
mESC-IS 2021,   5th  Int. Symposium on Materials for Energy Storage and Conversion                              Akyaka, Mugla  
   

Ti3C2 MXene Supercapacitor with Thin Film h-BN Separator  
 

Alptekin Aydinli1,2,3,4, Xuehang Wang1, Husnu Emrah Unalan2,3, and Yury Gogotsi1 
1A. J. Drexel Nanomaterials Institute, Dept. of Materials Science and Engineering, Drexel University, Philadelphia, PA, 19104, USA  

2Dept. of Metallurgical and Materials Engineering, Middle East Technical University, Ankara 06800, Turkey  
3Energy Storage Materials and Devices Research Center (ENDAM), METU, Ankara 06800, Turkey 

4Dept. of Materials Science and Engineering, Adana Alparslan Turkes Science and Technology University, Adana 01250, Turkey 

 
Portable electronic devices necessitate electrochemical 

energy storage (EES) units that can provide high energy and 

power densities. Current strategies mostly focus on 

improving the performance of the electrode active materials. 

Decreasing the weight/volume fraction occupied by the inert 

components such as electrolyte, separator and current 

collector should dramatically improve the performance of 

EES devices, since 70-80 wt.% of the EES devices is 

occupied by these components. Polypropylene membrane and 

glassy fiber films with typical thicknesses larger than 25 μm 

are the conventional separator choices. Insulating 2D 

materials, with their flat and smooth surface, at a much 

smaller thickness would in fact be sufficient to act as an 

efficient separator [1].  

Following the discovery of the first two-dimensional (2D) 

titanium carbide (Ti3C2Tx) in 2011, a new family of 2D 

transition metal carbides and nitrides named MXenes 

emerged. Since then, MXene family has grown quickly and 

continuously within the field of 2D materials. MXene has a 

general formula of Mn+1XnTx, where M is an early transition 

metal, X stands for carbon or nitrogen, and n = 1–3. T 

represents the surface termination groups, such as -O, -OH 

and -F, on the MXene surface. Electrochemical properties of 

MXenes have been widely investigated in the literature [2]. 

2D hexagonal boron nitride (h-BN) nanosheets, also known 

as ‘white graphene’ or ‘non-carbon graphene’, compose of a 

few layers of alternating boron and nitrogen atoms in a 

hexagonal order. They are shown to have very promising 

mechanical, thermal and electronic properties and utilized in 

many applications [3].   

In this study, the use of thin film h-BN as an efficient 

separator layer in symmetric supercapacitors was 

demonstrated. In these devices, Ti3C2 was used as both the 

positive and negative electrodes. Spray coating technique was 

used to deposit both h-BN and Ti3C2 layer on PET substrate. 

Electrochemical properties such as specific capacity, rate 

capability and cycling stability of the fabricated 

supercapacitors were examined through cyclic voltammetry, 

chronopotentiometry and electrochemical impedance 

spectroscopy.  

Fabricated supercapacitors showed improved electrochemical 

performance in 1 M Li2SO4 electrolyte compared to the 

control device with conventional Celgard separator. As seen 

in Figure 1 the reduced thickness of the separator decreased 

the volume of the full device, significantly increasing the 

energy and power densities. In addition, the device with h-

BN separator showed higher performance with respect to the 

device with Celgard separator in specific capacitance, 

Coulombic efficiency, series resistance and capacitance 

retention.  

Thanks to its significantly reduced separator thickness and 

increased energy/power densities, the Ti3C2 MXene 

symmetric supercapacitor device with thin film h-BN 

separator layer demonstrated very promising results to 

become a competitive alternative in energy storage systems, 

especially for flexible devices in which reduced thickness has 

significant importance.  
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Figure 1. Power density vs. energy density of the  

fabricated devices. 
 


