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Abstract: BNNTs are the promising materials for advanced storage applications because of their 

excellent mechanical properties, such as high strength and thermal stability. Highly advanced 

computational techniques were adopted in this work to simulate BNNT-based storage tanks against 

all environmental factors and other forms of external loads for one year. The present study focuses 

on mechanical performance and stability of BNNTs-based storage tanks through Finite Element 

Analysis (FEA) over one-year period, considering the evaluation of total deformation, strain energy, 

equivalent stress, and equivalent elastic strain. By such analysis concerning the deformation patterns, 

a detailed insight along with material performance about its deformation under long-period working 

conditions is obtained. A slight structural compromise throughout the deformation profile verifies 

BNNT's durability over quite extensive time spans. The strain energy calculations suggest that 

optimization of storage tanks' energy absorbing capabilities takes place with no strong indicators of 

fatigue or deterioration in materials. Equivalent stress and elastic strain values are systematically 

analysed, showing that BNNTs have the stable mechanical behaviour with values remaining within 

the acceptable limits even after one year of operational stress. This study validates not only the 

potential of BNNTs for their long-term applications in high-performance storage systems, but also 

offers an important understanding of the mechanical behaviour under realistic operational 

conditions that could set the way for future usage in advanced engineering applications. 

Keywords: Boron nitride nanotubes; finite element analysis; storage systems; deformation; strain 

energy; equivalent stress; equivalent elastic strain 

 

1. Introduction 

Boron nitride nanotubes are analogous to structural compositions of carbon nanotube portrays 

with excellent mechanical properties and thermochemical stability. Despite the diameter, chirality, 

or number of tube walls (single or multi-walled), BNNTs in their pure state are semiconductors 

(Maestre et al., 2021; Tiano et al., 2014; Wang et al., 2020). When synthesized, the multi-walled F-

doped BNNTs are the p-type semiconductors. The band gap difference and increased 

thermochemical stability are the two main characteristics that set BNNTs apart from CNTs making 

them more suitable for thermo-insulation applications (Chang et al., 2006; Lee et al., 2020; Merlo et 

al., 2018; Suryavanshi et al., 2004; Weng et al., 2016). Based on these excellent properties, boron nitride 

nanotubes showcase multidisciplinary applications such as polymer dielectric composites, polymer 

composite reinforcements (ceramics and lightweight armours), biomedical applications, sensor 

applications, and high-pressure energy gas storage tanks as demonstrated in Figure 1 (Genchi & 

Ciofani, 2015; Kim et al., 2018). 

Based on the current computational, practical and theoretical studies, there has not been much 

advancements in exploring multidisciplinary applications where BNNTs can be substituted. The 

major challenges due to which BNNTs are not commercialised is because of less yield through 
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conventional synthesis methods and high costs of production. Through process optimization of 

synthesis methods including laser ablation method, arc discharge method, ball milling, substitution 

method, and chemical vapor deposition, the yield of synthesis methods can be increased by using the 

modified synthesis methods as shown in Figure 2 (Kalay et al., 2015; Li et al., 2009; Ma et al., 2001; 

Meng et al., 2014). For such process optimization to be used in experimentations and 

commercialisation, some computational parameters are to be tested, which involve simulink, ansys, 

visual basics application and aspen. 

 

Figure 1. Novel applications to utilize highly stable boron nitride nanotubes (Genchi & Ciofani, 2015; Kim et al., 

2018). 
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Figure 2. Various synthesis methods of preparing BNNTs (Kalay et al., 2015; Li et al., 2009; Ma et al., 2001; Meng 

et al., 2014). 

Tubular nanostructures of BNNTs are identical to those of CNTs, while the nitrogen and boron 

atoms are usually arranged in a hexagonal network. The intrinsic features of BNNTs include excellent 

mechanical strength with electrically insulating behaviour, strong oxidation resistance, neutron 

shielding capabilities, and piezoelectric qualities. According to cost comparison, BNNTs are 11,000 

percent more expensive than the CNTs. The high cost of BNNT synthesis is currently one of the main 

reasons for the dearth of BNNT research. However, BNNTs use easier-to-use synthetic methods to 

replace CNTs. According to the entire market size production of BNNTs, the annual compound 

annual growth rate (CAGR) from 2023 to 2027 will be 6.35% or about 345.00 million USD more than 

the market size in 2022 (Ko et al., 2023; Lu et al., 2023; Mittal & Kushwaha, 2024b; Zhuang et al., 2014). 

For high-end applications and cost-cutting needs, BNNTs' high price range and reduced market value 

make them an ideal example of recycling and a circular economy model. 

Based on literature cost and computational analysis, in order to assess the total deformation, 

equivalent stress, strain energy and equivalent elastic strain of BNNT storage tank applications, finite 

element analysis is required. A complex subject in materials science and engineering to predict the 

BN behaviour, simulate the physical phenomena, and determine the quantification of mechanical 

properties is known as Finite Element Analysis (FEA) of BNNTs in storage tanks (Lamb et al., 2019; 

Mittal, Kushwaha, et al., 2024; Soorya Prabha et al., 2021). Because of their remarkable mechanical 

strength, chemical resistance, and thermal stability, BNNTs are a material that shows promise for use 

in strengthening composite storage tanks. 

2. Materials and Methodology 

The major objectives of the finite element analysis for incorporation of BNNT into storage tanks 

involves mechanical structurization under static and dynamic loads, resistance to thermal and 

chemical environments and fatigue resistance under the operational stresses. The major input values 

involve high tensile strength (30-60 GPa), high thermal conductivity (2000 W/mK) and chemical 

stability of boron nitride nanotubes (Ciofani et al., 2013; Hayat et al., 2022). Based on these input 

values and intermediate equations, several output values are generated involving elastic modulus, 

Poisson’s ratio, thermal expansion coefficient and yield strength. The input values required for the 

conduction of finite element analysis for BNNT incorporated storage tanks is shown in Figure 3 

(Mittal & Kushwaha, 2024a; Mpourmpakis & Froudakis, 2007; Sun et al., 2018; Vatanpour et al., 2021). 
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Figure 3. Input values requirement for FEA in BNNT storage tanks (Mpourmpakis & Froudakis, 2007; Sun et al., 

2018; Vatanpour et al., 2021). 

The schematics include using Ansys Workbench software to calculate 100L (industrial scale) 

high pressure energy gas storage tanks based on boron nitride nanotubes for one year. The storage 

tanks' total deformation, strain energy, stress, elastic strain, strain energy, and volume expansion are 

all carefully examined for Finite Element Analysis (FEA) after one year of computation. The following 

correlations are utilized, as indicated in Eqs. (1-4), for the essential computations of storage tank 

variability and materials employed in tanks (Davis, 2012; Mittal, Kushwaha, et al., 2024; Nørskov et 

al., 2009; Talebi, 2006). 

(i) Total deformation: 

(X2 + Y2 +

Z2) 2……………………………………………………………………………………..(1) 

where X, Y and Z are the directional deformation 

(ii) Equivalent stress: 
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σv =

√
(σ1−σ2)2+(σ2−σ3)2+(σ3−σ1)2 

2
…………………………………………………………..(2) 

The primary stresses or stress components represented by three stress tensors can be used to 

compute von Mises stress. For a given stress condition, each of the following formulae yields the 

same von Mises stress, σv. 

(iii) Equivalent elastic strain 

εeqv =

(
1

1+v
) √(εxx−εyy)

2
+(εyy−εzz)

2
+(εzz−εxx)2 +6(εxy

2 +εyz
2 +εzx

2 )

2
………………………………(3) 

The equivalent strain can be computed using strain tensor. Although it does not capture all the 

information about the strain state, equivalent strain is a scalar and can be used to convey strain 

findings over a body. The Poisson's ratio is v. 

(iv) Strain energy 

U = σ2 / 2ϵ × 

V…………………………………………………………………………..……(4) 

when stress (σ) is proportional to strain (ϵ). 

3. Results and Discussions 

Through the completion of computational experimentations, which ran for 12 months 

showcased results in minimum, maximum and average (in %) values for various parameters 

including strain energy, equivalent stress, equivalent elastic strain and total deformation as shown in 

Figure 4. This increase in energy rather than increasing the strain in the storage tank could be 

converted into kinetic energy through several centrifugal applications to make BNNT storage tanks 

not only energy carriers but also energy producers. Similar to the strain energy, the FEA analysis also 

demonstrates equivalent stress, and equivalent elastic strain making it easier to identify increase in 

the pressure points on storage tanks, which cause the leaks, resulting in accidents. Through FEA, 

mechanical strength and thermochemical stability is calculated through identifying the output 

values, which ran over one year. These results clearly state that by having BNNT material absorbing 

the total stress and strain caused from high-pressure energy gases. Upon computing, it was examined 

that by calculating the average from the minimum and maximum range computed, the total 

deformation, equivalent stress and strain energy is 10-9 m, 3986 Pa and 0.000025J, respectively after 1 

year. After comparison with the mechanical distortions of carbon nanotubes, BNNT material 

showcases less deformation and equivalent stress, making it a better substitute than CNTs (Byrne & 

Gun’ko, 2010; Mittal, Yadav, et al., 2024; Pan et al., 2022; Praveenkumar et al., 2024; Shanbedi et al., 

2015). 
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Figure 4. Finite element analysis of a) deformation curves; b) equivalent stress curves and c) strain energy curves 

for 100L boron nitride nanotube-based storage tanks. 

Similar to deformation, equivalent stress and strain energy quantification of BNNTs, the 

equivalent elastic strain of BNNT can be calculated as shown in Figure 5. The average and maximum 

values of equivalent elastic strain is quantified as 1.98 x 10-7 m/m and 4.8 x 10-7 m/m respectively after 

12 months of finite element analysis. Upon comparison with carbon nanotubes, the overall equivalent 

elastic strain shown in storage tanks is much less than boron nitride nanotube based 100 L storage 
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tank (Gómez-Gualdrón et al., 2011; Obradović et al., 2015). On the basis of the finite element analysis, 

the color-coding schemes for the various characterizations done in the storage tank assessment 

portraying the deformation, stress, strain energy and elastic strain values is also demonstrated in 

Figure 6 where blue colour schemes signify minimum values and red colour schemes signify 

maximum values. 

 

Figure 5. Finite element analysis of equivalent elastic strain (m/m) curves for 100L boron nitride nanotube-based 

storage tanks. 
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Figure 6. Color-coding schemes for FEA of boron nitride nanotubes-based storage tanks. 

4. Conclusions 

Even though conventional synthesis methods of boron nitride nanotubes showcase lesser yield 

and high cost of manufacturing, it is examined that through substitution method, not only the yield 

and cost could be optimised, but also these nanotubes could be used as a viable multidisciplinary 
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application material. Realising the current gaps in research of BNNT based applications, there is the 

dire need of conducting various computational parameters before reaching high technical readiness 

level through laboratory experimentations and industrial testing. Upon analysing FEA of BNNT 

based storage tanks, there was 14%, 12.67% and 21% decrease in total deformation, equivalent stress 

and strain energy values as compared to CNT based storage systems for 100 L setup. This analysis 

helped to assess the overall high thermo-insulation and thermo-mechanical strengths of BNNTs. 

Based on this study, one can draw bright scenario for employing BNNT in advanced design of storage 

tank through materials that portray superior mechanical features along with stability at very long 

duration. This work may provide immense knowledge towards determining the high-performance 

applications involving BNNTs as material, giving scope to deeper research across the global 

industries by its environment suitability concerning great strength resistance and very limited 

deformation properties at longer run of usage. 
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