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Sandwich structure graphene/Ni(OH)2 composites with super pseudocapacitive performance are 

obtained by one-pot hydrothermal method. Thermogravimetry and differential scanning calorimetry 

(TG–DSC), X-ray diffraction (XRD) analysis, Scanning electron microscopy (SEM), Fourier 

transformed infrared spectroscopy (FTIR), Raman spectroscopy (Ram) and Transmission electron 

microscopy (TEM) are used to determine the structure and morphology of the composites. It is 

interesting that the C : Ni ratio plays an important role on the composite’s capacitive performance. The 

specific capacitance is 2256 F g-1 at 6M KOH solution when the ratio of C:Ni is 1:7. 93% specific 

capacitance is remained after 7000 cycles, which exhibits its superior cycle stability. This reflects that 

sandwich structure graphene/Ni(OH)2 materials are promising for energy storage applications. 
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1. INTRODUCTION 

  Supercapacitors, combined high energy densities and excellent power density, paving a way 

between traditional batteries and conventional electric double-layer capacitors (EDLC) [1, 2]. Beyond 

this, supercapacitors possess high rate capability and long recycling life. They are promising in 

portable electronic devices, power backup, and industrial energy management, etc [3, 4]. The unique 

characteristics of supercapacitors are relyed upon the fast and reversible redox reactions of active 

materials which is named pseudocapacitance[5, 6]. Actually, EDLC and the pseudocapacitance are 

both exist in the supercapacitors. But the pseudocapacitance is several dozens times of EDLC in most 

situations. This fast and reversible redox reaction can occur not only on the surface but also in the body 

of electrode, but primarily on the surfaces or near-surface areas of active materials especially under 

fast charging and discharging conditions. So an effective way to enhance energy density is to enlarge 

the surface area of active materials. Mainly there are two ways to realize this [7, 8]. First method, 
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which has been widely reported, is to control the morphology of materials, such as nanosized or porous 

structures. Another simple way is to synthesis super performance mixture or compounds. Ni(OH)2 is a 

attractive supercapacitor materials because of its low price, environmental safety, facile synthesis and 

super theoretical specific capacitance (3750 F g-1) [9,10]. But its poor conductivity (~10−17 S/cm) and 

volume changing during charging and discharging process prevents its directly application. A 

practicable method is to combine it with well conductive materials [11,12]. Graphene has attracted 

much attention since it was first obtained in 2004 by micromechanical cleavage method [13]. 

Graphene is a single-atom-thick of graphite structure. It possesses the advantages of both excellent 

conductivity and large surface area (2630m2/g) [14-16]. Recently, graphene has gained great attention 

on enhancement the performance of supercapacitors [17, 18]. However, due to van der Waals 

interaction, graphene sheets usually agglomerate and loss its special performance during process of 

preparation. As a result, as well as we known, limited improvement has been gained until now 

(120−348 F g−1) [19, 20]. The combination of Ni(OH)2 with graphene prevent the agglomeration of 

graphene as well as improve the conductivity of Ni(OH)2 and enlarge the effective surface area of 

electrode [21-23]. So the capacitive performance of graphene/Ni(OH)2 is heavily enhanced. In this 

paper the Ni(OH)2 nanosheets are in suit induced on the graphene surface through simple one-step 

hydrothermal method, and sandwich layered structure composites are obtained. In 6 M KOH solution, 

the maximum specific capacitance is 2256 F g-1 at 12.5 A g-1. This is a promising method to massively 

produce graphene/Ni(OH)2 with excellent capacitive performance. 

 

 

2. EXPERIMENTAL  

2.1 Preparation of Graphene oxide (GO)  

GO is synthesized by an improved Hummer’s method derived from graphite powder of reagent 

grade [24]. 2.0 g graphite powder together with 50 ml 98% H2SO4 solution were put into 0-10 C  ice 

bath and stirred for 30 minutes. Then 0.3 g KMnO4 was added to preoxide 5 minutes while being 

vigorously stirred. After that 2 g KMnO4 is gradually added for 3 times in turn within 20 C  under the 

same agitation condition. The compound is stirred at about 35 C  for 3 h. Further, 100 ml deionized 

water is bit by bit added to the admixture under vigorous agitation to keep temperature remain at about 

90 to 100 C . In the end, 300 ml 50 C  deionized water and 30 ml 30% H2O2 are added under stirring 

within 15 minutes. The as-prepared products are filtered and in turn washed with 1% HCl solution to 

remove metal ions, and repeatedly washed with deionized water. The filter GO cake is dried in an 80

C vacuum oven for 12 h.  

 

2.2 Preparation of graphene/Ni(OH)2  

The 20mg GO was added into a certain quantity of nickel acetate Ni(C2H3O2)2 aqueous 

solution. Stirring 2 h before the admixture was sealed in a reacting still, and then put it into 200 °C 

oven to react 10h. The obtained was washed by deionized water and ethanol in turn for several times, 

before dried in an 80°C vacuum oven for 12 h. According to the ratio of C to Ni ( 1:1, 1:4, 1:7, 1:9, 
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1:13), the products are marked as G1, G2, G3, G4 and G5, respectively. For comparison, Ni(OH)2 and 

graphene (GE) samples are also prepared in the same condition but without the presence of GO or 

Ni(C2H3O2)2.  

 

2.3 Characterization and Electrochemical Test  

The morphologies of the samples are examined with a scanning electron microscope (SEM, 

SU8010). The sample structure and chemical compositions are determined by X-ray diffraction (XRD, 

D8 ADVANCE) with Cu Kα (0.15416nm) source and energy dispersive X-ray spectroscope (EDX). 

Fourier transform infrared (FTIR) spectra are obtained by using VERTEX70. The thermal stable of 

samples structure are examined by thermogravimetry and differential scanning calorimetry (TG–DSC) 

on TGA/DSC1, the sweeping temperature range is 25-750 °C with a scanning step of 10 °C min-1 at 

argon atmosphere. The electrochemical behaviors of samples are determined by CHI660D. Cyclic 

voltammograms and galvanostatic charge–discharge tests are carried out within a three-electrode 

system. Ni(OH)2, graphene or graphene/Ni(OH)2 is used as the working electrode, platinum sheet is 

used as the counter electrode, and SCE is used as the reference electrodes, respectively.  

 

 

 

3. RESULTS AND DISCUSSION 

3.1 Structural characteristic 

TG-DSC is conducted at argon to recognize the thermal stability of samples. As can be seen 

from Fig.1 (A), there is a gently slope before 100°C for Ni(OH)2, it owning to the vaporization of 

moisture. Between 275 and 320 °C, the weight loss of about 16% along with a DSC exothermal peak, 

which owing to the following reaction (1): 

ΟΗΝiΟΝi(ΟΗ) 22                    (1) 

In Fig. 1 (B), a rapid mass loss of about 13% from 250 to 310°C due to the same reaction (1) is 

detected in the graphene/Ni(OH)2 (G3) sample. The decrease of the decomposition temperature 

indicates that the doped Ni(OH)2 in the graphene/Ni(OH)2 is more easily to be disintegrated than the 

pure Ni(OH)2 sheet due to the aggregates of Ni(OH)2 plate structures are dispersed by the intercalated 

graphene. The active sites of Ni(OH)2 are enriched which resulting in the enhancement of its capacitive 

performance. The fractional variation of 3% is due to the contribution of graphene in the composite. 

The weight loss of about 15% between 650 and 750°C in Fig.1 (B) is owing to the oxidation of 

graphene by the water vapor produced by Ni(OH)2 decomposion, which is shown in following Eqs. (2) 

and (3). 

2 2C+H O CΟ Η                      (2) 

                      2 2 2C+2H O CΟ 2Η                    (3) 
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Figure 1. TG-DSC of Ni(OH)2 (A) and graphene/Ni(OH)2 (G3, B) 

 

 

The natures of composites are further confirmed by XRD detection. XRD patterns of the 

graphene and G3 are given in Fig. 2A.The peak of graphene appears at 10.3°, which is its characteristic 

peak. The shift of 24° to 10.3° means the interlayer distances of the graphene is larger than that of 

graphite. It elucidates that graphene we prepared has more space for the ion and proton to transfer, 

which is benefit to the enhancement of conductivity and capacitive performance. The nearly symmetry 

of the (002) peak discloses the uniform interlayer spacing in c-axis direction. The diffraction peaks of 

the G3, at around 19.3◦(001), 33.1◦(100), 38.5◦(101), 52.1◦(102), 59.1◦(110), 62.7◦(111), 70.5◦(103), 

72.7◦(201) and 82.6◦(202), are those of hexagonal β-Ni(OH)2 (JCPDS 14-0117). All the peaks, 

including 001, 100, 101, 102, 110, 111, 103, 201 and 202, are slim and relatively strong, which means 

the hexagonal β-Ni(OH)2 crystallizes quite well. The characteristic peak of graphene is nearly 

disappeared in XRD patterns of G3, which is probably due to the degree of crystallinity of graphene is 

quite low compared with the β-Ni(OH)2 crystal. 

The presence of graphene and Ni(OH)2 in the composites is further confirmed by FTIR 

spectroscopy. The benzene ring skeleton C=C stretching vibration peaks both appear at 1590 cm-1 for 

graphene /Ni(OH)2 (G3) and graphene in Fig. 2(B). The new absorption peak at about 525 cm−1 in G3 

is belong to Ni-O stretching vibration [25]. Moreover, the steep stretching vibration peak of 

dissociative O-H at 3630cm−1 indicating the interlayer space of graphene is enlarged after the addition 

of Ni(OH)2 sheet. So the residual O-H of reduced graphene oxide becomes more active. This confirms 

that the combination of Ni(OH)2 and graphene enhances the single component’s performance. The 

synergistic effect plays a vital role for the promotion of composites capacitive performance. 

In order to obtain more information about graphene/Ni(OH)2 composite, Raman spectroscopy 

(Fig.2C) has also been characterized. The characteristic peaks of first-order G-mode and disorder-

induced D bands both appear for graphene and graphene/Ni(OH)2 [26, 27]. A tiny shift from 1345 to 

1352 cm−1 and from 1577 to 1594 cm−1 is observed. This is due to the introduction of nickel hydroxide 

to increase the disordered distribution of graphene, which increases the energy of graphene. 

Furthermore, the Ni(OH)2 intercalation enhance the material structure integrity due to the decrease the 

collapses of graphene. In fact, the ID/IG ratio changed from 1.38 to 0.98, which is a measure of the 

defects in the carbon network. It indicate that graphene/Ni(OH)2 gives full play to the properties of 

graphene. 
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Figure 2. (A) XRD, (B) IR and (C) Raman spectra of graphene (a) and G3(b). 

 

 

 

Figure 3. SEM images of graphene (A), Ni(OH)2 (B), G3(C) and EDX element dispersion of C(D), O 

(E) and Ni (F) of G3. 

 

SEM images of graphene, G3, Ni(OH)2 and the EDX pattern of G3 are given in Fig. 3. It can be 

seen that graphene is a lamellar structure, which consist of several layers which as thin as a cicada's 

wings stacked on top of each other (Fig. 3A). Ni(OH)2 is a sheet structure (Fig. 3B), a piece of 

irregular superposition together. graphene /Ni(OH)2 sample (G3) is layered structure (Fig. 3C). The β-

Ni(OH)2 flake is uniformed distributed on the graphene surface. The EDX results further confirm the 

exist of Ni(OH)2 and graphene in G3, and give a distinct view of homodisperse of Ni(OH)2 and 

graphene.  

To understand why the Ni(OH)2 flake formed uniformed on graphene surface, a formation 

mechanism is summarized as follows: the addition of Ni(C2H3O2)2 solution provides numerous Ni2+ 

D    
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nucleation centers on the graphene surface because where there are lots of negative charges carried by 

oxygen functional groups which could absorb Ni2+. As the increasing of reaction temperature, Ni2+ is 

hydrolyzed to β-Ni(OH)2 as well as the oxygen functional groups are reduced, so GO become 

graphene. As the anisotropy of β-Ni(OH)2 crystals, the flake structure will be formed at certain 

direction. And graphene is also sheet structure and remains some oxygen functional groups on its 

surface. These oxygen functional groups form hydrogen bond with Ni(OH)2, as a results, the Ni(OH)2 

flakes uniformed obtained on the graphene surface.  

 

3.2 Electrochemistry performance 

The electrochemical behavior of graphene/Ni(OH)2 is evaluated by cyclic voltammograms and 

galvanostatic charge–discharge measurements. Fig. 4A shows the CV curves of graphene, G3, and 

Ni(OH)2 measured at 50 mV s−1 in 6 mol L−1 KOH solution. The integral area of G3 is far larger than 

that of graphene and Ni(OH)2. This mean the sandwich structure graphene /Ni(OH)2 not is the simple 

mixture, it fully realizes the super performance of graphene and Ni(OH)2 by synergistic effect. A pair 

of well-defined redox peaks corresponds to the equation (4) is exhibited for G3 [28] 

β-Ni(OH)2+OH−→β-NiOOH+H2O+e−                                   (4)                                 

The oxidation peak at around 0.37 V and the reduction peak at about 0.1 V are strongly shifted 

compared with the single Ni(OH)2 (0.29V and 0.13V). This means that the Ni(OH)2 component of the 

as-prepared graphene /Ni(OH)2 is more easily oxidized than that single Ni(OH)2. It is owning to the 

insert of graphene enlarged the interlayer spacing of Ni(OH)2 and more active sites are exposed, which 

is beneficial to the transfer of ion and proton.  

 

 
 

Figure 4. (A) CVs of graphene(a), Ni(OH)2(b) and graphene/Ni(OH)2 (G3) (c) at 50 mV s−1in 6 M 

KOH, (B) Discharging curves of the G1 (a), G2 (b), G3(c), G4 (d), G5 (e) and inset is their 

specific capacitance. (C) The relationship of reduction peak current and square root of scan rate 

of G3 

 

The discharge curves at 12.5 A g-1 of G1, G2, G3, G4, and G5 are given in Fig. 4B. There is a 

long discharge platform for every sample. At first with the increasing of Ni2+ concentration, the 

discharge time increases. When the ratio of C to Ni is equals to 1:7, the discharge time is the longest. 

And the supreme specific capacitance is 2256 F g-1. Then the further increasing of Ni concentration 

causes the discharging time decreasing. This further confirms that the graphene /Ni(OH)2 is not the 

simple mixture of two component, they do effect each other with synergistic effect. Due to the storage 
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energy mechanisms of graphene and Ni(OH)2 are totally different. At certain ratio their synergistic 

effect works better than at the other conditions. The uniform layered structure not only enhances the 

utilization of the surface area of graphene, but also makes Ni(OH)2 disperses well in graphene 

/Ni(OH)2. Thus the nature of Ni(OH)2 could also be fully exploited. 

In order to excavate the dynamics feature of graphene /Ni(OH)2 in the process of charging and 

discharging. The relationship of cyclic voltammogram reduction peaks current and square root of scan 

rate of G3 are expressed in Fig.4C. The linear correlation is found between the reduction peak current 

and the square rate of scan rate, and the coefficient of correlation (R) is equal to 0.998. This confirms 

that the electron transfer behave of G3 during electrochemical redox process are controlled by the rate 

of diffusion. It is coincide with the conclusion of Fig.4A that the oxidation reaction of Ni(OH)2 to 

NiOOH is a fast step, and the parameters influence the diffusion of OH- ion will determine the 

capacitance performance of materials. This sandwich structure graphene/Ni(OH)2 made the Ni(OH)2 

well dispersed and so Ni(OH)2 is more easy to be oxidized than packed Ni(OH)2 sheets. As a results, 

this sandwich structure graphene/Ni(OH)2 presents a wonderful capacitance performance, and it is 

superior to some reported similar materials, which detail data are exhibited in Table 1. 

The cycle life is a vital parameter for supercapacitor. The cycle performance of G3 is displayed 

in Fig.5. At the first stage of 800 cycles, its specific capacitance remains 2256 F g-1 without any 

changes. Then, the slightly decrease appears and its value deceased 6 % after 7000 cycles and reaches 

2125 F g-1. The retention of 93 % shows the superior cycle stability of composite. 
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Figure 5. The specific capacitance of 7000 cycles 

 

Table 1. Specific capacitance of relevant materials at different current density 

 
electrode electrolyte Specific 

capacitance(F g-1) 

Current 

density 

Ref. 

Graphene/Ni(OH)2 6M KOH 2256 12.5A g-1 This work 

Ni(OH)2/CNTs/graphene 6M KOH 2868.5 0.5 A g-1 [29] 

β-Ni(OH)2@rGO 6M KOH 1710 2 A g-1 [30] 

Graphene/Ni(OH)2 6M KOH 2053 0.3A g-1 [31] 

Ni(OH)2/graphene/ CNTs 6M KOH 1170.38 0.2A g-1 [32] 

Ni(OH)2/graphene 6M KOH 3408 1A g-1 [33] 

LaCO3OH-Ni(OH)2@RGO 6M KOH 572.47 50mVs-1 [34] 

G/GO/Ni(OH)2 6M KOH 1510 2 A g-1 [35] 
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4. CONCLUSIONS   

In this paper the sandwich structure graphene /Ni(OH)2 are obtained through convenient one-

pot hydrothermal method without any additive treatment. It shows excellent capacitive performance in 

strong basic solution. The top specific capacitance is 2256 F g-1 at 12.5 A g-1 in 6M KOH solution. It is 

worth noting that 93% capacitance is retained after 7000 cycles. The extraordinary electrochemical 

performance is attributed to the sandwich structure of graphene /Ni(OH)2, which maximally integrates 

the merits of both components. This confirms that sandwich structure graphene/Ni(OH)2 is a promising 

capacitive materials in the case of energy application. 
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