
 

Progress of Cryogenics and Isotopes Separation 
 

2019, 22(2): 31-42  

 
   

                           

31 

 
TITANIUM DIOXIDE – BASED FIBER ANODES AND THEIR 

POTENTIAL USE IN CR2032 COIN CELL LITHIUM 

BATTERIES 
 

Radu-Florian Ene
1,2*

, Cristina Dumitriu
2
, Radu Dorin Andrei

1
, Catalin Jianu

1
, 

Alin Chitu
1
, Adnana Alina Spinu-Zaulet

1
, Elena Carcadea

1
, Mihaela Ramona 

Buga
1
, Cristian Pirvu

2
 

 
1
National Research and Development Institute for Cryogenics and Isotopic Technologies – ICSI Rm. 

Valcea, 4 Uzinei Street, P.O. Box Râureni 7, 240050, Rm. Valcea, Romania 
2
Politehnica University of Bucharest, Faculty of Applied Chemistry and Materials Science, 

Department of General Chemistry, Romania 

  

 

Abstract: Article info: 

In this paper we described an effective approach to optimize 

titanium dioxide nanowires on titanium substrate-based 

anodes. TiO2 nanowires were successfully fabricated by 

electrospinning technique, to be used as anode material for 

Lithium ion batteries. The Scanning Electron Microscopy 

(SEM) analysis revealed a multi-layered random network 

structure with irregular surface. The X-Ray Diffraction 

(XRD) patterns of TiO2 nanowires calcined exhibited 

diffraction peaks corresponding to TiO2 in both form of 

anatase and rutile phase. The obtained TiO2 based 

electrodes were electrochemically evaluated using a 3 

electrode cell configuration in aqueous solution (LiClO4, 0.1 

M). The resulted electrodes corresponding to the solution 

feed-rate of 0.6 mL/h (injection speed 0.0025 mm/min), 

deposited at 20 kV, and 20 cm has demonstrated to be 

promising candidates as anode material for Lithium ion 

batteries. Moreover, it is believed that the optimization of 

electrospinning parameters for producing TiO2 nanowires 

can increase the cycling performance and rate capability.  
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1. INTRODUCTION  
 

Lithium-ion batteries are currently presented as the safest and the most preferable 

rechargeable power source for electronic portable devices, and electric vehicles (EV), 

hybrid electric vehicles, plug-in electric vehicles (PHEV), due to their increased energy 

density, long battery life, high capacity, and lack of memory effect and decreasing costs. 

Batteries are classified in two main categories: primary cells and secondary cells. Primary 

cells are not rechargeable, and it is designed to function as a single use battery. Secondary 

cells are created to be able to function for multiple charged and discharged cycles due to 

their chemical constituents- (Buchman, 2019). 

Since the early 90’s, LIB technology is constantly evolving, research and 

development efforts are ongoing in order to improve safety, increase performance and to 

extend the lifetime of these electrochemical systems. LIBs are mainly defined based on 

their cathode materials: LiCoO2 (LCO), LiNi0.8Co0.15Al0,05O2 (NCA), LiNi1-x-yMnyCoyO2 

(NMC;NCM), LiMn2O4 (LMO), LiNiO2, LiFePO4 –(LFP) (Dahn and Ehrlich, 2011), by 

means of 90% of the total material estimated worth, and approximately 25% of the total 

weight of the battery cell. 

Also, anodic materials, are influencing the LIB’s electrochemical performance, their 

characteristics being very important for Li-ion batteries behavior. Designing these 

electrodes, is rather difficult and poses a significant challenge to the manufacturing process 

because they must be able to meet the proper requirements: high energy density, 

abundancy, eco-friendliness, long cycle lifespan, non-toxicity, high capability among 

others- (King et al., 2018).  

 Conventional graphite based-anodes pose few disadvantages such as severe 

deterioration and exfoliation of its internal structure during multiple charging-discharging 

cycles due to solid-electrolyte interphase formation (SEI). 

 In contrast with commercial graphite anodes, TiO2 nanostructures exhibit elevated 

operating potential (0.8 V vs. Li/Li
+
), acceptable capacity (330 mAh/g) and good safety. A 

Li-ion cell is an electrochemical device capable to transform chemical energy into 

electrical energy, and vice-versa, via oxidation/reduction reactions that take place between 

anodic and cathodic materials based on a potential recorded in contact with an electrolyte. 
 

 
 

Figure 1. Insertion/de-insertion lithium ion mechanism in a rechargeable Li-ion battery  

(Liu and Yang, 2016). 

 

The electrochemical principle can be further explained as follows: during the 

oxidation-reduction process, the conversion of the chemical compounds in different ionic 

or chemical species and their intercalation into the host structure can be described by a complex 
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donor-acceptor electronic/ionic transfer. (Figure 1). This electronic/ionic movement that occurs 

inside the cell, generates a current flow, in the external circuit of the battery, powering a device. 

Generally, all battery assemblies have similar configuration. Each cell contains two 

electrodes – a cathode and an anode. Between the anode and the cathode, a polymeric 

membrane –separator – which acts as an electrical isolator that physically separates both 

electrodes, and also promotes the lithium-ions movement from the anode to the cathode on 

discharge and vice-versa on charge. The separator is absorbed in a liquid organic 

electrolyte, more commonly a carbonate based solvent containing a lithium salt- lithium 

hexafluorophosphate (LiPF6). 

 
Figure 2. Schematic representation of a commercial Li-ion CR2032 coin cell - section view 

(https://eu.industrial.panasonic.com). 

 

Based on the battery type, the electrolyte can contain a liquid, a gel or a solid 

material. Apart from these components, the battery cells are comprised of other essential 

components such as insulated separators, safety valves etc. Current collectors play 

theimportant part in enhancing the electrochemical properties of Li-ion batteries. 

Typically, the materials used for current collectors must be stable at a certain 

electrochemical potential. Copper foils coated with a thin layer of Ni are very stable and 

can be connected to the negative electrode (Copper foil and active material) by ultrasonic 

welding. Aluminum is used as positive electrode for the cathode.  

The completion of the cell integration and its assembly, is designed to create 

different configurations in an effort to achieve many specific characteristics and optimal 

performance for the necessary application. Choosing the proper components, determines 

the type of battery, the redox reaction, the cell potential, the capacity retention and 

capability (Yu et al., 2013). 

The so called charging –discharging cycles, are taking place during the entire battery 

life. Anode materials in LIB’s should be able to fulfill the necessary requirements to 

achieve a good reversible gravimetric and volumetric capacity for the designated 

application, to exhibit inherently low oxidation potential, an excellent overcharge tolerance 

and in the same time to be eco-friendly it became more and more important. Anodic 

materials based on titanium dioxides (Li4Ti5O12, TiO2) are promising candidates that can 

replace graphite based anodes which suffers from possible safety issues. The use of TiO2 as 

electrode material in nanostructured form has been investigated for many years now. TiO2 

is a potential candidate as anode material in LIB’s mainly because it has low volume 

variation (< 4%) owing to its crystal structure. However its use as electrode material is still 

limited for practical applications with high energy demand. In terms of intercalation 

mechanism, the theoretical capacity (<350 m Ah/g) can be further improved through the 

https://eu.industrial.panasonic.com/
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exploration of new phases of the TiO2 family or facile approaches to synthesize the hybrid 

structure- (Zhang et al., 2016).  

In this paper we described an effective approach to optimize titanium dioxide 

nanowires on titanium substrate-based anodes with the combined use of two techniques, 

namely spin coating and electrospinning. 

 

2. EXPERIMENTAL PROCEDURE 

 

2.1. Electrode production 

 

 Titanium dioxide electrodes were prepared via electrospinning. This 

electrohydrodynamic technique, initially patented by Antonin Formhals in 1934, is a viable 

option utilized for the production of all battery components – besides electrodes (anodes, 

cathodes) – it is also used to develop electrolytes and separators. The electrospinning 

process is influenced by several parameters that can be classified in three main categories: 

solution parameters (viscosity, conductivity, molecular weight etc.), process parameters 

(the electrical field applied the gap between the needle and the collector etc.) and ambient 

parameters (humidity, room temperature etc.) The experiments were largely focused on 

electrospinning process parameters optimization. Titanium or titanium based alloys are 

ideal substrate materials and their surface can be easily modified for the desired purpose. 

There were numerous attempts to cut titanium sheets (Ti grade 2). Being a reactive, 

lightweight and strong metal, it changes its chemical properties when exposed to heat. 

Therefore, to handle the cut pieces (coins -13mm diameter and 0.5 mm thickness) a special 

fixing device was used to support the titanium sheets until the Computer Numerical 

Machine CNC milling process completed. Each sample was further polished by hand using 

800, 1200, 2200 grit waterproof abrasive paper.  

Nanowires are produced employing a top down manufacturing method. Nanowires 

growth upon Ti substrate was conducted in two steps. In the first step, in order to increase the 

adherence of produced nanowires to titanium substrate, a film of precursor solution was 

deposited by spin coating with a Laurel, WS-650MZ equipment. The sol-gel method was used 

in this particular case, similar to the one described by Dumitriu et al. (2014), which originates 

from basic chemical reactions (e.g: hydrolysis and condensation reactions). Throughout the 

course of the entire electrospinning technique applied, several chemical reactions happen (for 

instance: hydrolysis, condensation, and gelation), which can have a strong impact on the 

morphological and microstructural evolution of the fibers. Following the thermal treatment at 

elevated temperatures (> 400°C), this phenomenon can be particularly identified by the 

decomposition of organic components, practically at the same time as the inorganic precursors 

oxidize and crystallize to form nanowires based on metal oxides. This kind of unique fiber 

morphology promotes the facile insertion of gas phase into the layer and it can also fulfill the 

function to deliver the reactants to the surface of the metal-oxide nanowires inside the layer. 

Then, in the step two, TiO2 nanowires were produced from a polymeric solution obtained by 

hydrolysis of 4 wt.% Titanium (IV)-n butoxide, 8 wt.% Polyvinylpyrrolidone, in a solvent 

composed from: N,N dimethylformamide 99% (HCON(CH3)2), Isopropanol 99% (CH3CHOH) 

1:1 ratio and 2wt% glacial acetic acid CH3COOH. All compounds were agitated for 

approximately 60 minutes using an IKA magnetic stirrer or a vortex mixer. The nanowires 

fabrication process begun with the extraction of ῀2 mL of the precursor chemicals into a 

disposable syringe having the needle tip connected to the power source of the KATO Tech 

electrospinning system to apply 10 kV, 15 kV and 20 kV. Several preliminary tests were 

conducted before selecting the proper electrospinning process parameters (voltage, distance to 

collector and time). The fiber collection was focused on the grounded titanium coins (1.3 cm 
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diameter) that were placed at different distances on a fixed collector covered with aluminum 

foil. In order to collect the randomly oriented web of fibers onto titanium substrate, the samples 

were attached in front of the syringe (10, 15, 20 cm). The protocol of electrode preparation at 

different conditions is summed up in Table 1. Considering condition A for example: fibers 

electrospun from 8 wt% PVP solution feed-rate at 0.6 mL/h (injection speed 0.0025 mm/ min) 

were deposited on three titanium electrodes at 10 kV, 20 kV, 15 cm for 60 minutes. The 

electrospinning technique was performed in ambient conditions. 

 
Table 1. The summary of electrode preparation under various experimental  

conditions via electrospinning technique. 

Experimental 

Condition 

Electrodes 

(No.) 

Distance to 

collector 

(cm) 

Voltage (kV) 

Injection 

speed 

(mm/min) 

Time (min) 

Condition A 3 10 20 0.025 60 

Condition B 3 10 20 0.020 60 

Condition C 3 15 20 0.025 60 

Condition D 3 15 20 0.020 60 

Condition E 3 20 20 0.020 60 

Condition F 3 20 20 0.025 60 

Condition G 2 20 15 0.025 60 

Condition H 2 15 15 0.025 60 

 Condition I 2 10 15 0.025 60 

 

The next step involve the thermal treatment by pyrolysis- a most commonly used 

method in the treatment of organic materials that consists of: 

 (I) elevated temperature, starting from the room temperature increasing to 450℃; 

 (II) keeping the constant set point value at 450℃, approximately 4 hours (burning 

PVP –polyvinylpyrrolidone) and the compounds resulted from the thermal 

treatment. 

 (III) the samples were not removed from the oven and left to chill, until reaching 

the ambient temperature. 

Normally, TiO2 crystalline form can be found in anatase phase at approximately 

350-450℃, meanwhile rutile phase can be detected at approximately 500-600℃ depending 

on the material properties. Thermal treatment of the samples in a shorter interval cannot 

result in a full degree of crystallinity, because at a certain point, the TiO2 structure cannot 

be further modified. 

 

3. RESULTS AND DISCUSSION 

3.1. X-Ray Diffraction 

   

XRD spectra of TiO2 nanowires can be observed in the figure 3 and 4. All the 

corresponding peaks are included in the standard spectrum were both anatase and rutile 

could be found (JCPDS no: 88-1175 and 84-1286). 

X-Ray diffraction measurements were conducted at room temperature using a 

PANalytical X’PERT MPD X-ray Diffractometer, supplied with a CuKα X-Ray source (λ = 

1.5418 Å) 2θ angle, ranged between 10-80°. 
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Figure 3. XRD spectra of TiO2 nanowires performed on one sample. The sample was calcinated at a 

temperature that reached 450℃, in which the phase transformation from amorphous to both anatase 

and rutile phases occurred. 

 

 
Figure 4. XRD spectra of a second sample, immersed in LiClO4 (Lithium perchlorate) electrolyte. 

TiO2 nanowires crystallized in tetragonal structure (both rutile and anatase  

polymorph forms could be found). 

 

3.2. SEM Analysis 

 

Morphological characterization was performed on 9 different types of titanium 

dioxide based anodes that were produced by varying the electrospinning process 

parameters (A to I, see Table 1). These different specifications can further influence the 

fiber morphology of the samples.  

The SEM micrographs were collected after the thermal treatment. Firstly, each 

sample was placed under a constant air flow to remove the burned PVP and other 

exfoliated organic parts. The following images are showing particular structures of the 

hardened nanowires aligned on the Ti substrate by electrospinning (different rate feed, 

voltages, the gap between the needle tip and collector and keeping the same solution 

composition). Being deposited on a stationary collector, the nanowires appear as multi-
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layered random network structure and their surface is generally irregular. To a better 

understanding of how the electrochemical testing in aqueous solution could affect the 

electrodes performance, one sample from each of the 9 various experimental conditions 

was randomly selected and analyzed.  

It is widely known that nanowires with this type of fibrous morphology combined 

with high porosity, can enhance the anode conductivity and ease the lithium ions transfer 

inside the cell. Also, the capacity retention inside the crystalline structure of titanium 

dioxide is determined by the insertion/ de-insertion of ions/electrons it is mainly assigned 

to the anode’s surface area, fiber orientation morphology, and degree of crystallinity. The 

density of the nanowires lattice may vary from one case to another. Usually, the average 

diameter ranged between 10-100 nm was found to have a wide distribution. 

 

 
    a)                 b) 

Figure 5 a), b). SEM images showing the morphology of annealed nanowires, a), b) different 

magnifications (5000x, 10000x), post thermal treatment and pre-electrochemical tests 

, collected at: 20 kV, 15 cm, 0.6 mL/h (0.025 mm/min-injection speed), 1 h. 

 

   

a)      b) 

Figure 6 a), b). SEM images showing the morphology of annealed nanowires, at different 

magnifications (5000x, 10000x), post thermal treatment and post electrochemical testing, collected 

at: 20 kV, 15 cm, 0.6 mL/h (0.025 mm/min-injection speed), 1 h. 
 

In spite of the previous thermal treatment and even long after the electrode 

immersion in aqueous solution, the lattice structure and structural continuity remained 

intact, however, the fiber diameter distribution faded and the substrate is visible. 
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3.3. Electrochemical measurements 
 

  

The obtained TiO2 based electrodes were electrochemically evaluated employing a 

classic 3 electrode cell configuration in aqueous solution (LiClO4 0.1 M) controlled by a 

Metrohm Autolab Potentiostat-Galvanostat-PGSTAT302N. The conventional set-up 

employed an electrochemical cell containing a reference electrode – Ag/AgCl, a platinum 

based counter electrode and a working electrode containing Ti/TiO2 nanowires. Considering 

the selected electrospinning process parameters, electrochemical measurements were 

performed on 9 Ti/TiO2 nanowires electrodes (alphabetically ordered from A to H) and the 

blank titanium substrate (Ti).  

Figure 7 shows the cyclic voltammograms ranged between +0,2 V and -1,4 V, for all 

tested electrodes. The data were collected using the Nova software. The higher oxidation 

and reduction currents were observed for all 9 Ti/TiO2 nanowires electrodes comparing 

with uncoated titanium electrode. The electrodes corresponding to the experimental 

conditions E, F presents the most well-defined oxidation and reduction peaks and were 

considered to meet the proper features required for a 2 electrode coin cell configuration 

assembly. Thus only these two conditions mentioned above, were selected to be integrated 

in coin cells CR 2032. 

 

 
Figure 7. Cyclic voltammograms for Ti/TiO2 nanowires electrodes (alphabetically ordered from A 

to H, according with Table 1. and the blank titanium substrate (Ti).  
 

The cells were assembled, Figure 8, in an argon-filled glovebox - the anode Ti/TiO2 

disks were assembled in a two-electrode configuration against lithium metal foil as a 

counter electrode. The electrolyte used in all cases was LP30 - LiPF6 (Lithium 

hexafluorophosphate) in (1:1) ethylene carbonate (EC) and dimethyl carbonate (DMC) 

from Sigma-Aldrich. A ceramic separator - PET coated with Al2O3 (Customs Cells) was 

used in all cases. The coin cell were sealed using an electric crimper machine for coin cells 

MTI–MSK 160 D.  

 

  A 

B 

C 

D 

E 

F 
G I 

H Ti 
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a) b) 

Figure 8. (a) Schematic representation of coin cell hardware (Birkl et al., 2015);  

(b) Li/ TiO2  half-cell configuration – assembled in a specific sequence. 

 

The multy- channel potentiostat (Autolab) which used the Nova software was 

employed for the electrochemical tests of the cells in the voltage range of 1-3 V vs. Li
+
/Li° 

with a sweep rate of 1 mV/s, Figure 9. 
 

 
Figure 9. Cyclic voltammograms traces of a 2 electrode CR2032 coin cell (Li/TiO2 half-cell 

configuration) recorded in the range 1-3 V vs. Li
+
/ Li

°
 at subsequent sweep rate of 1mV/s. 

 

Firstly, the cell was completely discharged to facilitate the insertion of lithium ions 

inside the TiO2 crystal structure, which can lead to an overall reduction of Ti
4+/3+ 

ions. The 

lithium insertion potential could be noticed at ῀1.76V and the charging peak related to 

lithium de-insertion initiated at ῀2.2 V. This electrochemical behavior is in good agreement 

with the redox peaks illustrated above in figure 9 and the potentials are similar to those 

mentioned by El Deen et al. (El Deen et al., 2018). Electrochemical lithium insertion-

extraction can be described according to the following equations:  

 

TiO2+xLi
+
+ xe

-
 ↔ LixTiO2       (1) 

 

LixTiO2↔ TiO2+xLi
+
+ xe

-
                                                                         (2) 
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 The amount of inserted lithium ions (x in LixTiO2) strongly depends on the material 

properties like crystallite size and surface area as well as the cycling potential of the 

electrochemical measurement (Liu et al., 2018). 

 Normally, a decrease in crystallite size, results in a lower lithium ion insertion 

capacity. Although, several electrochemical tests were conducted on. Solatron system, the 

data collected using a Cell Test software to evaluate two Li-TiO2 CR2032 coin cells was 

limited. The electrochemical measurements were conducted at room temperature, in a 

potential window ranged between 1V-3V, at a C/30 charge-discharge rate, applying a 

constant current of 5 mA. Also, the internal resistance of Li/TiO2 half-cell was quantified 

at 13.7 k (see impedance measurements, Figure 10). 

 
Figure 10. Impedance measurement showing that the Li/TiO2 cell’s resistance is 13.7 k. 

 

 The cell was unable to record a complete cycle and in the same time could not reach 

its peak capacity. Based on the second diagram (Figure 10), the initial charging-

discharging cycle is produced in a relative shorter period. As a matter of fact, at least two 

peaks should be necessary to determine well defined charge-discharge curves. The 

obtained value is higher than the usual contact resistance which should be ranged between 

5-50 m. 

 

4. CONCLUSIONS 

 The developed anodes are more than capable of insertion and extraction of lithium 

ions within the TiO2 structure, it remains unclear what structural changes occur during the 

electrochemical testing. The nanowires presence was obvious through SEM analysis, even 

after the galvanostatic measurements were carried out. XRD patterns confirmed that no 

major modifications occurred inside the crystalline structure of the investigated electrodes. 

Based on the electrochemical and morphological characterization, we chose two types of 

electrodes (E and F) that were integrated and tested in half-cell configuration Li- TiO2. The 

electrochemical measurements were carried out in the potential ranged between 1-3 V vs. 

Li metal at 1mV/s scan rate. Furthermore, significant work is underway to improve the 

manufacturing protocol and also to determine the cycling performance of the developed 

anodes on a precision test equipment for lithium ion cells. Also, the optimization of 
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electrospinning parameters for producing TiO2 nanowires and novel techniques for 

producing other TiO2 nanostructures is still being investigated. 

 The preliminary results obtained are encouraging and can be improved and both 

TiO2 anatase and rutile could be a promising anode materials with enhanced 

electrochemical properties and optimal safety characteristics. 
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