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Fabrication of Nickel-foam-supported Layered Zinc-
Cobalt Hydroxide Nanoflakes for High 
Electrochemical Performance in Supercapacitors 

Peng Yuan,a Ning Zhang,b* Dan Zhang,a Tao Liu,a Limiao Chen,c Xiaohe Liu,a* 
Renzhi Ma,d Guanzhou Qiu a

Nickel foam supported Zn-Co hydroxide nanoflakes were 
fabricated by a facile solvothemal method. Benefited from 
the unique structure of Zn-Co hydroxide nanoflakes on 
nickel foam substrate, the as prepared material exhibited 
excellent specific capacitance of 901 F·g-1 at 5 A·g-1 and 
remarkable cycling stability as electrode material in 
supercapacitors. 

Layered hydroxides are a class of layered materials with metal-
hydroxyl host slabs and charge-balancing anions located in 
interlayers, which has drawn immense attention as functional 
materials in catalysts,1 adsorbents,2 anion/cation exchangers,3 drug 
deliverers,4 and electrodes.5 As an important kind of layered 
hydroxides, the transition-metal (e. g. Co, Ni) hydroxides possess 
very desirable electrochemical activity resulted from the good 
accessibility for redox reactions in supercapacitors (SCs).6 
Especially, if two transition metals are co-incorporated in the host 
layer, better capacity and cycling stability are possibly achieved in 
comparison with monometallic hydroxides. Recently, bimetallic Zn-
Co hydroxide, which was composed of divalent zinc and divalent or 
trivalent cobalt, was widely studied as functional materials. For 
example, Delorme et al. have studied the synthesis and anion 
exchange properties of Zn-Co double hydroxide salt;7 Woo et al. 
synthesized the Zn-Co layered hydroxide via a co-precipitation 
reaction and primarily studied the electrode functionality in SCs;8 
Zou has reported that Zn-Co layered double hydroxide possessed 
efficient electro-catalytic property in oxidations of water and 
alcohol.9 Currently, the research about Zn-Co double hydroxide as 
electrode in SCs is still quite limited. It is highly desirable to explore 
Zn-Co layered hydroxide materials with good electrochemical 
performance. 

To achieve high energy density for SCs, the electrode materials 
must possess sufficient surface electro-active species and facilitate 
the transition of electrons for Faradaic redox reactions.10 Recently, 
the Ni foam, which exhibited high electrical conductivity and unique 
three-dimensional (3D) porous structure, was chosen as the substrate 
to support the electrode materials to enhance electrochemical 
performances.11 The Ni foam can provide hierarchical porous 
channels to ensure efficient contact between the surface of electrode 
materials and electrolyte,12 which increase the surface exposed 

electro-active species for redox reactions. Furthermore, the direct 
contact of electrode materials to the conductive Ni foam can not only 
promote the transition of electrons, but also reduce the ‘‘dead 
volume’’ produced by a conductive polymer binder additives.13 In 
this regard, to enhance the electrochemical performance for layered 
Zn-Co hydroxide materials, synthesis of Ni foam-supported Zn-Co 
hydroxide is a promising method. However, although the growth of 
layered transition metal hydroxides on Ni foam has drawn a 
considerable scientific interest (e. g. Ni foam supported Co, Ni, Co-
Ni, Co-Al, and Ni-Al hydroxides),14 there was seldom a report about 
Ni foam-supported Zn-Co hydroxide. That was because previous 
methods for synthesizing Zn-Co hydroxide were mainly a rapid co-
precipitation reaction in presence of Zn cations, Co cations, and 
sodium hydroxide,7-9 which usually induced the formation of Zn-Co 
hydroxide powders rather than the nucleation and growth of Zn-Co 
hydroxide crystals on the surface of Ni foam. Therefore, in order to 
generate Ni foam-supported Zn-Co hydroxide materials, it is 
necessary to develop proper synthetic strategy to slow-down the 
reaction rate during the co-precipitation process.  

In this study, we have developed a facile solvothermal method 
to synthesize Zn-Co hydroxide on Ni foam. The slow-release of OH- 
from hexamethylenetetramine (HMT) and surfactant of 
polyvinylpyrrolidone (PVP) played crucial role in slow-downing the 
co-precipitation rate of Zn-Co hydroxide solid solutions. 
Significantly, the vertically aligned growth of pure Zn-Co hydroxide 
nanoflakes on Ni foam was successfully achieved, which showed 
high specific capacitance and excellent cycling stability as electrode 
material in SCs. 

 
 
 
 
 
 
 
 
 
 

 
Fig. 1 XRD pattern of as prepared Zn-Co hydroxide. 
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The experimental process was detailed in ESI†. Firstly, X-ray 
diffraction (XRD) was used to study the crystal structure of the as 
prepared product. The powder-like product was obtained from 
scraping the surface of Ni foam. Fig. 1 shows the XRD pattern of the 
scraped powder, which indexes to the hydrotalcite-like structure 
(space group: R𝟑𝟑�m (No.166)) and matches well with the previous 
reports about Zn-Co hydroxide.8 A series of {001} Bragg peaks can 
commonly be observed for the as prepared material, which represent 
the characteristic peaks of layered α-type hydroxides.15 There is no 
other peak observed, indicating that the solid solutions of Zn-Co 
hydroxide is successfully synthesized. In addition, the distance of 
layers could be calculated as ~ 0.9 nm according to the Bragg 
equation. Fourier transform infrared spectroscopy confirmed that 
CO3

2- and NO3
- were the main charge-balancing anions located in 

interlayers of the layered Zn-Co hydroxide (see Fig. S1, ESI†).  
 

 
 

Fig. 2 (A) and (B) SEM images of Zn-Co hydroxide on Ni foam; (C) TEM 
image, (D) HRTEM image (inset is FFT pattern), (E) EDX spectrum of the 
Zn-Co hydroxide nanoflakes; (F) STEM image with elemental maps of Co, 
Zn, and O of the Zn-Co hydroxide nanoflake. 

 
The morphology of the as prepared Zn-Co hydroxide was 

characterized by scanning electron microscopy (SEM). Fig. 2A 
shows the SEM image of the Ni foam after the solvothermal process. 
The coarse surface of Ni foam indicates that the metal Zn-Co 
hydroxide product was precipitated on the surface. The 3D structure 
of nickel foam was perfectly kept after the solvothermal process. 
The SEM in Fig. 2B illustrates that all the precipitated product are 
nanoflakes. These nanoflakes connected with each other and aligned 
vertically grow on the nickel foam, which resulted in the formation 
of resultant porous nanostructure. The higher magnified SEM image 
in inset of Fig. 2B clearly displays the supported nanoflakes and 
formed open space between nanoflakes. These nanoflakes possess 

average thickness of about 20 nm. Therefore, the ultrathin 
nanoflakes supported on 3D Ni foam were successfully synthesized. 
Transmission electron microscopy (TEM) measurements were 
carried out to further investigate the structure of the as-synthesized 
Zn-Co hydroxide nanoflakes. In order to efficiently characterize the 
as prepared Zn-Co hydroxide, the supported materials were carefully 
scratched from Ni foam. Fig. 2C shows the TEM image of as 
prepared Zn-Co hydroxide nanoflakes. These nanoflakes connected 
with each other and formed hierarchical structure. The dark regions 
are generally the wrinkles of the nanoflakes or junction of the 
interconnected nanoflakes. The layered structure was also confirmed 
by HRTEM. Fig. 2D clearly shows the layer distance measured as ~ 
0.9 nm, which is identical with the XRD result. The inset in Fig. 2D 
is the Fast Fourier Transform (FFT) image, which shows the <001> 
direction for inter-layers of Zn-Co hydroxide. The energy dispersive 
X-ray spectroscopy (EDX) spectrum in Fig. 2E reveals that the as-
obtained product mainly contains Co, Zn, and O elements (C and Cu 
signals were come from the carbon-supported Cu grid). The Zn:Co 
ratio was determined to be about 1:2, which was consistent with the 
ratio of used reagents in synthetic process. Fig. 2F shows a scanning 
transmission electron microscopy (STEM) image and corresponding 
elemental maps of Zn-Co hydroxide nanoflake. The elemental maps 
of Co, Zn, and O match well with STEM image, indicating that these 
elements are uniformly distributed.  

It was reported that the slow-release of OH- from HMT was 
important for the formation of hydroxide nanoflakes.16 During the 
synthesis, the use of HMT is important for the fabrication of Ni foam 
supported Zn-Co hydroxide. The slow-release effect of HMT not 
only played important role in the formation of Zn-Co hydroxide 
nanoflakes, but also could provide enough nucleation and 
crystallization time for growing on Ni foam surface in solvothermal 
environment. The direct evidence was that when the HMT was 
replaced by other alkaline sources (e. g. NaOH or ammonia 
solutions), the nanoflake-like morphology of Zn-Co hydroxide and 
growth on Ni foam were difficult to be achieved (see SEM images in 
Fig. S2, ESI†). On the other hand, the reaction temperature is an 
important factor in the formation of Zn-Co hydroxide on Ni foam. 
When the experimental temperature was set to 80 °C and kept other 
synthetic parameters unchanged, there was almost no Zn-Co 
hydroxide growing on Ni foam (see Fig. S3, ESI†). That was 
because the hydrolysis of HMT was not active enough for the 
formation of Zn(OH)2-Co(OH)2 solid solutions at low temperature. 
In addition, too high temperature (such as 120 °C) could cause the 
impurity of metal oxides. So, the temperature of 100 °C is a 
relatively proper experimental condition for generating pure 
Zn(OH)2-Co(OH)2 nanoflakes supported by Ni foam. 

Furthermore, the PVP was another important factor for the 
formation of pure phase Zn-Co hydroxide materials. In a control 
experiment without PVP, the impurity of cobalt hydroxide was 
formed (see Fig. S4, ESI†), which was due to that the crystallization 
rate for cobalt hydroxide was too fast to form pure Zn(OH)2-
Co(OH)2 solid solutions. It was reported that the PVP was usually 
used as surfactant to reduce the crystalline nucleation and growth 
rate.17 With the introduction of PVP, the crystalline nucleation and 
growth rate of cobalt hydroxide was decreased, and thus provided 
adequate nucleation and growth time for the formation of Zn(OH)2-
Co(OH)2 solid solutions. It should be noted that the nanflakes still 
could be obtained without the addition of PVP (see Fig. S5, ESI†). 
Therefore, in our synthetic strategy, the PVP mainly influenced on 
the formation of Zn(OH)2-Co(OH)2 solid solutions, but did not have 
obvious effect on the nanoflake-like morphology. 

In the following study, the electrochemical performances of the 
pure Zn-Co hydroxide were studied. Fig. 3A shows the 
representative CV curves of Zn-Co hydroxide at scan rates ranged 
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from 5 to 100 mV·s-1. The well-defined redox peaks within -0.1-0.55 
V appear in all CV curves, which exhibits that the electrochemical 
capacitance of the Zn-Co hydroxide is derived from 
pseudocapacitive behavior of reversible Faradaic redox reactions. 
Two quasi-reversible electron-transfer processes are visible, which is 
ascribed to two plausible reactions at the electrode/electrolyte 
interface. The first pair of peaks at about 0~0.1V is due to the 
conversion between Co(OH)2 and CoOOH: Co(OH)2 + OH- ⇋ 
CoOOH + H2O + e-. The second pair of peaks at about 0.1~0.4V is 
assigned to the change between CoOOH and CoO2: CoOOH + OH- 
⇋ CoO2 + H2O + e-. The content of zinc does not play any role in the 
electrochemical active sites, but have an effect by promoting the 
reaction species in accessing the oxidized cobalt ions.9 Furthermore, 
the shape of CV curves is not significantly influenced by the 
increase of the scan rate. Even at a high scan rate of 100 mV·s-1, the 
CV curve still displays clear redox peaks, which suggests that Zn-Co 
hydroxide supported by Ni foam is beneficial to fast redox 
reactions.18 In addition, the increasing scan rate caused the increase 
of the internal diffusion resistance in the pseudoactive material, 
which induced the increase of current and the oxidation/reduction 
peaks shifted to a more positive/negative positions. In the as 
prepared Ni foam-supported Zn-Co hydroxide electrode, the peak 
potential shifts only about 80 mV from 5 mV·s-1 to 100 mV·s-1, 
which is much lower than the previous reported hydroxides,14d, 19 
indicating the low resistance of the electrode as well as the super-fast 
electronic and ionic transport rate of as prepared Ni foam supported 
Zn-Co hydroxide electrode. The low resistance could be verified by 
electrochemical impedance spectroscopy (EIS) measurement (see 
Fig. S6, ESI†). The chemical formula of the prepared product was 
determined to be Co0.67Zn0.33(OH)1.66(NO3)0.22(CO3)0.06·0.44H2O and 
corresponding theoretical specific capacitance was calculated as 
2261 F·g-1 within 0.5V, as shown in table S1 of ESI†. To evaluate 
the electrochemical capacitive performance of Zn-Co hydroxide, the 
galvanostatic charge-discharge (CD) measurements were carried out 
within the potential window of 0 to 0.5 V at a set of current densities 
ranging from 5 to 30 A·g-1. As shown in Fig. 3B, a relatively 
symmetric shape during the charge-discharge process is observed, 
indicating the good supercapacitive behaviors. As shown in Fig. 3C, 
the specific capacitance can be calculated as 901 F·g-1 (at 5 A·g-1), 
843 F·g-1 (at 10 A·g-1), 800 F·g-1 (at 15 A·g-1), 758 F·g-1 (at 20 A·g-

1), 714 F·g-1 (at 25 A·g-1), and 671 F·g-1 (at 30 A·g-1), respectively. 
This suggests that about 74.5% of the capacitance is still retained 
when the charge-discharge rate is increased from 5 to 30 A·g-1, 
reflecting the good ion diffusion and electron transport ability at high 
current density. To the best of our knowledge, such high 
pseudocapacitive behavior is much better than previous report about 
Co-Ni, Co-Al, and Ni-Al hydroxides materials.14e, 19b, 20 The high 
performance for Ni foam-supported Zn-Co hydroxide could be 
attributed to the efficient contact between the surface of electrode 
materials and electrolyte as well as the fast electron transitions. The 
overall results showed better electrochemical performances in 
compared with the previous reports, such as Zn-Co hydroxide film, 
α-Co(OH)2 long nanowire arrays/graphite,21 Co-Al hydroxides 
nanosheet/Ni foam,14d and so on19a, 20b (see Table. S2, ESI†), 
indicating that Zn-Co hydroxides are promising electroactive 
materials for supercapacitors. In addition, the Ni foam-supported 
pure Zn-Co hydroxide prepared with PVP showed enhanced 
electrochemical activity than Ni foam-supported impure Zn-Co 
hydroxide prepared without PVP (see Fig. S7, ESI†), which was 
probably ascribed to the better electronic transmissions for pure Zn-
Co hydroxide.  

To evaluate the electrochemical stability of Zn-Co hydroxide as 
an electrode material for electrochemical capacitors, CD 
measurements were carried out for 1000 cycles at the high current 

density of 5 A·g-1 between 0 and 0.5 V. As shown in Fig. 3D, after 
an activation process for about 1000 cycles, the capacitance value 
still retains at about 92%, revealing that the Zn-Co hydroxide 
electrode possesses excellent cycling stability. Remarkably, the 
Columbic efficiency remains near 100% during the whole cycling 
test (see Fig. S8, ESI†), suggesting that the charge/discharge 
processes is highly reversible. The SEM images in Fig. S9 of ESI† 
show the Zn-Co hydroxide electrode after charging/discharging for 
1000 cycles at a current density of 5 A·g-1. The morphology of the 
nanoflakes was maintained, which was a good demonstration of the 
structural stability of Ni foam supported Zn-Co hydroxide. 

 

 
 

Fig. 3 Electrochemical performances of the Zn-Co hydroxide: (A) CV curves 
at various scan rates, (B) CD curves at various current densities, (C) the 
corresponding specific capacitance as a function of current density, and (D) 
Cycling performance at 5 A·g-1 for the Ni foam supported Zn-Co hydroxide. 

 
In summary, Ni foam-supported Zn-Co hydroxide nanoflakes 

were successfully fabricated through a facile sovolthermal method. 
The slow-release effect of HMT and surfactant of PVP played 
crucial roles in generating the pure phase of Zn-Co hydroxide 
nanoflakes on Ni foam substrate. During the study of 
electrochemical performances of the product, the as obtained Ni 
foam-supported Zn-Co hydroxide nanoflakes exhibited high specific 
capacitance of 901 F·g-1 at 5 A·g-1 and excellent cycling stability. 
This work provides a promising method to construct Ni foam-
supported transition metal hydroxides for the improved 
electrochemical performance as electrode materials in SCs. 
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† Electronic supplementary information (ESI) available: Experimental 
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