science and Technology, Xiangtan 411201, China)

Abstract: As a cathode material for lithium ion batteries, Co;0, has attracted much attention due to its high
theoretical specific capacity of 890 mA-h/g. In this paper, Co30, and expanded graphite self-assembled polyhedral
composites (Co30,-EG) were prepared by simple chemical solution method and heat treatment. When used as the
anode material of lithium ion battery, the reversible capacity of Co;0,-EG composite electrode with the mass ratio
of EG to Co30, of 1 : 3 after 400 cycles at the current rate of 0.1 C is still as high as 418 mA-h/g, which is higher than
that of other Co30,-EG composite materials (The capacity is 273 mA-h/g after 190 cycles with a mass ratio of 1 : 4
and 329 mA-h/g after 135 cycles with a mass ratio of 1 : 5). And the discharge capacity of all Co;0,-EG composites is
higher than that of pure Co;0, (The capacity is 40 mA-h/g after 400 cycles). The nanostructure of Co30,, the excel-
lent electrical conductivity of expanded graphite and the synergistic effect of self-assembled polyhedron structure
make Co;0,-EG composites have excellent lithium storage properties.
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Fig.2 SEM images of the as-prepared Co;0,-EG composites, Co;0, samples and EG: ((a), (d)) EG : Co30,=1 : 3;((b), (¢)) EG : C030,=1 : 4;
((c), () EG : Co30,=1 : 5; (g) Coz0, ((h), (1)) EG



<2744 -

EEMRER

JIT il £ 1 Co30,-EG & & M8}, 4l Cos0, F1I
SE Y EG [ XRD & 3% 40 € 3 ff 8 o EG 7E 26.4°,
54.5°F1 77.2°40 7R AT S0, R T 2H-7 AR
JIT il % 1) Co30,4-EG & & # K} il 4li Cos0,4 7E 31.3°,
36.8°, 38.5°, 44.8°, 55.7°, 59.4°F 65.2°4k it £i7 5
I ) 43 %1 3 7R M Co;0,(JCPDS: No0.43-1003) [
(220). (311). (222). (400). (422). (511) Fl (440)
EnAg T o 54l Cos04 #HEL, Co30,-EG B & #1 KL i
N RIS AR, X5 R 2 PR IIES — 2

K 4 R T il 45 19 Cos0,-EG & A 4 kL A4l
Co30, MY HIT 7596 24 1 18 20 AR 22 i 4k, il i
LI 0.01~3.0V, HHHEFEN 0.1 mV-s™, AL
Z2%, fE4l Cos0, 5 — KB (B 4(a)),
0.87 V[l it 5 — A5 g, FHXJ R F Coz0, i Ji 43
CTEIE RS LiO JE (1 4 J& Co, LA W5
o — NN B EESE 1.28V A EH— KA
e 451 F v WL R 1 1) R A 38 T T BE 5 Co 7E Cos0,
TR AL N Co™ I Co™ A 56, Xt T £ 4 I
F1oR®5 2.0V ALY 3 E AL IE & T Co B #i A AL
¥, Cos0, FITEL, 2.5V Ab) 55— MR/INEY A b I
AL R 2 L AT I, X F EG 5 Cos0, L
H1:3. 1:4F1:5 Cos0,-EGHE G R, TE
S WA, BRI 03 0 53 )
£ F 1.0V, 0.87V F1 093V 4k, Xf I F Co0, iF
Ji ol Co s FESE — WA T, 45 id 5% 5

(a) Istscan N
0
< -1 — Co50,
§ C--_EG:C0,0,=1:5
L E— EG:C0;0,=1:4
S ol —-— EG:C0,0,~1:3
-3
0 0.5 1.0 L5 2.0 2.5 3.0

Voltage (vs Li/Li")/V

1.96V, 2.06V 1 2.05V &b 58 1L, XIHHF 4
J& Co 7] i & Ak F AL B . 7E & 4(b) Prs 1955 —
WHH T, T EGH Co0, ik N 1:3, 1:4
FI1: 5/ Cos0, F1 Cos0,-EG & A ML, i JF 14
4y M a3 091V, 1.07VH 1.9V, FIXE
A AR /N B A B 1R A Y, AR R 7 B AR R AR
H 2 X5 B, REZRN A 24 ™, Xt F
EG 5 Co0, i N 1 : 3 B Co;0,-EG B &M K,
FES A, BJFEEEE 2 091 VLI, &
Pl {5 25 1,95V, R B H A A 5 R 1
PR

EG
o, N A
, EGILC0304:113 | j

EG:&C0304=1 4y |

P

EG:CoO~1:5 4 | »

MW“LW

J—

m;l H Co,0,
|

Iy

Intensity

JCPDS No. 43-1003
Lo | | [
40 50 60 70 80
20/(°)
K3 %Y Cos0,-EG EAMA. 4l Cos0, HEMFI EG 1) XRD K1
Fig.3 XRD patterns of the as-prepared Co;0,-EG composites,

pure Co;0, sample and EG
0.2 +(b) 2nd scan K N _
/ [ ’_/
o | T
<« |
g 02 AT ----EG:Co0,0,=1:5
% L TR EG:Co;0,=1:4
© -0.4 ——— EG:C0;0,=1:3
\ Vo
A
]
Vo
-0.6 L
Y
Yy
Y
0 0.5 1.0 1.5 2.0 2.5 3.0

Voltage (vs Li/Li")/V

€14 Co030,-BG ZAFEHILE Coy0, -IBZERI AR PIMEER 1) CV Lk

Fig.4 CV curves of Co;0,4-EG composites and pure Co;0, electrodes during the initial two cycles

&l 5(a)~5(e) .7~ T H Co30,-EG Z &Mk, 4l
Cos04 Al 2l EGHl B 19 W W 7 01CHr X
(1C=890 mA-g™") W HL I % & &, 7F 0.01~3.00V (vs

Li*/Li) Ju Bl N B AT 3 M 1E M e th 48 . L%
B -FE L 5 5 1L 4 e %) BRI A 0 PR AR 4 AR 4 by
R o T4l Cos0,. EG 5 Cos0, it b A 12 3,



B 255 CoyO, MM BB 11 4105 10 22 1 (AL 45 0 0 o 5 T oh o DR B A - 2745 -
1:4f11:50H Cos0,-EGE A 8L, MMELE| 4] 1R BN 70.9% . 67.9%. 59.4% il 60.4%, iX T

R M TS A i ] O 2 042 il 594mAh/g
4649 11492 mA-h/g. 1367 Fll 555 mA-h/g. 1782
1 706 mA-h/g, T UL b2 Y O BIs HL A
TTE T A 0 528 AR R AR 2 90 oK UKL A
() I A7 FEAR 22 LA, 3 2625 S 1 B 1 1 ik A B2 1t
A 38 T ELAE B UCSCH IR A A R E Y [ A
fifk Jot S T (SEX) J 17 91 #E 4 22 91 B8 T A AOh 2
E R S E LA IA O NI BV €

— st

3.0 (@) Co0,

Voltage (vs Li "/Li)/V

0 500 1 000 1500 2 000
Capacity/(mA-h-g™")

3.0 H(©) EG: Co,071 :

— st

Voltage (vs Li "/Li)/V

0 200 400 600 800 1000 1200 1400
Capacity/(mA-h-g™")

— st
-- 2nd
--- 3rd

Voltage (vs Li "/Li)/V

0 50 100 150 200
Capacity/(mA-h-g™")

5 Cos0,-EG ZAHM . Cos0, HLHKH EG FLIRTE 0.1 C 535 T ks = Rl

VA AT SEX B 1Y T8 e A 43 E i 25 LiO 1978 1
BB AR AT R P, R AR, X sk
LA fY RT3 R L 2R R 43 i B 609 mA-h/g.
1499 mA-h/g. 565mA-h/g fll 716 mA-h/g. A 1
J&, EG 5 Cos04 it L 1 : 3 /) Cos0,-EG B &
BAORE Y AT 32 R T HOIR Cos0, 1Y BEIR L 75 i
(890 mA-h/g), XFHIL W HE/EH T 44K Cos0, 5

EG 21 %6 i 2 L 2 A T 5%, [ 5(6) o % i 1 4%
— st
-- 2nd
i --- 3rd
3
s
g
9]
g
=
>
0 1 000 2 000 3000 4000 5000
Capacity/(mA-h-g™")
30 [@EG: Co0] st
S /! ---- 2nd
> 2.5t
3
=
g
o
&
=
>

0 400 800 1200 1600 2 000
Capacity/(mA-h-g™")

Z ///
S —— Pure Co,0,
Tj ---EG:C0,0,=1:3
2 --—-EG:Co0,0,=1:4
o ---- EG:Co,0,=1:5
:Z N -~ Pure EG
> o~ >~
0 400 800 1200 1 600

Capacity/(mA-h-g™")
FERFEHL N ((2)~-(e)) Bt A ZS it BT 8 (£)

Fig.5 Initial three-cycle constant current charge-discharge curves ((a)-(e)) and corresponding AC impedance spectra (f) of Co30,-EG composite

electrode, Co;0, electrode and EG electrode at 0.1 C



- 2746 -

EEMRER

HUAR S Rk se i th 26 /&, v LA S & EG 1Y
INAAE s B 22, R REAR T A R
AN RNEOE i S S BN - OO e BT R & RSN T == |
B Rt R, Cog0, 74 BRI K 1l 3 43 1
YRS G R EAE MR, Co0, 5ASmEE
EETEAREN., mAoREHRKL, Kk
F 5(f), 55 O L 2 B X P EG 2 Cos0,=
1: 30 H M AR T 46 Cos0, B L R EHR T T
146%.,

Co30, fil Co;0,-EG B A MR TEFAMERE W& 6
Fin o £ 0.1 CHLIIAE T, EG Ml Cos0, Fid b
A1 : 30 Cos0,-EG & A HL M 7E 400 K 95 34 J5 11
JiHL A A A 418 mAh/g, i T4l Cos0,4 HE
(400 Y46 ¥R J5 i B, 40 mA-h/g) . EG 5 Co;0, JFi &
oM 141 Coz0,-EG & A B (190 IR IE A J5 h

1800

1500

—a— Co,0,

—a— EG:Co,0,=1:3
—e— EG:Co0,0,~1:4
—+— EG:Co,0,=1:5

1200 |

900 r

600

Specific capacity/(mA-h-g™")

300

0
0 100 200 300 400
Cycle number
1 800
IR 05c |
&0
S 600 t
g —a— Co,0,
> —a— EG:C0,0,=1:3
S 400 b . ..
g —+— EG:Co0,0,=1:4
S —+— EG:Co0,0,=1:5
2200 |
3
o
wn
0 L

0 20 40 60 80 100 120 140 160
Cycle number

56 Co30,-EG E AW EIHNLE Coz0, B AYTEIAERE «

0.1C l

273mAh/g) fl EGY5 Co,0,/ & N 1:5H/)
C0;0,-EG & & W H (135 K6 ¥R J5 M 329 mA-h/g).
fE 05 C B M5 R~ , EG 5 Cos0, i [
9 1:3F1 41 Cos04-EG & A LK AE 160 KA
PR B A H 28 40 3l 24 217 mA-h/g #1156 mA-h/g,
I 5 F 4l Cos0, M1 EG 5 CosO4 i it Hh 1 : 51
Co30,-EG & & ML W (i L %5 £ 43 %1 24 24 mA-h/g
il 45mA-h/g). 5 T Cos0,-EGE & HL W 1&
0.1 C %3 (14 6(a)) A1 0.5 C f5% (&1 6(c)) T AYFER
PERE, KM EG 5 Cos0, LR 1 1 5 Y Coz0,-
EG & 4 PR TE B A5 3 T R B B bR %) S s
%, MILAT W, EG Xt Cos0, A B % E
MIVER, Rl 2 7Edm IR R T . EG vl LK
HL - I AR R L B A, 2 TR 25 0 W] DA /D S g
H1 Cos0, IRFRAS Ak 51 2 H IV ) o

120

(b) 0.1C
100 |
S
3z
2 80 1 —a— Co0,0,
g —a—EG:C0,0,=1:3
2 60 e EG:Co,0,=1:4
g —+— EG:C0,0,=1:5
= 40
o
@)
20 +
0 1 1 1 1 1

0 100 200 300 400

Cycle number

100 |

—a— Co,0,
—+—EG:Co0,0,~1:3
—— EG:Co,0,~1:4

30 F e EG:Co,0,1:5

Coulombic efficiency/%

0 20 40 60 80 100 120 140 160

Cycle number

HLLAG AN 0.1 C I AYPEEREEEE (a) FIAECRE (b);

RN 0.5 C I EIRBMEETE (c) FFEERCE (d)

Fig.6 Cycling performance of the Co30,-EG composites and pure Co;0, electrodes: Cycling stability (a) and coulombic efficiency (b) at current rate of

0.1 C; Cycling stability (c) and coulombic efficiency (d) at current rate of 0.5 C

3 it
Co;0, 5K 41 5 (EG) B L mikE 4

Yy i ik 1R R Al S I ROE AT LR, RS R AT
P PR A2 EG A) KON T R R 4R A A



Rk

7,5 CosOy SIEIKAT A2 1 2H %% 00 22 18 VR 52 45 0 A S 0 86 1 vl il B AR A ek

<2747 -

A, RSB R T, EG X Cos04 1Y
Haprrl G EEONMEN; 2 i R 25 4 )
DAY 2% J2 13 T CogO4 HI MR FRAE £k, DT 412 15 fith £
PEBE . 335 T X AR FEAE, EG 5 Cos0, i &
Fe o 12 3 1 Cos0,-EG & & L AE 0.1 CRE R T 18
P 400 K5 SR Y 418 mA-h/g Y T A R TR
0.5C Y 15 F T 1§ ¥ 160 WK J5 A1 Xt 7 06 25 &

217 mA-h/g.
S Hk:
(1] g, AT, MA, 55, 8T it 5 AR 9T 2 2 (7).

[4]

HAPRIEER, 2022, 39(4): 1446-1456.

LIU Qi, HAO Siyu, FENG Dong, et al. Research progress of
anode materials for lithium ion battery[J]. Acta Materiae
Compositae Sinica, 2022, 39(4): 1446-1456(in Chinese).
BRI, 28 NG, BT AR, 45, CoFe,0,@CHE AN KA LE A Hy
SR R SR (1] S APREHR, 2022, 39(9): 4431-
4440.

ZHAO Tingting, LI Xiaogiang, ZHANG Yamei, et al.
CoFe,0,@C composite nanofiber films as self-standing
anodes for lithium-ion batteries[J]. Acta Materiae Com-
positae Sinica, 2022, 39(9): 4431-4440(in Chinese).
HANJ S, DUAN L Q, HE LY, et al. Template-assisted syn-
thesis of porous Co;0, nanosheet with excellent electro-
chemical performance for rechargeable lithium-ion
batteries[J]. Journal of Nanoparticle Research,
23(11): 1-10.

ZHAO Y C, LIU C G, YI R W, et al. Facile preparation of

2021,

Co30, nanoparticles incorporating with highly conductive
MXene nanosheets as high-performance anodes for
lithium-ion batteries[J]. Electrochimica Acta, 2020, 345:
136203.

SUNJ, WANG H, LIY, et al. Porous Co30, column as a high-
performance lithium anode material[J]. Journal of Porous
Materials, 2021, 28(3): 889-894.

DAIY, FANG X, YANG T, et al. Construction of the peanut-
like Co;0, as anode materials for high-performance lithi-
um-ion batteries[J]. Ionics, 2020, 26(3): 1261-1265.
ZHANG C, WANG H, NIE Y, et al. MOF-derived Co30, mi-
crospheres with pagoda cauliflower shape as anode materi-
als for stable life Li-ion battery[J]. Functional Materials
Letters, 2020, 13(6): 2050029.

WEN J, XU L, WANG ], et al. Lithium and potassium
storage behavior comparison for porous nanoflaked Co30,
anode in lithium-ion and potassium-ion batteries[J].
Journal of Power Sources, 2020, 474: 228491.

HOU C, WANG B, MURUGADOSS V, et al. Recent ad-

vances in Co;0, as anode materials for high-performance

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

lithium-ion batteries[J]. Engineered Science, 2020, 11(5):
19-30.

ZHANG X T, CHEN X Z, LUO G, et al. Co;0,-based flufty
tubes structure used as anode material for lithium-ion
battery[J]. Materials Letters, 2022, 309: 131427.

MULE A R, NARSIMULU D, KAKARLA A K, et al. Three-di-
mensional porous Co;0, hexagonal plates grown on nickel
foam as a high-capacity anode material for lithium-ion
batteries[J].

148924.

Applied Surface Science, 2021, 551:
XIE H, YANG G, CAI Z, et al. High performance of
Co3;0,@carbon composites as anodes for lithium-ion
batteries[J]. Journal of Chemical Technology and Biotech-
nology, 2022, 97: 2109-2113.

AYALA J, RAMIREZ D, MYERS J C, et al. Performance and
morphology of centrifugally spun Co3;0,/C composite
fibers for anode materials in lithium-ion batteries[J].
Journal of Materials Science, 2021, 56(28): 16010-16027.
TAN L, LAN X, HU R, et al. Stable lithium storage at sub-
zero temperatures for high-capacity Co;O0,@graphene
composite anodes[J]. Chemnanomat, 2021, 7(1): 61-70.
WANG Y, ZHANG X, MENG F, et al. Stabilizing Co30,
nanorods/N-doped graphene as advanced anode for
lithium-ion batteries[J]. Frontiers of Materials Science,
2021, 15(2): 216-226.

WU D, WANG C, WU H, et al. Synthesis of hollow Co30,
nanocrystals in situ anchored on holey graphene for high
rate lithium-ion batteries[J]. Carbon, 2020, 163: 137-
144.

GUAN R, DONG G, LI Z, et al. MOFs-derived Co3;0,/MW-
CNTs composite as high-performance anode materials for
Li-ion batteries[J]. Materials Letters, 2022, 307: 13099.

SHAO J, XIAO J, WANGY, et al. Cobalt oxide nanocubes en-
capsulated in graphene aerogel as integrated anodes for
lithium-ion batteries[J]. ChemistrySelect, 2020, 5(17):
5323-5329.

HUANG Y, FANG Y, LU X F, et al. Co30, hollow nano-
particles embedded in mesoporous walls of carbon
nanoboxes for efficient lithium storage[J]. Angewandte
Chemie-International Edition, 2020, 59(45): 19914-
19918.

LUO P, ZHENG C, HE J W, et al. Structural engineering in
graphite-based metal-ion batteries[J]. Advanced Func-
tional Materials, 2022, 32(9): 2107277.

OU J, WU S, WANG H. Hydrothermal preparation of homo-
geneous cobalt oxide nanomaterials as stable anodes for
superior lithium ion batteries[J]. Acta Metallurgica Sinica
(English Letters), 2021, 34(3): 383-389.

MULE A R, NARSIMULU D, KAKARLA A K, et al. Three-di-


https://doi.org/10.13801/j.cnki.fhclxb.20211101.002
https://doi.org/10.13801/j.cnki.fhclxb.20211101.002
https://doi.org/10.13801/j.cnki.fhclxb.20211101.002
https://doi.org/10.1016/j.electacta.2020.136203
https://doi.org/10.1007/s10934-021-01041-z
https://doi.org/10.1007/s10934-021-01041-z
https://doi.org/10.1007/s11581-019-03312-x
https://doi.org/10.1142/S1793604720500290
https://doi.org/10.1142/S1793604720500290
https://doi.org/10.1016/j.jpowsour.2020.228491
https://doi.org/10.1002/jctb.7082
https://doi.org/10.1002/jctb.7082
https://doi.org/10.1002/jctb.7082
https://doi.org/10.1007/s10853-021-06285-3
https://doi.org/10.1002/cnma.202000547
https://doi.org/10.1007/s11706-021-0552-x
https://doi.org/10.1016/j.carbon.2020.03.007
https://doi.org/10.1002/slct.202001273
https://doi.org/10.1002/anie.202008987
https://doi.org/10.1002/anie.202008987
https://doi.org/10.1002/adfm.202107277
https://doi.org/10.1002/adfm.202107277
https://doi.org/10.1002/adfm.202107277
https://doi.org/10.1007/s40195-020-01177-y
https://doi.org/10.1007/s40195-020-01177-y

£ 2748 -

EEMRER

[23]

[24]

[25]

[26]

mensional porous Co;0, hexagonal plates grown on nickel
foam as a high-capacity anode material for lithium-ion bat-
teries[J]. Applied Surface Science, 2021, 551: 148942.
TANG F, SUN Y G, DAI G X, et al. Template-free synthesis
of Co-based oxides nanotubes as potential anodes for lithi-
um-ion batteries[J]. Journal of Alloys and Compounds,
2022, 895: 162611.

ZHU J, TU W, PAN H, et al. Self-templating synthesis of
hollow Co30, nanoparticles embedded in N, S-dual-doped
reduced graphene oxide for lithium ion batteries[J]. ACS
Nano, 2020, 14(5): 5780-5787.

DWIVEDI P K, PARTE G, THRIPURANTHAKA M, et al.
High efficiency lithium storage in 3D composite foam of
Co;0, nanoparticles integrated carbon nanohorns[J]. Ma-
terials Science and Engineering: B, 2021, 263: 114839.
ZHONG W, HUANG X, LIN'Y, et al. Compact Co;0,/Co in-

situ nanocomposites prepared by pulsed laser sintering as

[27]

[28]

[29]

[30]

anode materials for lithium-ion batteries[J]. Journal of
Energy Chemistry, 2021, 58: 386-390.

WU Z S, REN W, WEN L, et al. Graphene anchored with
Co30, nanoparticles as anode of lithium ion batteries with
enhanced reversible capacity and cyclic performancelJ].
ACS Nano, 2010, 4(6): 3187-3194.

JING M, ZHOU M, LI G, et al. Graphene-embedded Co30,
rose-spheres for enhanced performance in lithium ion bat-
teriesl[J]. ACS Applied Materials & Interfaces, 2017, 9(11):
9662-9668.

CHEN K X, HUANG R, GU F L, et al. A novel hollow
Co30,@N-doped carbon nanobubble film composite for
high-performance anode of lithium-ion batteriesl[J]. Com-
posites Part B: Engineering, 2021, 224: 109247.

ZHAO Y, MA C, LI'Y, et al. Self-adhesive Co;0,/expanded
graphite paper as high-performance flexible anode for Li-

ion batteriesl[J]. Carbon, 2015, 95: 494-496.


https://doi.org/10.1016/j.apsusc.2021.148942
https://doi.org/10.1016/j.jallcom.2021.162611
https://doi.org/10.1016/j.mseb.2020.114839
https://doi.org/10.1016/j.mseb.2020.114839
https://doi.org/10.1016/j.jechem.2020.10.013
https://doi.org/10.1016/j.jechem.2020.10.013

	1 实验材料及方法
	1.1 材料的制备
	1.2 材料表征
	1.3 电化学性能测试

	2 结果与讨论
	3 结 论
	参考文献

