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Abstract: A copper oxide/copper sulphide (CuO/Cu,S,)composite was simply synthesized through an
ion-exchange process just at room temperature, owning a unique octahedral core-shell structure. By
adjusting reaction time of sulfuration, the morphology and composition of CuO/Cu,S, octahedral core-
shell material were changed, which has an important influence on the electrochemical performance.
XRD, SEM, TEM and XPS were conducted to analysize the morphology and structure of CuO/Cu,S,
composite. It shows the hollow composite possesses a shell layer with the interconnected Cu,S,
nanosheets and a CuO core-layer in the octahedron. The unique core-shell octahedral structure and the
synergy between CuQO and Cu,S, are beneficial for the electrochemical process. When the reaction time
is 6 h, as-obtained CuO/Cu.,S, core-shell octahedral material has a high specific capacity of

1

413.6 F « g ' at a current density of 1 A+ g ', and better rate performance and stability even at a

1

higher current density of 20 A« g '.
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Fig.1 XRD patterns of Cu-Pre prepared with CTAB as a surfactant(a) and

double-shell hollow CuO/Cu. S, octahedron at different reaction time(b)
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Fig. 2 SEM images of precusor prepared by chemical bath deposition (CBD) (a)low magnification; (b) high magnification
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Fig. 3 SEM images of double-shell hollow CuO/Cu,S, octahedron at different reaction time
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Fig.4 TEM images and EDS spectra of double-shell hollow CuO/Cu,S, octahedron
(2) TEM images of octahedral CuO/Cu,S,;(b),(c) HRTEM images of octahedral CuO/Cu,S, in

different diffraction directions; (d) EDS spectra of precursors and CuO/Cu,S,
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Fig. 6 Characterization of electrochemical properties of double-shell hollow CuO/Cu,S, octahedron

(a)CV curves at different time; (b) GCD curves at different time; (¢) specific capacitance at different time; (d)CV curves at

different scanning speeds; (e) GCD curves at different current densities; (f) specific capacitance at different current densities



104

BRI 72

2020 4 6 A

B B o 09 L B . 2 L U B B i F
20 A g "B LLHLAE N 336. 2 F « g LB ARIR R
1T A-g "I 81. 3%, #iALHa] K 6 h B CuO/
Cu, S, i FoHL 28 A S 09 % 32 B8, — T I ] RE &2 i
TZ/N TR B b 25 58 5F 03 Ok T MR bR T
T A AT 88 1~ 1 4% i s 55— J7 T ] g2 IR A W
ZEHzs CuO/Cu, S, NH KA CuO, Cu,S, HHKE
B IETER & T MR F AL 25 L A

CuO/Cu,S, M 0. 01 Hz % 100 kHz {5 F N A9 FH
U B 7 Ca) TR o BT 1 33 0 F 5 v 41X ) 2
[52 IA0AEG A0 X 114 L 2 3 43 o i B 1X 15 2 11 58 a5 X

2.0 —
@ 42n -
. 4h
15F +6h Lot
v 8h v
- 12h .
N 10} feo
I Loy
05 ’_ :‘j‘
,"'ﬁ. "’r
0.0 0.5 1.0 15 2.0
Z/0

Specific capacitance/(F-g™')

F AR AL B 1 SRR B B, ) G R B 2 s
CuO/Cu, S, J\TH A H A B Y 55 580 BRI B3 197 8K
HLRH A T i fb 2z ad R A A5 . B 7(b) Ry AL B
] 6 h iy XL7e )2 2s CuO/Cu, S, /NHATE 20 A+ g !
R B TG IR E 2, 7Emik 20 A= g ' 1Y
HLJE % T 6 28 1000 WK G CuO/Cu, S, 11 e %5 7
R FEA 890, R BIFMTE AR E . IR AE A
Py 25 1 B A AT R ER T IO SR N T (R 485 4 7 PR sk
FEWCH R e A AR AR A R E T T DA
SRR AL BT A AL 2E R P A b R i — 25 Ak

Bt

400
(b)
o
300 f - - e
200 |
100 |
0 200 400 600 800 1000
Nlcycle

7 CuO/Cu.S, B FHHT % (O FMEALEFE K 6 h i) CuO/Cu, S, 7 20 A « g L% T MIEFF R E P2k (b)

Fig. 7

Wit IR R R A MR T A g iy
MHBEENHRAL413.6 F - g "Rk Aw. fEH IR
HLJR % B T 5 5 Heng 25 75 i) — 521 1A 5 v Bl &
) CuO gy KR AE L 2 R 130 F « g Y LK
Huang S5l £ (1) CuS 94K i 1E Jhy 4 0 HL 45 25 f AR+
B AN 2324 F o g WA H A S2 I 01 45 Y 3L
762 48 CuO/Cu, S, /\ T A L A b1 kL2 3R H 5 4 4
SR 2R PR .

3 g
(DEZETESE PR BER T HARS
FL b2 P RE B9 AR R/ B AL 4 (CuO/Cu, S)) M5E 2 /A
AR B BA Cu, S, SMZEF CuO )2,

(2) 38 33 98 45 B Ry Bsf ) 6 A A% 5 45 #4014 A 08 45
1 Cu,S, 5 CuO B4 - S 1052 i B AL 27 1 BE .

(3 Y HALKT A 2N 6 h I X5 2 a8 CuO/Cu, S,
NEAEMEE 1A g " WMHBHEREET LAY
413.6 F « g " A bL 28 0 L 10 H A BT 0 45 2R 1k i A
G PR 1

&k

[1] GENG P,ZHENG S, TANG H,et al. Transition metal sulfides

EIS spectra of CuO/Cu,S,(a) and cycle stability curve of CuO/Cu,S, at 20 A + g~! current density(b)

based on graphene for electrochemical energy storage[]J]. Ad-
vanced Energy Materials,2018,8:1703259.

[2] WANG F,WU X,YUAN X,et al. Latest advances in supercapac-

itors; from new electrode materials to novel device designs[J].

Chemical Society Reviews,2017,46;:6816-6854.

[3] OUYANG Y. YE H, XIA X, et al. Hierarchical electrodes of
NiCo;S; nanosheets anchored sulfur-doped Co3;(O; nanoneedles
with advanced performance for battery-supercapacitor hybrid de-
vices[J]. Journal of Materials Chemistry: A,2019:3228-3237.

[4] ZHENG Y,XU J,YANG X,et al. Decoration NiCo;S; nanoflakes

onto PPy nanotubes as core-shell heterostructure material for

high-performance asymmetric supercapacitor[ J]. Chemical Engi-
neering Journal,2018,333.111-121.

YANG Z,XU F,ZHANG W, et al. Controllable preparation of

multishelled NiO hollow nanospheres wvia layer-by-layer self-as-

sembly for supercapacitor application [ J ]. Journal of Power
Sources,2014,246(3) :24-31.

[6] DU X,XIA C,LI Q,et al. Facile fabrication of Cu,O composite

nanoarray on nanoporous copper assupercapacitor electrode[ J].

Materials Letters,2018,233:170-173.

[7] PANDIAN A S,KALIYAPPAN K. Single-step microwave medi-

ated synthesis of CoS, anode material for high rate hybrid super-

capacitors[J]. Journal of Materials Chemistry A, 2014,2(29):

11099-11106.

[8] PENG S,LIL,TAN H,et al. Hollow spheres;: MS; (M= Co and

Ni) hollow spheres with tunable interiors for high-performance



A8 56

CuO/Cu, S, /\HEA%E

Ha) B 0 B FE vl A 2 T R

105

9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

supercapacitors and photovoltaics [J]. Advanced Functional Ma-
terials,2014,24(15) :2155-2162.
FU W, HAN W, ZHA H,et al. Nanostructured CuS networks
composed of interconnected nanoparticles for asymmetric superca-
pacitors[ J]. Physical Chemistry Chemical Physics,2016,18(35)
24471-24476.
CHEN K, XUE D. Room-temperature chemical transformation
route to CuO nanowires toward high-performance electrode ma-
terials[ J ]. Journal of Physical Chemistry C, 2013, 117 (44);
22576-22583.
DUBAL D P,GUND G S,HOLZE R,et al. Mild chemical strat-
egy to grow micro-roses and micro-woolen like arranged CuO
nanosheets for high performance supercapacitors[ J]. Journal of
Power Sources,2013,242(35) :687-698.
YU X Y,YU L,SHEN L,SONG X,et al. General formation of
MS(M = Ni, Cu, Mn) box-in-box hollow structures with en-
hanced pseudocapacitive properties [ ] ]. Advanced Functional
Materials,2015,24(47) . 7440-7446.
DONG Z H,LAI X Y,HALPERT JE,et al. Accurate control of
multishelled ZnO hollow microspheres for dye-sensitized solar
cells with high efficiency[]J]. Advanced Materials,2012,24(8)
1046-1049.
GUAN B Y. YU L., WANG X, et al. Formation of onion-like
NiCo; S, particles via sequential ion-exchange for hybrid super-
capacitors[ J]. Advanced Materials,2016,29(6):1605051.
ZHANG G Q,WU H B,HOSTER H E,et al. Single-crystalline
NiCo; Oy nanoneedle arrays grown on conductive substrates as
binder-free electrodes for high-performance supercapacitors[ ] ].
Energy & Environmental Science,2012,5(11):9453.
HE D,WANG G, LIU G, et al. Construction of leaf-like CuO-

Cu, O nanocomposites on copper foam for high-performance su-

percapacitors[ ] ]. Dalton Transactions,2017,46(10):3318-3324.

[17]

[18]

[19]

[20]

[21]

[22]

DONG H, XING S, SUN B, et al. Design and construction of
three-dimensional flower-like CuO hierarchical nanostructureson
copper foam for high performance supercapacitor[ J]. Electro-
chimica Acta,2016,210:639-645.

LI Y,.XUE W,QI Y,et al. Ultra-fine CuO nanoparticles embed-
ded in three-dimensional graphene network nano-structure for
high-performance flexible supercapacitors [ J]. Electrochimica
Acta,2017,234:63-70.

ZHOU L, HE Y,JIA C,et al. Construction of hierarchical CuO/
Cu,; O@ NiCoz S, nanowire arrays on copper foam for high per-
formance supercapacitor electrodes[ J]. Nanomaterials, 2017, 7
(9):273.

YUAN D,GANG H,ZHANG F,et al. Facile synthesis of CuS/
rGO composite with enhanced electrochemical lithium-storage
properties through microwave-assisted hydrothermal method
[J]. Electrochimica Acta,2016,203:238-245.

HENG B, QING C,SUN D,et al. Rapid synthesis of CuO na-
noribbons and nanoflowers from the same reaction system, and a
comparison of their supercapacitor performance[J]. RSC Ad-
vances,2013,3(36) :15719.

HUANG K J, ZHANG ] Z, FAN Y. One-step solvothermal
synthesis of different morphologies CuS nanosheets compared as
supercapacitor electrode materials [J]. Journal of Alloys and

Compounds,2015,625.:158-163.

EeWB :HEKAARFRETHET H (51602289)

Yok B H#1:2019-04-23 ;81T H#3:2019-10-22

BIAEE AR (1991 —) Lo, PRI, 1, BF 58 07 0] O 52 & s R b R
il 4 B PE RE A9, R AR St ik < T R 4 B T b ORI B ORR N K A
X 5 S # B (450001) , E-mail ; xujie@ zzu. edu. cn

(A& &)



