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Abstract  

Water splitting is one of the most promising technology to solve the current energy and environmental issues. The high 
overpotential and sluggish kinetics of the oxygen evolution reaction (OER) seriously hinders the energy conversion efficiency 
of the full water splitting. Therefore, it is of great significance to develop high-active and stable OER catalytic materials for 
improving the energy transfer efficiency and durability. In this work, we prepared the Ni(OH)2/stainless steel wire mesh 
(SSWM) self-supporting electrode by a simple one-step method. This in-situ growth method can accurate controllability for 
improving activity of the catalysts, efficaciously inhibit the self-aggregation of Ni(OH)2, and the obtained two-dimensional 
array of oriented nanosheets can quickly promote the acquisition of electrolytes and gas release. The integrated 
Ni(OH)2/SSWM electrodes possess prominent conductivity, abundant porous structure and high specific surface area. As OER 
catalysts, this obtained electrodes exhibit the relatively low overpotential of 223 mV and low Tafel slope of 25.2 mV dec-1 at 
10 mA cm-2. Moreover, the integrated Ni(OH)2/SSWM electrodes possess stable long-term performance (60 hours). Therefore, 
this research provides a novel strategy for large-scale production of highly active integrated OER electrodes. 
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1. Introduction 

Water splitting could large-scale product highly purified 

hydrogen which is one of the most important means to relieve 

energy crisis and environmental pollution problem.[1] 

Hydrogen evolution reaction (HER) and oxygen evolution 

reaction (OER) as the two pivotal reactions, which decide the 

rate and efficiency of hydrogen production by water splitting. 

Compared with HER, OER involving four-electron reactions 

possess the lower reaction rate and higher reaction energy 

barrier. So, high-efficiency and stable OER catalysts can be 

the key factor to accelerate reaction rate and improve energy 

conversion efficiency.[2] Currently, precious metal catalysts 

(such as Ir, Ru and Pd) have been demonstrated that they can 

prove the reaction rates and low the overpotentials of OER. 

But the high price of these metals limits the large-scale 

applications of water splitting.[3] Therefore, the catalysts with 

abundant storage, high active and stable performance are 

urgent to be explored.  

 

 

 

 

 

 

Transitional metal-based materials have been considered 

as the promising candidates for the ideal OER catalysts.[4-5] 

Nickel-based material, as one member of traditional metal 

family, has been widely studied as OER catalysts for their high 

efficiency, stability and relatively low-price.[6-10] such as, Ni-

Fe hydroxide,[11] Ni-Co hydroxide,[12] Ni-Te and 

Ni(OH)2/nickel foam.[13,14] But for most of the current relative 

materials, there are three main issues needed to be solved. First, 

the most semi-conducting transitional metal-based materials 

are poor-conductivity and adverse to electron transport during 

the OER reaction. Second, transitional metal-based catalysts 

are easy to be self-aggregation, which tent to cover each other, 

resulting to reducing the active sites of the catalysts. Third, the 

polymer binders need to be added for pasting active materials 

on the conductive metal in the traditional OER test. The added 

binders can weaken the conductivity of the electrode and 

effect the activity and stability of the OER catalysts.[5] 

In this study, a simple and inexpensive synthesis method 

was used to prepare a self-supported integrated electrode (Fig. 

1). Ni(OH)2 nanosheets were in-situ grown on the surface of 

stainless-steel mesh substrate (SSWM) by one-step 

hydrothermal method. The SSWM substrate contributed 

several advantages. First, SSWM could effectively inhibit the 

self-aggregation of Ni(OH)2, guaranteeing the adequate  
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Fig. 1 Schematic illustration: the preparation method of Ni(OH)2/SSWM. 

 

exposed active sites of catalysts. Second, SSWS can 

considered as an adherent for crystal growth, and the uniform 

stencil surface orientation are in favor of oriented ultra-thin 

2D nanosheet arrays. Third, the conductive substrate could 

strength the conductivity of the whole electrodes, accelerating 

reaction rate and improving energy conversion efficiency. 

Moreover, this in-situ growth promotes rapid access to 

electrolytes and rapid release of gases, resulting in effective 

utilization of active sites. In OER catalytic applications, the 

overpotential of the Ni(OH)2/SSWS was 223 mV at 10 mA 

cm-2. These self-supported electrodes exhibited not only 

excellent electrocatalytic activity but also outstanding stability 

(60 hours). 

 

2 Experiment 

2.1 Material preparation 

Ni(NO3)2•6H2O, sodium citrate (SCT) were bought from 

Beijing Yinuokai Technology Co., Ltd. 

Hexamethylenetetramine (HMT) was purchased from 

Guangdong Guanghua Technology Co., Ltd. .The agents 

purchased above are directly used without post-processing. 

SSWM (1 × 2 cm2) was successively treated by acetone, 

ethanol and deionized water to remove the oxide layer. 

 

2.1.1 Synthesis of Ni(OH)2/SSWM 

In a typical Ni(OH)2/SSWM preparation process, one piece of 

SSWM was added to the solution containing 0.073g of 

Ni(NO3)2•6H2O (0.25 mmol), 0.035g of 

hexamethylenetetramine (0.25 mmol HMT), 0.074g of 

trisodium citric (0.25 mmol SCT) and H2O (40 mL).Then, the 

upper solution was transferred to a round bottom flask (100 

mL) and heated in oil bath at 90 ℃ for 12 hours. After cooling 

down to room temperature, the production was rinsed with 

deionized water/ethanol and dried at room temperature. At last, 

Ni(OH)2/SSWM could be successfully obtained.  

 

2.1.2 Synthesis of NiO/SSWM 

The obtained Ni(OH)2/SSWM composites were placed in the 

tube furnace and annealed at 350 °C with a rate of 5 °C min−1 

under air. After 3 h, the system naturally cooled down to room 

temperature, NiO/SSWM can be harvested. 

 

2.1.3 Synthesis of Ni(OH)2 Powder 

Ni(OH)2 powder were prepared by the same method of 

Ni(OH)2/SSWM without SSWM. 

 

2.1.4 Synthesis of Ni(OH)2-SSWM 

10 mg of Ni(OH)2 powder was weighed and added to 50 μL 

electrolyte solution and 1 ml ethanol. After 30 minutes of 

sonication, a uniformly dispersed solution was obtained. Take 

48 ml of the solution and evenly coat it on the SSWM. After 

natural drying, Ni(OH)2-SSWM electrode can be obtained. 

 

2.2 Characterizations 

The morphology and structure information of the materials 

prepared was characterized by scanning electron microscope 

(SEM, Verios G4), transmission electron microscope (TEM) 

and selected area electron diffraction (SAED) images ( JEOL 

JEM-2100). X-ray powder diffraction (XRD) was applied to 

measure crystal structures and composition information of the 

obtained sample (Rigaku Mini Flex 600). X-ray photoelectron 

spectroscopy (XPS) measurements were performed on the test 

equipment (Kratos). 

 

2.3 Electrochemical Measurements 

The electrochemical tests were operated on the CHI660E 

electrochemical workstation (Shanghai Chenhua) applying a 

three-electrode electrochemical cell. All experiments were 

performed at room temperature in 1 M KOH aqueous solution. 

For the OER performance testing, SSWM-based electrodes, 

Ag/AgCl and Pt electrodes were employed as working 

electrodes, reference electrodes, and counter electrode 

respectively. All the overpotential (η) relative to the reversible 

hydrogen electrode (RHE), can be recorded and calculated by 

the equation: E (RHE) = E (Ag / AgCl) + 0.197 + 0.059 pH. 

Linear sweep voltammetry (LSV) curves were performed at a 

scan rate of 5 mV s-1. The Cyclic Voltammograms (CVs) test 

is performed under a voltage window of -0.05 V - 0.05 V at 

the different scan rates. The electrochemical surface area 

(ESCA) was determined from the double-layer capacitance 

(Cdl) of the materials by a simple CV method. The 

electrochemical impedance spectroscopy (EIS) of the samples 

was measured at 1.507 V (vs RHE) over a frequency range of 

0.1-100000 Hz in 10 mV. 
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Fig. 2 SEM images of SSWM substrates (a and b) and Ni(OH)2/SSWM (c and d). 

 

3. Results and Discussion 

The morphology and surface structure of the samples can be 

analyzed by scanning electron microscope (SEM), 

transmission electron microscope (TEM). As shown in Fig. 2a 

and b, the surface of the steel mesh substrate was smooth and 

flat without other impurities. After the one-step reaction, it can 

be clearly observed (Figs. 2c and d) that the SSWM became 

rather rough and unsmooth. For the magnification SEM 

images (Fig. 3a), two-dimensional Ni(OH)2 nanosheets tightly 

grew on the surface of the three-dimensional steel mesh 

substrate. From partially further enlarging image of the 

Ni(OH)2/SSWM (Fig. 3b), Ni(OH)2 nanosheets closely fitted 

the steel mesh substrate, and those ultra-thin Ni(OH)2 with 

were evenly and vertically arranged on the substrate, which 

further formed interpenetrating network architecture 

benefiting to facilitate electron conduction. The SSWM 

substrates can effectively relieve the aggregation of Ni(OH)2 

nanosheets. In addition, this urchin-thin nanosheet structure  

 
Fig. 3 SEM images of Ni(OH)2/SSWM (a and b); TEM images of Ni(OH)2/SSWM (c and d) and SAED (e).
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Fig. 4 XRD pattern (a); XPS spectra of Ni(OH)2/SSWM: full scan spectrum (b), Ni 2p spectra (c) and O 1s spectra (d). 
 

can increase the electrochemical area and provide more 

exposed active sites. Also, the rough surface may reduce the 

interaction between solids and gases, releasing the air bubbles 

adhered to the electrode surface. From the TEM images (Figs. 

3 c and d), it can be observed that the thickness of the Ni(OH)2 

nanosheet is about 6 nanometers, which further demonstrated 

the ultra-flaky structure formed on the substrate surface. The 

typical selected area electron diffraction (Fig. 3e) showed the 

obtained nanosheets possess several diffraction rings 

corresponding to the (003), (006), (010) crystal plane of 

Ni(OH)2 respectively. 

X-ray diffraction (XRD) was used to characterize the 

crystalline structure of the samples. Fig. 4a shows the XRD 

pattern of the Ni(OH)2, in which peaks at distinct diffraction 

peaks at 11.3°, 22.7°, 33.4°, and 59.9° corresponding to (003), 

(006), (010), (110) crystal planes. The tested results can be 

assigned to the Ni(OH)2 (JCPDS No: 38-0715).[16] To better 

understand the chemical state of the catalysts, XPS was 

applied to deeply analyze the relative information of the 

obtained materials. As displayed in Fig. 4b, C, O, and Ni peaks 

can be clearly observed in the full scan spectrum, which 

indicates that the sample contains those three elements. In the 

XPS spectrum of Ni 2p (Fig. 4c), the peaks at 856.3 eV and 

879.6 eV can be belong to the Ni 2p3/2 and Ni 2p1/2 orbits, 

and the self-selected energy interval between the two peaks is 

17.7 eV. In addition, there are satellite pea 

ks of Ni at 879.6 eV and 862.0 eV, which are matched with 

the characteristics of Ni(OH)2 in the literature, which further 

proves that the product on the steel mesh substrate is 

Ni(OH)2.[12] In the characterization of the XPS spectrum of O 

1s (Fig. 4d), peaks can be obviously observed at 530.9 eV, 

which is mainly resulted from oxygen in Ni(OH)2. In addition, 

certain peak intensities were also observed at 531.7 eV and 

532.6 eV. The former may be caused by the hydrogen bond 

interaction between hydroxyl groups in Ni(OH)2,[11] and the 

latter may be resulted from NO3
- ions intercalated between 

Ni(OH)2 lattice layers.[15,17] 

The evaluation of OER performance was performed in a 1 

M KOH solution in a three-electrode system. Self-supporting 

integrated Ni(OH)2/SSWM was measured as the working 

electrode, while Ag/AgCl electrode and Pt sheet (1×2 cm2) 

were applied as reference electrode and counter electrode, 

respectively. In order to make corresponding comparisons, the 

corresponding properties of Ni(OH)2-SSWM, NiO/SSWM, 

and substrate SSWM were characterized at the same 

conditions. Fig. 5a shows the polarization curves of different 

prepared catalysts at 5 mV s-1 and their corresponding 

overpotential values at 10 mA cm-2 displayed in Fig. 5b. The 

Ni(OH)2/SSWM exhibited only 223 mV to achieve the current 

density of 10 mA cm-2, which is the lowest overpotential 

among the NiO/SSWM (309 mV), Ni(OH)2-SSWM (414 mV), 

and SSWM (329 mV). And electrocatalytic kinetics of the 

obtained electrodes were further verified by the Tafel slope. 

As calculated in Figs. 5c and d, the Tafel slopes were 54.5 mV 

dec-1, 41.6 mV dec-1, 35.6 mV dec-1, corresponding to 

NiO/SSWM, Ni(OH)2-SSWM and SSWM, respectively. 

However, the Tafel slope of Ni(OH)2/SSWM was only 25.2 

mV dec-1, showing excellent catalytic activity. The main 

reason for this phenomenon is firstly attributed to a stencil 

substrate with a three-dimensional network structure and good 

conductivity. The conductive substrate provides an excellent 

path for the transfer and transmission of charge. Secondly, the  
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Fig. 5 OER performance of the obtained for catalysts. Polarization curve (a) of the electrode at a scanning speed of 5 mV s-1, and the 

corresponding value of overpotentials (b); Tafel slope (c) and histogram (d). Plot capacitor current density versus different scan rates 

(e) and EIS curves (f). 

 

ultra-thin nanosheet structure of Ni(OH)2 can provide a larger 

active surface area, which can provide a very short diffusion 

path for ions benefiting to ion transmission. To verify the 

second reason, the electrochemically active surface areas 

(ECSA) were obtained by a cyclic voltammetry curve (Fig. 6). 

By plotting the relationship between the scanning rate and the 

current, and this value is proportional to the ECSA, which can 

reflect the size of the electrochemically active surface area to 

a certain extent.[26] The Cdl value (Fig. 5e) of Ni(OH)2/SSWM 

was 0.249 mF cm-2, which was significantly higher than 

NiO/SSWM (0.137 mF cm-2), Ni(OH)2-SSWM (0.207 mF 

cm2) and SSWM (0.231 mF cm-2), further validating the 

superiority of the combination of Ni(OH)2 and stencil 

substrate.  

EIS curves is an important and common characterization 

method to analyze the dynamic process of the electrochemical 

reaction.[20,30] The smaller diameter of the semicircle of the 

low-frequency curve, the faster charge transfer in the electrode, 

that is, the lower the charge transfer resistance (Rct).[21,31] 

Intermediate are easier to form, which increases the kinetic  
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Fig. 6 CV curves of different samples: Ni(OH)2/SSWM (a), NiO/SSWM (b), Ni(OH)2-SSWM (c), and SSWM (d). 

 

reaction rate to a certain extent, so the catalytic activity is also 

higher.[22] The EIS curves of obtained samples were shown in 

Fig. 5f. It can be clearly observed from the spectrum that the 

curve radius had a large difference. In the low frequency 

region, the radius of the other samples is obviously higher than 

that of Ni(OH)2/SSWM, so it can be judged that the catalytic 

activity of Ni(OH)2/SSWM is higher. The catalytic stability of 

the self-supported Ni(OH)2/SSWM electrode was tested in 1.0 

M KOH solution using chronopotentiometry (Fig. 7a). After 

more than 60 hours of testing, the overpotential of 

 
Fig. 7 The Chronopotentiometry lines of Ni(OH)2/SSWM for OER at 10 mA cm-2 (a) and different current densities. 
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Ni(OH)2/SSWM had only a slight change of 18.8 mV, 

illustrating the excellent stability of this electrode. Besides, the 

Ni(OH)2/SSWM electrodes had further been measured at 

different current densities (j = 10, 20, 30, 40 and 50 mA cm-2) 

and the results were shown in Fig. 7b, showing excellent 

stability. In addition, the morphology of the cycled 

Ni(OH)2/SSWM was re-tested by SEM. Stable structure is 

beneficial to good cycle stability. Obviously, the morphology 

of the material was almost no change (Fig. 8), which is also 

the crucial factor for the excellent OER performance. 

 
Fig. 8 SEM images of Ni(OH)2/SSWM after testing. 

 

4. Conclusion 

In summary, we prepared Ni(OH)2/SSWM self-supporting 

electrodes by a facile one-step method. The SSWM could 

effectively inhibit the self-aggregation of Ni(OH)2, 

guaranteeing the adequate exposed active sites of catalysts. 

This substrate also can be considered as an adherent for crystal 

growth, and the uniform stencil surface orientation are in favor 

of oriented ultra-thin 2D nanosheet arrays. Meanwhile, the 

conductive substrate could strength the conductivity of the 

whole electrodes, accelerating reaction rate and improving 

energy conversion efficiency. More importantly, this in-situ 

growth strategy promoted rapid access to electrolytes and 

rapid release of gases, resulting in effective utilization of 

active sites. As the OER catalysts, Ni(OH)2/SSWM delivered 

a remarkable performance. 

 

Acknowledgements 

The financial support from the Fundamental Research Funds 

for the Central Universities (No. 31020180QD128) is 

gratefully acknowledged. Shaanxi Association of Science and 

Technology (5111190012), Shaanxi Provincial Key R&D 

Program (2020KW-023), China Postdoctoral Science 

Foundation (2020M673474) and China Postdoctoral Science 

Foundation (2019TQ0262). 

 

Supporting Information 

Not Applicable. 

Conflict of Interest 

There is no conflict of interest. 

 

References  

[1] J. Chow, R. J. Kopp, P. R. Portney, Science, 2003, 302, 1528-

1531, doi: 10.1126/science.1091939.  

[2] S. He, H. F. Du, K. Wang, Q. Liu, J. Sun, Y. Liu, Z. Du, L. 

Xie, W. Ai and W. Huang, Chem. Comm., 2020, 56, 5548-555, 1, 

doi: 10.1039/D0CC01726D. 

[3] J. S. Luo, J. H. Im, M. T. Mayer, M. Schreier, M. K. 

Nazeeruddin, N. G. Park, S. D.Tilley, H. J. Fan, M. Grätzel, 

Science, 2014, 345, 1593, doi: 10.1126/science.1258307. 

[4] J. Suntivich, K. J. May, H. A. Gasteiger, J. B. Goodenough, Y. 

Shao-Horn, Science, 2011, 334, 1383-1385, doi: 

10.1126/science.1212858. 

[5] G. Lu, G. Zangari, J. Electrochem. Soc., 2003, 150, C777-

C786, doi: 10.1149/1.1614799. 

[6] K. Juodkazis, J. Juodkazytė, R. Vilkauskaitė, V. Jasulaitienė, 

J. Solid State Electrochem., 2008, 12, 1469-1479, doi: 

10.1007/s10008-007-0484-0. 

[7] L. Yu, J. F. Yang, B. Y. Guan, Y. Lu, X. W. D. Lou, Angew. 

Chem. Int. Ed., 2018, 57, 172-176, doi: 10.1002/anie.201710877. 

[8] J. Nai, H. Yin, T. You, L. Zheng, J. Zhang, P. Wang, Z. Jin ,Y. 

Tian, J. Liu, Z. Tang, L. Guo, Adv. Energy Mater., 2015, 5, doi: 

10.1002/aenm.201401880. 

[9] Y. Ni, H. Zhang, J. Xi, X. Wang, Y. Zhang, Y. Xiao, X. Mab, 

J. Hong, Cryst. Eng. Comm, 2014, 16, doi: 10.1039/c4ce00999a. 

[10] J. Lee, G.-H. Lim, B. Lim, Chem. Phys. Lett., 2016, 644, 51-

55, doi: 10.1016/j.cplett.2015.11.043. 

[11] J. Z. Xiaowen Yu, Li-Rong Zheng, Yue Tong, ACS Energy 

Lett., 2018, 3, 237-244, doi: 10.1021/acsenergylett.7b01103. 

[12] Y. Rao, Y. Wang, H. Ning, P. Li, M. Wu, ACS Appl. Mater. 

Interfaces, 2016, 8, 33601-33607, doi: 10.1021/acsami.6b11023. 

[13] M. Gao, L. He, Z. Y. Guo, Y. R. Yuan, W. W. Li, ACS Appl. 

Mater. Interfaces, 2020, 12, 443-450, doi: 

10.1021/acsami.9b14216. 

[14] A. Balram, H. Zhang, S. Santhanagopalan, Mater. Chem. 

Front., 2017, 1, 2376-2382, doi: 10.1039/c7qm00299h. 

[15] M. W. Louie, A. T. Bell, J. Am. Chem. Soc., 2013, 135, 

12329-12337, doi: 10.1021/ja405351s. 

[16] W. S. Jun Yan, Tong Wei, Qiang Zhang, J. Mater. Chem., 

2012, 22, 11494, doi: 10.1039/c2jm30221g. 

[17] H. Yin, D. Wang, H. Zhu, W. Xiao, F. Gan, Electrochim. 

Acta., 2013, 99, 198-203, doi: 10.1016/j.electacta.2013.03.137. 

[18] H. Jiang, T. Zhao, C. Li, J. Ma, J. Mater. Chem., 2011, 21, 

doi: 10.1039/c0jm03830j. 

[19] D. Li, M. H. Nielsen, J. R. I. Lee, C. Frandsen, J. F. Banfield, 

J. J. D. Yoreo, Science, 2012, 336, 1014, doi: 

10.1126/science.1219643. 

[20] J. Zhang, F. Huang, Z. Lin, Nanoscale, 2010, 2, 18-34, doi: 

10.1039/b9nr00047j. 

[21] D. A. Welch, T. J. Woehl, C. Park, R. Faller, J. E. Evans, N. 

D. Browning, ACS Nano, 2016, 10, 181-187, doi: 

10.1021/acsnano.5b06632.  

https://doi.org/10.1126/science.1091939
https://doi.org/10.1039/D0CC01726D
https://doi.org/10.1126/science.1258307
https://doi.org/10.1126/science.1212858
https://doi.org/10.1149/1.1614799
https://doi.org/10.1007/s10008-007-0484-0
https://doi.org/10.1002/anie.201710877
https://doi.org/10.1002/aenm.201401880
https://doi.org/10.1039/c4ce00999a
https://doi.org/10.1016/j.cplett.2015.11.043
https://doi.org/10.1021/acsenergylett.7b01103
https://doi.org/10.1021/acsami.6b11023
https://doi.org/10.1021/acsami.9b14216
https://doi.org/10.1039/c7qm00299h
https://doi.org/10.1021/ja405351s
https://doi.org/10.1039/c2jm30221g
https://doi.org/10.1016/j.electacta.2013.03.137
https://doi.org/10.1039/c0jm03830j
https://doi.org/10.1126/science.1219643
https://doi.org/10.1039/b9nr00047j
https://doi.org/10.1021/acsnano.5b06632


Research article                                                                                                                                    ES Materials & Manufacturing 

86 | ES Mater. Manuf., 2021, 14, 79-86                                                                                                                                       © Engineered Science Publisher LLC 2021 

[22] B. Chi, H. Lin, J. Li, N. Wang, J. Yang, Int. J. Hydrog. 

Energy, 2006, 31, 1210-1214, doi: 

10.1016/j.ijhydene.2005.09.002.  

[23] M. G. Walter, E. L. Warren, J. R. McKone, S. W. Boettcher, 

Q. Mi, E. A. Santori, N. S. Lewis, Chem. Rev., 2010, 110, 6446–

647, doi: 10.1021/cr1002326.  

[24] H. Bandal, K. K. Reddy, A. Chaugule, H. Kim, J. Power 

Sources, 2018, 395, 106-127, doi: 

10.1016/j.jpowsour.2018.05.047.  

[25] X. Li, X. Shang, Y. Rao, B. Dong, G. Q, Han, W. H. Hu, Y. 

R. Liu, K. L. Yan, J. Q. Chi, Y. M. Chai, C. G. Liu, Appl. Surf. 

Sci., 2017, 396, 1034-1043, doi: 10.1016/j.apsusc.2016.11.084.  

[26] Y. Gao, H. Li, G. Yang, Cryst. Growth Des., 2015, 15, 4475-

4483, doi: 10.1021/acs.cgd.5b00752.  

[27] Y. Y. Chen, Y. Zhang, X. Zhang, T. Tang, H. Luo, S. Niu, Z. 

H. Dai, L. J. Wan, J. S. Hu, Adv. Mater., 2017, 29, doi: 

10.1002/adma.201703311.  

[28] X. J. Zhang, W. Shi, J. Zhu, W. Zhao, J. Ma, S. Mhaisalkar, 

T. L. Maria,Y. Yang, H. Zhang, H. H. Hng, Q. Yan. Nano Res., 

2010, 3, 643-652, doi: 10.1007/s12274-010-0024-6.  

[29] M. Gao, W. Sheng, Z. Zhuang, Q. Fang, S. Gu, J. Jiang, Y. 

Yan, J. Am. Chem. Soc., 2014, 136, 7077−7084, doi: 

10.1021/ja502128j.  

[30] X. Zhang, J. S. Luo, K. Wan, D. Plessers, B. Sels, J. Song, L. 

Chen, T. Zhang, P. Tang, J. Ramon Morante, J. Arbiol and J. 

Fransaer, J. Mater. Chem. A., 2019, 7, 1616-1628 doi: 

10.1039/C8TA08508K.  

[31] Z. Sun, Y. K. Wang, L. B. Zhang, H. Wu, Y. Jin, Y. Li, Y. Shi, 

T. Zhu, H. Mao, J. Liu, C. Xiao, S. Ding, Adv. Funct. Mater., 2020, 

30, 1910482, doi: 10.1002/adfm.201910482. 

 

Author information 

 

Jin Liang is currently an associate 
professor of MOE Key Laboratory of 

Materials Physics and Chemistry in 

Extraordinary Conditions, Shaanxi Key 
Laboratory of Macromolecular Science 

and Technology, and School of Chemistry 
and Chemical Engineering, Northwestern 

Polytechnical University. She received 

her BS degree from Yan’an University and then completed her 
Ph.D. from Xi’an Jiaotong University, Xi'an, China in 2018. 

At the same year, she joined Northwestern Polytechnical 
University. Her current research mainly focuses on 

electrochemical energy storage and conversion. 

Haiqi Shen received her BE degree from 
Northwestern Polytechnical University. 

Her research interests focus on the 

application of energy catalysis. 
 

 
 

 

 
 

Jie Kong received his B.E., M.E. and Ph.D. 
from Northwestern Polytechnical 

University (NPU) of China. He is currently 

a full professor and dean of Queen Mary 
University of London Engineering School 

in NPU. Prior to joining NPU, he worked 

at The Hong Kong Polytechnic University 

as a postdoctoral fellow and at the 

University of Bayreuth in Germany as a Humboldt Fellow. His 
research interests include hyperbranched polymers and their 

application in ceramic precursors and dielectronic materials. 
 

Publisher’s Note Engineered Science Publisher remains 

neutral with regard to jurisdictional claims in published maps 

and institutional affiliations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1016/j.ijhydene.2005.09.002
https://doi.org/10.1021/cr1002326
https://doi.org/10.1016/j.jpowsour.2018.05.047
https://doi.org/10.1016/j.apsusc.2016.11.084
https://doi.org/10.1021/acs.cgd.5b00752
https://doi.org/10.1002/adma.201703311
https://doi.org/10.1007/s12274-010-0024-6
https://doi.org/10.1021/ja502128j
https://doi.org/10.1039/C8TA08508K
https://doi.org/10.1002/adfm.201910482

