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Hydrothermal One-Step Synthesis of Layered Nickel/Cobalt
Double Hydroxide Using Shape-Directing Agent and
Homogeneous Precipitating Agent

ZHU Li-wei’, YAN Yun-hai, JIA Hui, LIANG Run-fen
(College of Chemistry and Chemical Engineering, Uniersity of South China, Hengyang, Hunan 421001, China)

Abstract : Nickel/cobalt double hydroxide (Ni/Co-DH) has been prepared by facile hydrothermal one-step synthesis method using
hexamethylene tetramine (HMT) as a homogeneous precipitating agent and cetyltrimethylammonium bromide (CTAB) as a shape-
directing agent. With the hydrolysis of HMT and the use of CTAB, the Ni/Co-DH could be synthesized without additional alkali
source, and in the meantime, the Ni/Co-DH exhibited a controlled mesopore size of 13.4 nm and a large BET surface area of 93.6
m?-g' . The X-ray diffraction (XRD) pattern displays that the Ni/Co-DH existed as a mixture of a-Ni(OH),-8-Co(OH),. The scan-
ning electron microscope (SEM) image shows that the as-prepared Ni/Co-DH took on a layered structure, which leads to a maxi-
mum specific capacitance of 1902 F-g' at a current density of 1 A-g". The specific capacitance remained 1250 F-g' when the cur-

rent density increased to 8 A- g™,
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Metallic hydroxides as typical pseudocapacitive
active species have attracted increasing attention be-
cause of their low cost, high redox activity, and envi
ronmentally friendly nature™. However, they suffer
from low electron conductivity and ion conductivity,
which

high-performance supercapacitors.

restricts  their practical applications in

To address the above issue, the parameters in-
cluding specific surface area, morphology, pore size
and pore size distribution (PSD) have to be concerned.
Metallic hydroxides with porous morphology can
have large specific surface area and excellent PSD.
Recently, SiO,, polystyrene, Ni foam are often used
as sacrificed materials for fabricating porous metallic
hydroxides™. Porous morphology like layered struc-
ture can provide large interlayer spacing, which all
ows for fast intercalation/de-intercalation, and guaran-
tees a high electrochemical activity and specific ca-
pacitance!'”. However, the sacrificed materials method

for preparing layered metallic hydroxides is complex
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and time-consuming. Therefore, a new method for
synthesizing layered metallic hydroxides is necessary.

Micelles, dynamic aggregates can alter morphol-
ogy to different extents depending up on their nature
of head group and type of counter-ions ", Surfactant
like cetyltrimethylammonium bromide (CTAB) is the
amphiphilic molecule, which creates highly anisotrop-
ic interfacial regions lining the boundary formed by
the highly polar aqueous and nonpolar hydrocarbon
regions. By incorporating the substrate into the micel-
lar aggregate, CTAB can affect the morphology of a
sample!.

Hydrothermal method can conveniently control
the morphology and size of materials™*". It is widely
adopted to prepare electrode materials with desirable
properties. Hexamethylene tetramine (HMT) can be
hydrolyzed to ammonia and formaldehyde during the
hydrothermal process. Thus, HMT can play the role
of homogeneous precipitation agent and additional

alkali source can be avoided. Hence, if hydrothermal

*Corresponding author, Fax: (86-734)8281675, E-mail: 1031855829@qq.com
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method is adopted and in the meantime both homo-
geneous precipitation agent and shape-directing agent
are used, Ni/Co-DH with special structure can be
one-step obtained in a very simple way. Not only the
process for preparing suitable sacrificed materials and
additional alkali source can be avoided in the synthe-
sizing process of metallic hydroxide, but also
Ni/Co-DH with special morphology can be obtained.

Therefore, we have tried to prepare Ni/Co-DH
by hydrothermal one-step process accompanied with
using both CTAB as a shape-directing agent and
HMT as a homogeneous precipitation agent. The
as-prepared Ni/Co-DH exhibited a layered structure
and excellent electrochemical performance for super-
capacitors with high specific capacitance.
1 Experimental
1.1 Synthesis of the Composite

All reagents were AR grade. Firstly, the mixture
consisting of 1 mmol Ni(NOs),-6H,O and 1 mmol
Co(NO;),-6H,0 was dissolved in 50 mL of deionized
water with 10 mL of glycol, followed by the addition
of 0.02 g of CTAB and 0.8 g of HMT. After being
sonicating for 1 h, the homogeneous solution was
transferred into a 100-mL autoclave and kept at 115 °C
for 4 h. After being naturally cooled down to room t
emperature, the Ni/Co-DH was collected, and washed
with deionized water and alcohol for several times,
and finally dried at 60 °C in a vacuum oven for 8 h.
1.2 Structure Characterization and Elec-

trochemical Evaluation

The scanning electron microscope (SEM) image
was obtained using a Hitachi S4800 SEM (Hitachi,
Japan). The X-ray diffraction (XRD) pattern was
measured on a X-ray D/max-2200 vpc instrument op-
erated at 40 kV and 20 mA using Cu K, radiation
source with A = 0.15406 nm. The specific surface area
was determined by 3H-2000PM2 volumetric adsorp
tion analyzer (Beijing) using nitrogen as adsorption-
desorption gas at 77.3 K on the basis of the
Brunauer-Emmett-Teller (BET) method, and the pore
size distribution was calculated using the Bar
rett-Jouner-Halenda (BJH) method. Cyclic voltamme-
try (CV) and galvanostatic charge/discharge tests were

performed on a CHI660E electrochemical worksta-
tion (Huakeputian Beijing, China) by employing a
three-clectrode system, where Pt electrode and
Hg/HgO electrode were served as the counter elec-
trode and reference -electrode, respectively, and
Ni/Co-DH coated glassy carbon (geometric surface
area of 0.07 cm? ) was used as the working electrode.
1.3 Fabrication of Working Electrode

The working electrode was prepared by a fol-
lowing procedure: 9.0 mg Ni/Co-DH and 1.0 mg con-
ductive carbon were dispersed in 5 mL isopropanol
by sonicating for 30 min to form an ink, and then 5.0
L of this dispersion ink was pipetted gradually onto
a prepolished glassy carbon electrode with a microsy-
ringe. After drying, 5 mL of the diluted Nafion® solu-
tion (0.1%, by mass, Aldrich) was used to cover this
coated glass carbon electrode to form a uniform elec-

trode layer for electrochemical measurements.

2 Results and discussion

Fig. 1 shows the SEM image of Ni/Co-DH. In
Fig. 1, the as-prepared Ni/Co-DH took on a layered
structure. During the hydrothermal process, the
Ni-Co precursor could be adsorbed and/or bound
with the CTAB due to the electrostatic and van der
Waals forces. The anisotropic growth enabled the
Ni-Co precursor nanosheets to be well interconnected
with each other, forming uniform arrays, which in
turn, altered the morphology drastically. Such hierar-
chical architecture is expected to remarkably enhance
the electrochemical activity of the Ni/Co-DH by
shortening the diffusion and migration paths of elec-
trolyte ions in the charging/discharging process.

The XRD pattern of the as-prepared Ni/Co-DH
can be found in Fig. 2. Three intense diffractions ap-
peared at the 26 values of 11.6°, 33.5° and 59.9° are
typical for the rhombo-hedral phase of Ni (OH),
(JCPDS:38-0715) and are indexed to the (003), (100)
and (110) planes, respectively, which is in accordance
with the reported value of @-Ni(OH),. The diffractions
peaks seen at 33.5°, 37.8°, 59.9° and 71° are typical for
the hexagonal phase of Co(OH), (JCPDS:30-0443) and
(100), (101), (110) and (112)
planes, respectively, which is in accordance with the

are indexed to the
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Fig. 1 SEM image of the as-prepared Ni/Co-DH

reported value of B-Co (OH), ™. Therefore, the
Ni/Co-DH sample could be identified as a mixed
phase of a-Ni(OH),-8-Co(OH)..

Nitrogen adsorption-desorption isotherm and
BJH pore size distribution plot of Ni/Co-DH sample
are shown in Fig. 3. From the examinations of nitro-
gen adsorption-desorption isotherm (A) and BJH pore
size distribution plot (B), three features are worthy
being mentioned. First, with the increase of partial
pressure, the Ni/Co-DH exhibited a typical Hsi-type
hysteresis loop, which is the most common for lay-
ered particles with slit-shaped pores. And this obser-
vation was well-corroborated with the layered mor-
phology of Ni/Co-DH. Second, according to BET
plot of nitrogen-adsorption isotherm (A), the specific
surface area of Ni/Co-DH was found to be 93.6 m?-g”,
indicating that the as-prepared Ni/Co-DH has a large
BET surface area. Third, from the analysis of BJH
pore size distribution plot (B), the Ni/Co-DH had a
mesopore size of 13.4 nm. Therefore, such a layered

Intensity/(a. u.)

10 20 30 40 50 60 70 80
200(°)

Fig. 2 XRD pattern of the as-prepared Ni/Co-DH

mespore Ni/Co-DH was supposed to facilitate better
transportation of electrolyte through their nanochan-
nels for efficient redox reactions during the charge
storage process.

Fig. 4 shows the CV curves of the Ni/Co-DH
electrode in 6 mol-L' KOH electrolyte with different
sweep rates ranging from 1 to 10 mV -s” between 0
and 0.6 V (vs. Hg/HgO). The Ni/Co-DH electrode
displayed a strong complementary redox peak. Al-
though the widths of both anodic and cathodic peaks
broadened with increasing potential scan rate, the po-
tential difference between the anodic and cathodic
peaks was small whether at the potential scan rate of
1 or 10 mV s,

theoretically reversible process.

Therefore, it can be considered as a
The as-prepared
sample can remain a good electrochemical perfor-
mance despite increasing scan rate.

According to the CV data, the specific capaci-
tance of the Ni/Co-DH electrode can be calculated
using Eq. C=Qy,1o/(w|V-V1]), where V, and V, are the
low and high end potentials in the CV curve, |V -V,
is the potential window, Qy,..1, is half of total charge
quantity within the CV curve, and w is the total
weight of Ni/Co-DH and conductive carbon. Two
components contribute to C: Ni/Co-DH through the
electrochemical reaction, followed by the conductive
carbon inside the electrode layer. Normally, com-
pared to the Ni/Co-DH, the contribution of conduc-
tive carbon is negligible. Therefore, in the potential
window of 0 ~ 0.6 V (Fig. 4), the calculated specific
capacitance based on the weight of Ni/Co-DH is 1905
F-g'atl mV-s'.

The first discharge performance of Ni/Co-DH
electrode was estimated by galvanostatic charge/dis-
charge measurements in 6 mol -L" KOH aqueous so-
lutions at the various current densities of 1 ~ 8 A - g
as shown in Fig. 5. Each discharge curve includes
two clear voltage steps: a fast potential drop from
0.45 V to 0.35 V and a slow potential decay from
0.35 V to 0.25 V. For the former step which is close
to an ideal straight line shape, it corresponds to inter-
nal resistance. And the latter represents pseudocapac-

itive feature arising from redox process of the elec



%4 SRS AR A LRI AR GE FRE S50 5 0] 700 K 30— 2 5 W2 IRl SR L <415
350 X 0.012 5
300+ —a— Absorption 0.010 |
—o— Desorption T -
20 I E 0.008 |
£ 200] i o
R s " 0.006 ¢
P S \
g 150 p:. S
z £ 2 0.004 l
> 100 «'// = )
= 0.002fs
01 ot I
T Yot - %
of ‘ ‘ . . . 0000k 20re o o e .
0.0 02 0.4 06 08 10 0 20 40 60 80 100 120 140 160 180 200

Relative pressure/(P/P )

Pore diameter/nm

Fig. 3 BET isotherm (A) and BJH pore size distribution profile (B) of the as-prepared Ni/Co-DH
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Fig. 5 Discharge curves of the Ni/Co-DH electrode at vari-

ous current densities

trode. There is obvious deviation of the discharge
curve from a straight line, indicating that the capaci-
tance mostly comes from the Faradic redox reaction
of Ni and Co electroactive species in the Ni/Co-DH.
The specific capacitance values of the Ni/Co-DH
were 1902, 1791, 1571, 1415, 1250 F-g' at 1, 2, 4, 6,

8 A g, respectively. This demonstrates that the hy-
drothermal one-step synthesis method in this work
may be an efficient way to prepare Ni/Co-DH hybrid

material with excellent electrochemical performance.

3 Conclusions

In this work, the Ni/Co-DH with a layered struc-
ture has been synthesized by the hydrothermal
one-step synthesis method using hexamethylene te-
tramine (HMT) as a shape-directing agent and cetyltr-
imethylammonium bromide (CTAB) as a homogene-
ous precipitating agent. The unique architecture ob-
tained greatly improved the Faradaic redox reaction
and mass transfer process. The Ni/Co-DH based elec-
trode could have a specific capacitance of 1902 F - g
at the discharge current density of 1 A -g"'. Combin-
ing shape-directing agent and homogeneous precipi-
tating agent method may be an efficient way to pre-
pare layered Ni/Co-DH materials with excellent elec-

trochemical performance.

References:

[1] Wang G P, Zhang L, Zhang J J. A review of electrode ma-
terials for electrochemical supercapacitors[J]. Chemical
Society Reviews, 2012, 41(2):797-828 .

[2] Gao Z, Yang W L, Wang J, et al. Flexible all-solid-state hi-
erarchical NiCO,O,/porous graphene paper asymmetric su-
percapacitors with an exceptional combination of electro-
chemical properties[J]. Nano Energy, 2015, 13: 306-317 .

[3] HuZ A, Xie Y L, Wang Y X, et al. Synthesis and electro-
chemical characterization of mesoporous Co,Ni,, layered
double hydroxides as electrode materials for supercapaci-
tors[J]. Electrochimica Acta, 2009, 54: 2737-2741.



-416- W,

= 2016 4

[4]

(5]

[7]

(8]

(9]

Yan X Y, Tong X L, Wang J, et al. Synthesis of meso-
porous NiO nanoflake array and its enhanced electrochem-
ical performance for supercapacitor application[J]. Journal
of Alloys and Compounds, 2014, 593: 184-189.

Yan T, LiR Y, Yang T T, et al. Nickel/cobalt layered dou-
ble hydroxide hollow microspheres with hydrangea-like
morphology for high-performance supercapacitors[J]. Ele-
ctrochimica Acta, 2015, 152: 530-537.

Yan L, Li R Y, Li Z J, et al. Three-dimensional activated
reduced graphene oxide nanocup/nickel aluminum layered
double hydroxides composite with super high electro-
chemical and capacitance performances[J]. Electrochimica
Acta, 2013, 95: 146-154.

Dong S, Dao A Q, Zheng B J, et al. One-step electrochem-
ical synthesis of three-dimensional graphene foam loaded
nickel-cobalt hydroxides nanoflakes and its electrochemi-
cal properties [J]. Electrochimica Acta, 2015, 152: 195-201.
Deng W, Lan W, Sun Y R, et al. Porous CoO nanostruc-
tures grown on three-dimension graphene foams for super-
capacitors electrodes[J]. Applied Surface Science, 2014,
305: 433-438.

Zheng Q Y, Zhang X Y, Shen Y M. Construction of hierar-
chical porous NiCO,0, films composed of nanowalls as
cathode materials for high-performance supercapacitor[J].
Materials Research Bulletin, 2015, 64: 401-404.

[10] Gupta V, Gupta S, Miura N. Al-substituted a-cobalt hy-

droxide synthesized by potentiostatic deposition method

as an electrode material for redox-supercapacitors [J].
Journal of Power Sources, 2008, 177(2): 685-689.

[11] Pal T, Sau T K, Jana N R. Reversible formation and dis-

solution of silver nanoparticles in aqueous surfactant me-
dia[J]. Langmuir, 1997, 13(6): 1481-1485.

[12] Al-Thabait SAi, Obaid A Y, Hussain S, et al. Shape-di-

recting role of cetyltrimethylammonium bromide on the
morphology of extracellular synthesis of silver nanoparti-
cles [J]. Arabian Journal of Chemistry, 2015, 8 (4):
538-544.

[13] Talebi-Esfandarani M., Savadogo O. Enhancement of ele-

ctrochemical properties of platinum doped LiFePO,/C
cathode material synthesized using hydrothermal method
[J]. Solid State Ionics, 2012, 61(4): 81-86.

[14] Sierra-Fernandez A, Gomez-Villalba L S, Milosevic O, et

al. Synthesis and morpho-structural characterization of
nanostructured magnesium hydroxide obtained by a hy-
drothermal method[J]. Ceramics International, 2014, 40
(8): 12285-12292.

[15] XuM, ChenZY , Li L J, et al. Highly crystalline alumina

surface coating from hydrolysis of aluminum isopropox-
ide on lithium-rich layered oxide[J]. Journal of Power
Sources, 2015, 281: 444-454.

[16] Yan T, Zhu H Y, Li R Y, et al. Microwave synthesis of

nickel/cobalt double hydroxide ultrathin flowerclusters
with three-dimensional structures for high-performance

supercapacitors[J]. Electrochimica Acta, 2013, 111: 71-79.

F AHRITLEF RIS A AR—T TR
EBRRESELD

kAR B =, N

22

A

(PR AEAL 2 540 L2 B, 1r 5P 421001)

8 ZE ¢ A% SO A SR 3o 8 oo ) B 928 0 329 KI5 38 70 7 1 6 D0 TG TR 50 5 1) 300 - e i = PR A B | 55 A K
I I 7 v — 25 G T B A SR . B 7S U R DU e r A A T R ARl S A T AR 5 i Ll e T4
MR 4 T RV Pl T SN e R e B = T R A B S S FLAR IR T, S ok B B A S S A B A AT
P A FLRAT 13.4 nm LR BRI LR TH AR 93.6 m?- g, X5 2R A7 5 P15 2 B 45 J 1 ot 1) B el &0 S Ak i vy 0 2
a-Ni(OH),-8-Co(OH),. ¥4 B B 3% Bl & J HH ok i i SR AL ) HoAr R R 45 4 TE 2 P OR 2 R A L A5 M I A7
AR R A BRI TE 1 A R R AT LU ik 1902 F-g. B A O 4% 2 42 =i 51 8 A- gt B4R

SR L R AT O T LA R TE 1250 F- g,

KGR 2R 5 5 e = F LA s R SR Ak R



	Hydrothermal one-step synthesis of layered nickel/cobalt double hydroxide with using shape-directing agent and homogeneous precipitating agent
	Recommended Citation

	tmp.1678199043.pdf.TsOOA

