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Abstract

Developing high-performance electrode materials is critical to improving the specific capacitance
of supercapacitors. In this study, electrode materials with three-dimensionally layered structures
were prepared using a simple co-precipitation method. The electrochemical test shows that the
specific capacitance of the CoAl-LDH electrode can reach 805.0 F g-1 at the current density of 1 A
g1, with just a 5.7% loss in specific capacitance after 4000 cycles. We have constructed an asym-
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metric supercapacitor (ASC) utilizing CoAl-LDH as the positive electrode and AC, a carbon material
derived from office waste paper as the negative electrode. The CoAl-LDHH//AC-based ASC has a
high energy density of 34.9 Wh kg-1 at 749.2 W kg1 and an excellent capacity retention rate of
95.6% after 3000 cycles. The fan model and the boat model are driven by two connected devices.
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AW SE K R RR R 5 SROFT PR () AR 25 9 51 R T THE S B Y VR 2 AR B R I FE 068, X SE R 1)
H b @3 2] m i pe A e B . SR, X SCRBYR L4 N R IR BRI, 75 S 0k ik e e B R 42
) R (R XE R[] [2]. FERERERS MRS, HIZUH R (SCe)M IR E T &, HREEM. ENAEGK. 7
I EL T PR PR AR T £ 2 T R [3]. ARSI A B G RN LI, — MmN 2 L R R I L 5
5 E AR, T A R F S PR T R A P R SR R N, A A B B
BRI LL AR [4]. BT R AR A 0 1 BT PR R M AR B, AR 28 F R ) i v 1 R R B
CIAOBERTIE S

Tk 4 R SR A R R W R TR AR AR R FEARA R . IR R AL I (LDHS) B AT AR 4
IR R TEE R B LU B R 5 NIHRE A, 2 R UK B 1 4 8 B 28 1 2 5 3 R C & 1T B [5] [6] -
4 LDHs £ ASCs HIEMR&EMELZ —, HERBAEMERERE, JF H R A B RE, SRmHA
JREE R R SN MRS . B Co™ B TR AP T Y] CoAI-LDH H A5 1 57 (B Ak 2414 RE,  7E SCs M
W B AR K I8 J[7] [8]. G AR A& SCs H B )™ V2 1A FERAA L o 4 LR FF A 490 3 e IR I 30 i1l 4 2 AL
T LR AR A, A ST T AR R e DR FH R v 1P e 4 L 5 2 FEAR ) kAR 2R 7= . Guio [9]5%
AFI RIS PR i 42 KOH &AL il 2% T L FLIR AR E R . /330 BRM R B m bR T AR . KL
R AL FLE RS H . 2 FLORTEB I Fo 25 3 H AR B b AT ER 078

TEIXH, FRADED & S LTIk fil 4 7 =482 R CoAI-LDH . HIfb2E MR B, HAkAE 1 A
g TR LE AR AT A 805.0 F gty it 4000 VKB G FL AT 94.3%. ¥ CoAI-LDH fF NIEM, TrAK
AATAR AC NIRRT PR B I RS B o B 251 (CoAI-LDH//AC) R I AL F¢ G eI 77, R
A 34.9 Wh kg I (TR B N 749.2 W kg to WA ASC B3 K, BRIIKS XU AR TR R /N A AR BR )

2. SKh
2.1 HRETRIE

2.1.1. CoAl-LDH &R

CoAl-LDH & Bl 1 fras. ¥ 582.1 mg 7N /K & %S Al 375.1 mg JL/K & IR EE T 100 mL &
alizkdr, i 1 mol L™ S EALANTEROR T pH 2 9.5, KRS TEIEE NIRRT, 95 CHEIR 214 F Ei
5h, 3k EOEmhK. BOWwEE, 7 60C M52/ CoAl-LDH.
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Figure 1. Schematic diagram of CoAl-LDH synthesis
1. COAI-LDH K& A~ EE

2.1.2. A4 EETHERRAC) I

B A4 ARBTHE, BT, 76 N REF 400°CHAbH 2 h [Ttk . Bl S, %08 3:1 (it
FRELKOH, 5tibit) A4 4 ARIREHISIGE, 16 N ZUE T 800°CALEE 1 he BRI EB G Y], ZRVE.
K BTE, BEREFY AC, AR WE 2 FiR.

(1) Carbonized at 400°C for 2 h Activated Carbon
(2) Activated at 800°C for 1 h (AC)

A4 paper

Figure 2. Preparation diagram of AC
2. AC Hlg~EE

2.2. THeraiRAHIE

TAF RS, KEtA RS OB (T ). RV O (10% PTFE, K& &R 8:1:1,
DA N- B J-2- M ns o 4 A3 7] A RO VTS 38 S0 IR RS A 2R 4K b, S8 5 4 L6 A8 B MR A T4 1
AR AEREL N 1.0~2.0 mg. HHRASE, DUA RGN CoAl-LDH NIEMR, AC Ak, it
TE fURR S B AT G LL 5 ek

2.3. EARARIA MR

KA RS AR (SEM), ZEHHEE(TEM), X S46HETREIE(XPS)M X S 4474 (XRD) X4 KL
BT TC R RAL . £ =HMAR R, L2 moL Lt i) KOH J& A A HLE R 7, SCE 1E N2 L fa ik,
FBART AR, DU SR AU BRI A RME S TAE B AT A2 . 7E R AR R R, JEId E
GO EIATRC LG 5, MR AR AT FLA 22

3. BRI

ik SEM, TEM X} CoAl-LDH #E47 7 IESWEE, MIE 3 AT LAE i, CoAl-LDH ZH H KB ik
SRR EHR R, FERMIEHI/NIZYR . 2R EEHERHT G54 Bh T sl s b i f v R R
SERRIRREtE, MRS AN R AT, T AR IE H AR I 7 O R

L XPS X CoAl-LDH #4717 734, M 4 AT ELEH Co 2p. O 1s Al Al 2p FUiE (R Rpfklg, Hor
Al 2p SRR, TIRER A& BEIK. & 4(B)d O 1s #0445 3 B R, 529.8. 530.7. 531.4 1 532.7
eV Kb B 53 A JE T Em A% 2 (OL) s A% (Oon) A AL(OV) I B 7K (Ow) [10]. ] 4(C)N Co 2p XPS
(UL A g R, b g2 2 0t g A —xt LR g . 7 780.8 A1 796.9 eV Ak (1I& Ny Co** 55, fi7T 783.3
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Figure 3. SEM images (A~B) and TEM images (C~D) of CoAl-LDH
3. CoAl-LDH #J SEM [El#%(A~B)#1 TEM El#4(C~D)
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Figure 4. (A) XPS spectra of CoAl-LDH; (B~D) high resolution XPS spectra of O 1s, Co 2p and
Al 2p respectively
[ 4. (A) CoAI-LDH By XPS i&[E; (B~D)533I% O 1s. Co2p. Al 2p BS 3 #HEE

DOI: 10.12677/ms.2024.144044 382 R AL


https://doi.org/10.12677/ms.2024.144044

H = A
%EEHH ‘%{:ft‘
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TR ST CoAl-LDH Ry 7e i e tEfE, HH4T 7 GCD M. & 5(C)&A[F FEifi %5 B R i) GCD %k, 7
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Figure 5. Electrochemical performance of CoAl-LDH, (A) CV curves at different sweep speeds; (B) Relationship between
specific capacitance and sweep speed calculated based on CV; (C) GCD curves at different current densities; (D) Relation-
ship between specific capacitance and current density calculated based on GCD

[& 5. CoAl-LDH HIEB LM EE, (A) AEIFHETHI CV phZk; (B) HT CV HEMNHERSHENERE; (C) FFE
R E T GCD fh%k; (D) 7T GCD itHEMER ML

BT a0 CV MR LSS, X CoAl-LDH HMR I N 130 /1 = HLHIHET T o0 an < 6 s, Vs
FE 2 A Eoe RN 6 Fion, BG5S I8 R N FIARR b 238 0.71 F10.68, 1t B BB Js B it
FE 3 BT AN L 54T A 3L R 2 5[12]. 5. 8. 104 20 A1 30 mV-s 45138 T [ B3 28 SRR 220 551 A 39%. 44%.
45%. 55%F1 62%. X — ARG, ANEEN, BERKRNEZE, HY T ES, BT Hb
R, KRR, BT RANES, B TEHARARA.

N T Pl CoAI-LDH FIfE R A2 TERE, 7610 A-g t BB NbAT 7RI AEIA IR, R R 4
BUE 7 Fias, 4 4000 IRPER G, HERGREERAN 94.3%. AT HEBIIE R e ERE, XTSI 4000
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Figure 6. (A) The relationship between log (i) and log (v) for the CoAl-LDH electrode; (B) Capacitance contribution for at
30 mV s %; (C) Capacitance contribution at different scan rates
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Figure 7. (A) Cycle stability of CoAI-LDH at 10 A-g* current density, and (B) Impedance spectra before and after 4000

cycles

7.(A) CoAI-LDH £ 10 A-g ' B R E THIMBIFFR EME4E; (B) 4000

Fr )

RIEERHT R R PR HTIE E

8(A) AT AM] A 21 AC =4ERIFLIRG ), FLERZEHITE 300 nm Ay F34b, R AT BUR SRR AL
FIZUIREER, HORIIANST AT LA 8(B)MLEE R, X UEEALBRE IS5 T KOH IALHE, KOH 7R ferh
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Figure 8. SEM images (A~B) and TEM images (C~D) of AC
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Figure 9. (A) XRD spectra of AC; (B) XPS spectrum of AC; and (C-D) high resolution
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Figure 10. Electrochemical properties of AC, (A) CV curves at different sweep speeds; (B) GCD curves at different current
densities; (C) Relation between specific capacitance and current density calculated based on GCD; (D) Capacitance retention
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10. AC BIRBLE1ERE, (A) FEHETHI CV #I%; (B) TRIEREE THY GCD #i%%; (C) £TF GCD it&Emitt
HASHERBENALRE; (D)10A g BRZE TRME 3000 XABEEREER

15¢
10+

Current density (A g*)
<

-
~
T

Voltage (V)
.O =}
=)} N-l

IS4
w
T

0.0 L

10mv st —
A @10m 's —T\ g 0-15V
» on
: < 5}
' N’
: >
] : 3+
N w
1 r CoALLDH ' 5
| : ' b=
[ ' 5-3r
' ]
| [ ' b
' ' ' o 5t
- LoV -l 05V 5
; : i . 8t , \ . . " . :
-1.0 05 0.0 0.5 0.0 02 04 06 08 1.0 12 1.4
Potential (V vs.SCE) Voltage (V)
— 015V
15}F C e 0-14V

\

100 150

Time (s)

Figure 11. Electrochemical performance of CoAl-LDH //AC, (A) Positive and negative CV window matching, CV curves
(B) and GCD curves (C) at different voltage

11. CoAl-LDH//AC LT RE, (A) IEftk CV BOLE, AREHBEETH CV #hZk(B)F1 GCD Bi%%(C)

DOI: 10.12677/ms.2024.144044

386

PR


https://doi.org/10.12677/ms.2024.144044

H = A
?EEHH ‘%{:“t‘

M CV A GCD WX AC HI AL AT REIEAT 140 #. £E14 10 %S|, CV ik BIEAI, *
B HL ALY EDLC 1724[16] (EDLC &3 T~ FfR 5T b 525 -1 AR/ P AR o3 S T FRY D B PR A TR, T v
SRR . RIS E] A R ) GCD &k 2R =M, #t-—B3UE T EDLC 178, itit5,
BREIARFE EREE P BEAL R, 2A g5 20 A gt i AR RF R N 50.4%, HHIEfER 3000 KA, L
RS EA FIA I, BB T 1% AC B MR E’Jﬁc@zr

PL CoAl-LDH fE N IEM. AC YEN7MMIEE ASC, it CV #1 GCD HHT 7 — RIS Hr . NARAIE
ASC IE it L faf 57 1, *ﬁ%ﬁﬁ?ﬁﬁ*&ﬂﬂfﬁgmm TR IR AR R R 0.75:1.
XA CV HLRE CHET THRA, ME 11 TRUEH, BEAEHEES R, CV gk MmAsg K, RIg K
215V TAERE, CV IRIRIREF REF. [FIFER), fEAREEFI#T 7 GCD Mk, 7£ 1.5V HJE T GCD
ARV IR R T R AF, 5SS R —2.

1
1.6} B 20,15,10,8,5,3,2A¢g

-1

g
—
S W

n

n
Voltage (V)

rent density (A
>

—
=

Cur
i
9]

Y
=

i i i i i i 0.0 2 i i i

Voltage (V) Time (s)

D 360 s 36s

-
o ¥ e, 36s

1
i
8
@)

/
/

(=2}
=4
<

= This work

¥ ZIF-9@CoAl-LDH/AC

® CoAlLDH/GF//AEG 0.36s
* CoALLDH//AG

*  CoAl-LDH@ Ni (OH),/MWCNT

* CoAlLDH/AC

-
=]
T

8
Energy density (Wh kg)
=

=

-

-
—
=
=3

5 10 15 2‘0 10° . 104
Current density (A g?) Power density (W kg™)

=]

2

0‘00000000000...o0..00o00000oooooooo.oooooooooo...oo.o.oooo..

20 cycles
l;ot:ull;"u”?lnluclu 95.6%
\NANAANAARANRANANN AN
'\“ ."‘ | /1] | ANINIVINANAN ".1\ |

=]

=]
T
-
n

b h
ot

T
Voltage (V)
=
o

Mu\"\~ \
\l [y \( |

HHH!HH!I!!I!H»

100 200 250 300 350 400
Tlme(s)

o
EY

S
(=]
Ll

\‘; \l

2 4
w

[
=
Ll

Capacitance rentention (%) Specific capacitance (F g7)

A A A 1
0 500 1000 1500 2000 2500 3000
Cycle number

=

Figure 12. (A) CV curves at different sweep speeds; (B) GCD curves at different current densities; (C) Specific capacitance
calculated based on GCD results; (D) Ragone diagram of energy density and power density; (E) 5000 charge-discharge
cycles at 10 A g * current density
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Figure 13. CoAl-LDH//AC device for fan model (A) and boat model (B)
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