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Layered Hydroxides and Their Application in Supercapacitors
LIU Qiang, YE Fei, PANG Ruilvjing, LIU Yang, HU Linfeng
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Abstract: As the series environmental pollution and energy crisis, and the growth of energy demand, it is very essential to
develop novel energy storage device to replace traditional fossil fuels. Supercapacitors has been considered as a prospective
energy storage device with broad application prospects due to the high power density, long cycle life, wide temperature
range, high safety and environmental friendliness. However, the energy density of supercapacitors ( E=1/2CV*) cannot
meet the application requirements owing to the relatively low specific capacitance (C) and small voltage window (V). This
review summarizes the strategies for designing and optimizing inorganic layered hydroxides to enhance the specific capaci-
tance by morphology and crystal structure regulation, respectively. We also expound our viewpoints on the future develop-
ment prospects of the layered hydroxides for energy storage applications.
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Fig. 1 Regulation strategies of layered metal hydroxides in electrochemical

performance enhancement
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Fig.2 Preparation process, morphology characterization, and electrochemical test of “2D nanosheet/2D LDH quantum dots” composite structure
LDH/rGO™! . (a) schematic illustration of the in-situ solution growth of LDH ultrafine nanosheets (UNs) on GO; (b) 3D charge-den-
sity difference for the interface of LDH UNs and rGO by DFT calculation studies, blue and green regions represent charge accumulation
and depletion, respectively; (c¢) typical TEM images of the Ni,-Fe; LDH UNs@ rGO composite; (d) comparison of Cs of the LDH/rGO

hybrid electrodes prepared with different Ni/Fe atomic mole ratios
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Fig. 3 Preparation process, morphology characterization and electrochemical test of core-shell structure MnCo, 0, @ Ni( OH)Z[ZSJ : (a) sche-

matic illustration of the general electrode design process; (b) typical TEM image of the MnCo,0,@ Ni( OH), belt-based core-shell

nanoflowers; (c¢) specific capacitances comparison of MnCo,0,@ Ni(OH),, MnCo, 0, and Ni( OH) , electrodes; (d) Ragone plots of

our supercapacitor based on the full cell, compared with some high-end commercial supercapacitors
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Fig. 4 Preparation process, morphology characterization and electrochemical test of three-dimensional flower-like structure Co,Ni,_,(OH), 1,

(a) schematic illustration of the synthetic mechanism of the flower-like Co, Ni,_ (OH),, (b) SEM images of Co,Ni,_,(OH),, (c¢)

Ragone plot of Co,Ni,_,(OH),//NGA asymmetrical supercapacitor and a comparison with other materials

P8 A0 BRI SRS S X R AW ) SR 1 AN o o 2 P 25 25
WA IAF] 32 Wh - kg™, DI E N 8027 W - kg
(18 4c fim) Y
3.2 BREGEMIERE
3.2.1 AZAziAE

E Ry VAT NIV VAN p SRS ol =N iR
G B SRR BN, BB S A S A Bl 2 R
2 [, SSRGS AR AR TR R,
A4 AT IE B At 3 oL, GRS o JE P RE SR A 2 A
WA AR T, RSN S, WA BT
ATLASCR B o F i TR ol DATT42 TH A4 RE N 2R vk
JE, R AR SR RN 1 Bh 2, B AR S L
FIAE R L R A A R PR RE L BB R, A
P e B TR B | REDY L SR EUY %, AR
FIBRBAZE R IR BE 2 A8 Ak, b5 KF Zou WRAEAL 38 1 7
TRER RO TR SR 45 1 2R DU A AL b
HH(NiMn-LDH) (4nf&l 5a i), 8 UG SR /K b B
BRSO B DL LDH BIESR, 2 T+ A4k e 25 1 g
(K 5¢ fiR) , dl i s —PEEE T (- Sh) rT A, 16k
BRI AR ZS OnT AR TR 2 TEE A 4, A AT LDH M
HLfR T OH A AH ELAE T, R4 48028 O B2 /5 1Y NiMn-
LDH #ARHE 1 A - o' MRS E TR B B8 1) L 25
(1183 C -g™') | FFRVERE (IR A EEHT NS 10 A - g7 B,
LA AR R F R 70. 6% ) FIAE 4 75 iy (2000 WAGIA 5,
RN 95.7%) (WNE 5d FiR) . A2 R Fems
ARG L A PR A R PE RESR TR ST BRI TR LA

3.2.2 BEAEEEBTIAK

HE UL, R E A AR ) 4 B
B 3 FhasAt . QO (AL A E P o B R
SIEHE T, g )m S AR e e & A A,
WA R SR A = o e R A A, @
TRAR A4 B S A I A S BB T
5 B AN R — B B A = A e P
F A IRIE Tolk K2 Huo BEH 4004 Mn 55115 2y it
a-Ni(OH) , LIS FF L 25 M e 0f- 8 7= SLHL . 7E90 th 16
B2 ) Mn™ & AE R AT 3 S A 78 Ry Mn™ IR B3 78
NiO, 1, HREMH M a-Ni (OH),/y-NiOOH #| 8-Ni (OH),/
B-NiOOH FRAHAE | I i — 25 (45 HhL W 14 285 ) 52 A 1
X FE R T N Jahn-Teller &% W 23512 A 45 22 |
A Ni*MELL & A ] 36 SR IR AR Ak, Mn™ B F I AEFE
AT LA Ni* B F 19 Jahn-Teller 200, 155 £ 09 Nit* &
SEAEFE; JEH, Mo B PR RELE)Z F W5 E £ 5
T, REFEE A EAE, REIEH A, %o
T S AR Z BRI ETICR, MBERBE
a FUAOPRL I TT A S AL T R il 55 5241

U AR A A v 43 8 FH 2 1 1 Fe T LU
FOREAEHIE S SR SS H R A P Re . MR T4
FIFH 75 ot 1 = F SR IRAR B AR S Aok 54 AR K B, 7
BRILIAR b AR B A K B 2 L8 K S50 i B4l 2
RIUE E ALY (NiCo-LDH ) 2 A1 (K 6a) , WF5E %I,
P L HL AT (4 SRR | )2 8] H ey 2 B B R AR
T B 2R b AR 2 A8 T AR S A A AR ] 1 R )22 B8



326 rh A R %4 %
[a]
l:lfrrrada'pnsman ()miarmn
1" M+ I'v())
Ni foam NiMn-LDH@Ni foam Ov-LDH@Ni foam
1250 504 d
=3~ Ov-LDH 404 L
=5~ NiMn-LDH & \ Our work
£~10004 ~O~Ni(OH), 2304
o =
(&)
2 750- §2°-
8 ]
% : \‘
S 500 o
8 B1o
8 § "'."CONI[OHWflpnlnIICNTIAClCNT
(% 250 w +":,u,_‘1‘|-l‘-i" xideslAC
0 +\|)1n LDHiporous Carboni/AC
o 5 10 15 20 25 30 0.1 ' 10
Current density (Ag™") Powerdensuty (kWkg")

IS 478 (09845 NiMn-LDH A BERHL AL T 0 (a) BRILVK LAOSYZ Ov-LDH 3D 14 2R G54 1 M 24t 45 1% R
(b) NiMn-LDH #8 §4#% . Ov-LDH ShMf9 kg4 . OH™ 7 Ov-LDH L i B A K25 Yk OH™ 7 Ov-LDH-OH L i W fff /i
EHE; (c) Ov-LDH, Ni(OH), Fl NiMn-LDH 1)t 255 5 FL i 5 B I pREROC 2R, Eb 25t ph 4 FL 30 8% 152 100 4 I e ol il 28
53 (d) Ov-LDH//AC 1Y) Ragone &I Hl— 252l (5L T Ni-/Mn- 14 X FR 2 L 25

Fig. 5 Preparation process and electrochemical test of NiMn-LDH regulated by oxygen vacancies' > ; (a) schematic illustration of the

two-step fabrication strategy for the hierarchical Ov-LDH 3D architecture on nickel foam; (b) optimized structures of NiMn-LDH
supercell, Ov-LDH unit cell, OH™ adsorption on Ov-LDH and the second OH™ adsorption on Ov-LDH-OH; (¢ ) specific capacity
of Ov-LDH, Ni(OH),, and NiMn-LDH as a function of the current densities calculated from the corresponding discharge curve for

each current density; (d) Ragone plots of the Ov-LDH//AC and some reported Ni-/Mn- based asymmetric supercapacitor
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Fig. 6 The preparation process, morphology characterization, and electrochemical test of NiMn-LDH regulated by metal ions in the lay-

er'™’; (a) the formation mechanism of Ni-Co LDH composite films and schematic diagram of asymmetric supercapacitors; (b~d)
SEM images of the as-obtained nanosheets obtained at different Ni :Co feeding mole ratios and with various nanosheet thickness: (b)
10:0, 60 nm, (c) 9:1, 50 nm, (d) 6:4, 26 nm; (e) comparison of CV curves of the Ni-Co LDH hybrid-, nickel hydroxide-, and
cobalt hydroxide- electrodes at a scan rate of 10 mV -s™'; (f) comparison of specific capacitances of the Ni-Co LDH hybrid elec-

trodes prepared with different Ni:Co feeding mole ratios; (g) comparison of energy density vs power density curves of the Ni-Co LDH

hybrid-, nickel hydroxide-, cobalt hydroxide-, RGO- electrodes and the Ni-Co LDH//RGO asymmetric supercapacitor
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Fig. 7  Preparation device, structure and morphology characterization, and electrochemical test of ZnCo, s( OH), sCl, 5+0.45H,0 sample ™ ;

(a) optical photographs of the synthesis process and the aqueous dispersion of ZnCo, s( OH) , 5Cl; 5+0. 45H,0 sample, (b) SEM images

of ZnCo, 5 (OH), sCl; 5+ 0.45H,0 hexagonal nanosheets, (c¢) XRD pattern of as-prepared ZnCo, s( OH), sCl 5+ 0.45H,0 sample

(inset; enlarged view of the pattern in high angles) , (d) side-view along b-axis of layered ZnCo, s( OH), 5Cl; 5+0.45H,0 crystal, (e)

comparison of specific capacitances of the ZnCo, s( OH), 5Cl, 5+0.45H,0 and previously reported transition metal oxide/hydroxide elec-

trodes at varied current densities, (f) comparison of the energy densities vs power density curves of ZnCo, s( OH), sCl, 5+0.45H,0//

PVA-KOH//rGO and recently reported all-solid-state supercapacitors
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