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Abstract
The effect of electrochemical reduction of carbon dioxide  (CO2) by changing the structure and morphology of  FeTiO3 
nanoparticle prepared through sol–gel and hydrothermal methods is explained in this study.  FeTiO3 nanoparticles were 
used as a cathode where as a stainless steel plate and  CO2

− saturated  NaHCO3 were used as an anode and an electro-
lyte, respectively. The cyclic voltammetry and linear sweep voltammetry analysis were carried out comprehensively on 
 FeTiO3-SG-and  FeTiO3-HT-coated electrodes to decouple the electrochemical reduction processes of  CO2 in aqueous solu-
tion. The charge transfer resistance and the product gases were studied using electrochemical impedance spectroscopy 
and gas chromatography, respectively. The observed results were analyzed in light of structure/morphology, particle size, 
and surface area of  FeTiO3 nanoparticles and their influence on the effective cathodic behavior in  CO2 to CO reduction.
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1 Introduction

The knowledge on the environmental impact of the green-
house gas emission is mandatory to for health and envi-
ronment. Even though, many processes are responsible 
for emission of the greenhouse gases, the  CO2 reduction 
and conversion by natural process need intensive stud-
ies [1–4]. The increased release of  CO2 to the environment 
as a result of emission of gases from natural/automotive/
industries leads to its drastic increase in the atmosphere 
[5, 6]. This may lead to many adverse effects on the atmos-
pheric and climatic conditions, resulting in global warm-
ing. To overcome these issues, it is essential to retain the 
desired  CO2 level in the atmosphere. An important way to 
address this issue is to capture, store, and reduce/convert 
the  CO2 from the atmosphere. Of several methods used for 
the reduction of  CO2, one method is the electrochemical 
method [4–9].

Electrocatalytic approaches of  CO2 conversion have 
gained attention because of their advantages: namely 

control of electrode potentials and reaction temperature, 
recycling of opinionated electrolytes to minimize its con-
sumption as simple water or waste water, self-generation 
of electricity to drive the process without generating any 
new  CO2 sources, and a compact, modular, on-demand, 
and easy to scale up electronic system for  CO2 reduction 
[10]. Recently, electrochemical reductions of  CO2 on mer-
cury and amalgam cathodes are used to produce formic 
acid [11–16]. Among the various metal oxides used for the 
cathodic reduction, the materials such as  FeTiO3 are used 
for simultaneous reduction of  CO2 and  NO2 [17]. Attempts 
are made to address the earth’s greenhouse effect prob-
lem with  TiO2 as material for  CO2 electrochemical reduc-
tion in aqueous and non-aqueous media [18, 19].

To achieve it,  RuO2 and Pt co-supported on colloidal 
 TiO2 particles as redox catalyst in the presence of Ru(bpy)3

2+ 
sensitizer are used in water photolysis to enhance the effi-
ciency of water cleavages by visible light [20, 21].

Many Fe-based materials highly influence of the elec-
trochemical performance, because the direct excitation 
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of the Fe–O in these with containing materials induces 
the electron transfer from  O2− to  Fe3+ to form  Fe2+, which 
is responsible for the catalytic  CO2 reduction [22]. At dif-
ferent electrochemical system and condition Fe-based 
materials play very well like, Fe-containing MoF and  TiO3 
showed photocatalytic for  CO2 reduction under visible 
light irradiation [22–24]. A flower like  FeTiO3 pronounced 
and stable pesudocapacitance has been found [25]. A care-
ful review of literature indicates that conversion of  CO2 
into liquid fuel is one of the most important contemporary 
energy storage and environmental challenges.

In this article, light of electrochemical reduction of car-
bon dioxide  (CO2) by changing the structure/morphol-
ogy, particle size, and surface area of  FeTiO3 nanoparticles 
using sol–gel and hydrothermal methods. The prepared 
 FeTiO3-SG and  FeTiO3-HT nanoparticles were comprehen-
sively characterized through different techniques such as 
X-ray diffraction (XRD), Brunauer–Emmett–Teller (BET), 
particle size distribution (PSD), Fourier transform infrared 
spectroscopy (FTIR), scanning electron microscope (SEM), 
transmission electron microscopy (TEM), electrochemical 
impedance spectroscopy (EIS), and gas chromatography 
(GC). The effective reduction of  CO2 into CO was carried 
out using nano-FeTiO3 electrodes as a cathode material. 
The efficiency of electrocatalytic reduction of nano-FeTiO3 
electrodes obtained through both methods was explored 
based on the cyclic voltammetry (CV), impedance, and lin-
ear sweep voltammetry (LSV) test results.

2  Materials and methods

2.1  Materials

All the chemicals used in this investigation were AR grade 
procured from Merck, India, and were used without any 
further purification. The double-distilled (DD) water puri-
fied through Milli-Q (6110F; Ultrapure Water System, 
Germany; pH6.99) was used in this study to prepare all 
solutions.

2.2  Preparation of  FeTiO3 nanoparticles

The  FeTiO3 nanoparticles were prepared using two 
methods, namely sol–gel and hydrothermal methods, as 
detailed below:

Sol–gel Iron nitrate and ethanol were used as starting 
materials. First, 6.64 g iron nitrate was dissolved in 5 mL 
DD water. Then, 7 mL titanium butoxide was placed in a 
three-necked round flask and mixed with 10 mL ethanol 
to form a homogeneous solution. The iron nitrate solution 
was added drop-wise to the final solution. This reaction 
mixture was strongly stirred for 3 h. After the hydrolysis 

step, the fresh gel was dried at 100 °C for 24 h. Finally, the 
resulting dried powder was calcined at 700 °C for 10 h. The 
obtained powders, i.e., nano-FeTiO3 (hereafter termed as 
 FeTiO3-SG) was used for further studies and coating on a 
stainless steel (SS) plate.

Hydrothermal method The first precursor solution was 
prepared by dissolving 1 M iron nitrate (2.41 g) in 10 ml 
DD water. The second precursor solution, that is, 0.5 M tita-
nium isopropoxide was dissolved in 50 mL ethanol results 
in titanium tetraisopropoxide solution; 5 mL this solution 
was taken and then added to 10 mL iron nitride solution 
(the first precursor). The pH of the solution was adjusted 
above 10 by adding 3 M NaOH. The above solution was 
following the milled hydrothermal treatment. The solution 
was placed into

50  mL hydrothermal and heat-treated at 130  °C in 
the presence of magnetic string (800 rpm) for 3 h. The 
obtained precipitates were centrifuged several times. 
The obtained precipitates were dried in a vacuum oven at 
100 °C for 12 h to remove the adsorbed water. Then, the 
dried precipitates were ground and the nano-FeTiO3 pow-
der (hereafter termed as  FeTiO3-HT) was used for further 
studies and coating on the SS plate.

2.3  Preparation of  FeTiO3 electrodes

The nano-FeTiO3 electrode was prepared using doc-
tor blade technique [26]. The SS plate from the SS304 
grade and then cleaned using acetone. The synthesized 
 FeTiO3-SG powder and polyvinylidene fluoride were mixed 
at a ratio of 85:15. The mixture was added into a small 
quantity of N-methyl 2-pyroledine as a solvent to pre-
pare the paste. The prepared  FeTiO3-SG was coated over 
the SS plate using doctor blade technique. After coating, 
 FeTiO3-SG electrode was dried in a hot-air oven at 85 °C 
for 1 h and then used for further studies. Using a similar 
procedure,  FeTiO3-HT was coated on the SS plate to obtain 
the  FeTiO3-HT electrode.

2.4  Electrocatalytic reduction of carbon dioxide

The electrocatalysis was carried out using a Terylene 
diaphragm cell with a capacity of 100  mL.A 4 × 4  cm 
SS304 grade plate was used as an anode where as 
 FeTiO3-SG-coated SS304 plate was used as a cathode. 
The anode and cathode were separated at a distance of 
2 cm. A Teflon film was introduced in between the elec-
trodes as a separator. The necessary electric potential was 
applied between the anode and cathode. The current/volt-
age flowing through the circuit was monitored through 
a dc monitor. The electrolyte used for this study was 1 M 
 NaHCO3. Before starting the experiment, the electrolyte 
was deoxygenated with nitrogen gas for 30 min. Then,  CO2 
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gas was passed into the setup for 30 min. The constant 
electrical potential (4 V) was applied across anode and 
cathode for 10 min. As a result of electrolysis, the reduc-
tion of the applied  CO2 gas took place and hence led to CO 
and its bi-products, as given below:

The current flowing through the circuit during the 
nano-FeTiO3 electrocatalysis was measured as 10.5–11.5 
 mAcm−2. Using a similar procedure, with the same 
experimental setup, the electrocatalytic reduction with 
 FeTiO3-HT-coated electrode was carried out.

2.5  Characterization

The phase and crystalline nature of the synthesized sam-
ples were analyzed by an X-ray diffractometer (X’Pert PRO; 
PANalytical, the Netherlands) using Cu-Kα (λ = 1.5406 Å) 
as the radiation source. The samples were analyzed over 
the 2θ range, that is, 10°–80°at room temperature (298 K). 
The surface and subsurface morphology of nano-FeTiO3 
was viewed through an SEM (JSM-6390LV; JEOL, Japan) at 
20 kV with a magnification of ×10,000 at 1 μm scale. The 
TEM images were obtained using a Gatan Quantum ER 965 
Imaging filter installed on the instrument (TEM; JEOL). The 
observed images revealed information about the surface 
of the sample. The functional groups present on the pre-
pared nano-FeTiO3 were analyzed using FTIR (Spectrum 
100; Spectrum 100; Perkin Elmer, USA). The spectra were 
recorded in the range between 4000 and 400 cm−1.

After the  CO2 reduction, the obtained gas products 
were analyzed using GC (GC-QP2010 Ultra column, Rt-Q-
BOND + Guard column; Shimadzu, Japan).At atmospheric 
pressure, after  N2 was purged, the  CO2 was continuously 
purged through a cell at 5 ml min−1 for 30 min to satu-
rate the electrolyte. A constant potential was applied for 
10 min for the electrocatalytic reduction, as discussed 
previously. The effluent sample was analyzed via the GC 
column [30  mL × 0.32 mmL.D, 10  μm + Guard column 
(3 mL × 0.32 mmL.D)].

The specific surface area of the obtained nano-FeTiO3 
was calculated using the BET method with a BET surface 
area analyzer (Autosorb AS-1MP; Quantachrome, USA). The 
samples were degassed under vacuum at 295 °C for 3 h 
to remove the physisorbed moisture. The physisorption 
analysis was carried out with  N2 adsorption–desorption 
measurements ata liquid nitrogen temperature (− 196 °C). 

(1)CO2(g) → CO2(ad)

(2)CO2(ad) + e− → ⋅CO−

2

(3)⋅CO−

2
+ 2H+ + e− → CO(precursor) + H2O

(4)CO(precursor) → CO(g)

Very low temperature was used to avoid any thermally 
induced changes on the surface of the particles. The PSD 
of  FeTiO3 nanoparticles was determined by a particle size 
analyzer (Nanophox; Sympatec, Germany) based on the 
dynamic light scattering technique.

2.6  Electrochemical measurements

The electrocatalysis study was carried out using the ter-
ylene diaphragm cell setup with a capacity of 100 mL. 
Then, 1 M  NaHCO3 was added to the setup followed by 
passing  N2 gas for 30 min. Following deoxidation, the 
three-cell setup was constructed inside the terylene dia-
phragm. Nano-FeTiO3-coated SS304 plate, platinum mesh, 
and saturated calomel were used as a working electrode, 
counter electrode, and reference electrode, respectively.

The electrodes were placed in a triangular manner by 
keeping 1 cm distance between them. After 5 min, CV 
and LSV tests were carried out for both  FeTiO3-SG-and 
 FeTiO3-HT-coated electrodes by passing an electrical 
potential in the range from − 1 to 1 V at 10 mV s−1. The 
same electrode configuration and electrolyte preparation 
were used for electrochemical measurements. After the 
construction of cell setup,  CO2 gas was passed through 
the system for 30 min. After purging the  CO2 gas, the CV 
and LSV results were obtained for both  FeTiO3-SG and 
 FeTiO3-HT-coated electrodes in the potential range from 
− 1 to 1 V at 10 mV s−1.

The EIS study was carried out to explore the charge 
transfer process between working electrodes and solu-
tion interfaces. An electric potential between 1.2 and 0.1 V 
was applied at amplitude of 100 mV over the frequency 
range from 0.01 Hz to 1 MHz to carry out EIS studies for 
 FeTiO3-SG and  FeTiO3-HT-coated electrodes. The potential 
was applied after the stabilization of open current voltage. 
All electrochemical studies were carried out using Auto-
lab (PGSTAT302 N; Metrohm Autolab, the Netherlands) at 
room temperature.

3  Results and discussion

3.1  X‑ray diffraction

The XRD patterns for  FeTiO3-SG and  FeTiO3-HT nanopar-
ticles are shown in Fig. 1. In the XRD pattern of  FeTiO3-SG, 
the set of reflections observed at 2θ = 23.97°, 32.16°, 39°, 
49.32°, 53.76°, and 64.2° corresponding to the planes (012), 
(104), (006), (024), (116), and (300) confirm the  FeTiO3 
rhombohedral structure (JCPDS file no.75-1211). Similarly, 
the XRD pattern for  FeTiO3-HT in Fig. 1b shows a set of 
reflections from ilmenite  FeTiO3 at the diffraction angle 
peaks at 2θ = 23.97°, 32.04°, 35.66°, 39°, 40.32°, 49.32°, 
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53.76°, 57 09°, 62.36°, 64.20°, 72°, and 74.5°corresponding 
to the planes (012), (109), (110), (006), (113), (024), (116), 
(018), (124), (300), (1010), and (220) once again reveal the 
rhombohedral structure of  FeTiO3 (JCPDS file no. 01-075-
1211). Further, the XRD patterns clearly demonstrate that 
 FeTiO3-HT is more crystalline than  FeTiO3-SG.

Figure 2 represents for XRD patterns of  FeTiO3-SG and 
 FeTiO3-HT nanoparticles coated electrodes obtained 
after the electrochemical process. In both XRD patterns, 
all the characteristic peaks for  FeTiO3 nanoparticleswere 
observed and also some unidentified peaks were raised 
due to the chemical process occurs between  FeTiO3 nano-
particles coated electrodes and  NaHCO3 electrolyte dur-
ing the electrochemical studies. After the electrochemical 

process, there is very small change in peak angle and 
intensity. Peaks were shifted towards lower angle and 
intensities were decreased for some peaks. During the 
electrochemical process,  Na+ ions were passivation on 
surface of the electrode so that only aforesaid changes 
i.e., peak angle and intensity were identified.

3.2  SEM and TEM

The SEM and TEM images of  FeTiO3-SGand  FeTiO3-HT are 
shown in Figs. 3 and 5, respectively. The surface morphol-
ogy of  FeTiO3-SG nanoparticles (Fig. 3) reveals nonuniform 
shape of particles with size 200 nm. 

However, smooth surfaces nanoflower-like morphology 
with a different scan rate was noticed in  FeTiO3-HT nano-
particles (Fig. 4). The observed TEM image for  FeTiO3-HT 
nanoparticles (Fig. 5b) reveals a typical nanoplate of nano-
flowers with limited aggregation than that for  FeTiO3-SG 
nanoparticles (Fig. 5a).

3.3  The PSD and BET

The measured surface area and particle size of  FeTiO3-SG 
and  FeTiO3-HT nanoparticles are shown in Figs. 6 and 7, 
respectively. The average particle size measured through 
PSD technique for both  FeTiO3-SGand  FeTiO3-HT nanopar-
ticles is 50 and 34 nm, respectively. The BET surface area for 
 FeTiO3-HT nanoparticles is large (197.1  m2g−1) compared 
to that for  FeTiO3-SG nanoparticles (178.5  m2g−1) (Table 1).

The observed approximately 10% increase in the BET 
surface area of  FeTiO3-HT nanoparticles is due to decrease 
in particle size (i.e., more than 45%) of nanoparticle pre-
pared through hydrothermal method. The observed 

Fig. 1  X-ray diffraction pattern of nano  FeTiO3 particles

Fig. 2  After electrochemical reaction X-ray diffraction pattern of 
nano  FeTiO3 particles

Fig. 3  Scanning electron microscope images of nano  FeTiO3-SG 
particles
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results from the BET and PSD measurements show lower 
particle size with high surface area for  FeTiO3 nanoflower 
structure obtained through hydrothermal method. In addi-
tion, the above study also supports the observation made 
through SEM and TEM studies.

3.4  FTIR spectra

The FTIR spectra for the  FeTiO3-SG-and  FeTiO3-HT-coated 
electrodes before and after electroreduction are shown 
in Fig. 8. The absence of any peak on nano-FeTiO3-coated 

electrode before electroreduction (Fig.  8a) indicates 
absence of carboxylic peaks (–COOH). After reduction, 
the  FeTiO3-SG-coated electrode shows two character-
istic infrared absorption peaks at 1640 and 1384 cm−1 
(Fig. 8b). The observed stretching peak at 1640 cm−1 can 
be attributed to the presence of carboxyl groups [27].
These functional groups have a key role in deposition 
on the surface of the  FeTiO3-SG-coated electrode after 
reduction. The peaks at 1384 cm−1 originate from the 
O–H bending vibration of –COOH [28].

Fig. 4  Scanning electron 
microscope images of nano 
 FeTiO3-HT particles at four dif-
ferent scan rate

Fig. 5  Transmission electron 
microscope images nano 
 FeTiO3 particles
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Similarly, after reduction, the  FeTiO3-HT-coated 
electrode shows two characteristic infrared absorption 
peaks at 1628 and 1327 cm−1 (Fig. 8d).The observed 
stretching peak at 1628 cm−1 is due to the presence of 
carboxyl groups [27], which is mainly responsible for 
the deposition on the surface of the  FeTiO3-HT-coated 

electrode after reduction. The peak at 1327  cm−1 is 
due to HCO bending [29]. However, before reduction 
(Fig. 8c), the  FeTiO3-HT-coated electrode does not show 
any clear peaks as observed in the  FeTiO3-SG-coated 
electrode (Fig. 8a). Commonly, the bands observed in 
the low wave number region (400–650 cm−1) can be 
assigned to Ti–O bond vibrations in the  FeTiO3-SG-and 
 FeTiO3-HT coated electrodes before and after reduc-
tions. Thus, the absorption bands of Ti–O octahedral 
appearing at 600 and 550 cm−1 correspond to the for-
mation of  FeTiO3 [29].

3.5  Gas chromatography

The GC is generally used for separating different compo-
nents from mixtures and to determine the relative amount 
of such components [30–32]. The catalytic activity of 
nano-FeTiO3 toward  CO2 reduction is clearly visible from 
the obtained GC results. Figure 9 shows the product of CO 
formed after nano-FeTiO3 assisted  CO2 reduction [33, 34]. 
While comparing the CO peaks, it is clear that the amount 
of CO generated is almost identical for both  FeTiO3-SG and 
 FeTiO3-HT.

3.6  Electrochemical impedance spectroscopy

A plot is drawn between the real part (Z′) and the imagi-
nary part (Zʺ) of impedance, which is known as Nyquist 
plot. Impedance characteristics are measured between 
the ranges from 1 Hz to 1 MHz in 1 M  NaHCO3 electrolyte 
solution. Figure 10 shows the Nyquist plot representa-
tion for  FeTiO3-SG-and  FeTiO3-HT-coated electrodes. The 
obtained Nyquist plot was interpreted into an equivalent 

Fig. 6  Branauer-Emmett-Teller surface area of nano  FeTiO3 particles

Fig. 7  The particle size distribution of nano  FeTiO3 particles

Table 1  Particle size and Branauer-Emmett-Teller surface area anal-
ysis for nano  FeTiO3 particles

Sample name Particle size (nm) BET surface 
area 
 (m2 g−1)

Nano  FeTiO3-SG 50 178.5
Nano  FeTiO3-HT 34 197.1

Fig. 8  Fourier transform infrared spectra of nano  FeTiO3 coated 
electrodes
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circuit model (Fig. 11) representing with solution resist-
ance  (Rs), charge transfer resistance  (Rct), Warburg imped-
ance (W) and constant phase element. This circuit model 

was applied to the ionic conductivity of the  FeTiO3-SG and 
 FeTiO3-HT was measured.

It can be observed that the synthesis method causes 
the difference in semicircle and small arc for both samples, 
meaning an effective electron–hole pairs. The Fig. 10 pre-
sented is used to illustrate the relative and the change of 
impedance depends on processing parameters, it is clearly 
observed that the  FeTiO3-SG coated electrode exhibit semi 
parabolic arc at higher potential and have high imped-
ance. When looking for  FeTiO3-HT coated electrode, shows 
the smallest semi parabolic arc at lower potential, it rep-
resenting the smallest charge transfer resistance and the 
highest conductivity efficiency of the same electrode. The 
lower charge transfer resistance leads to lower total inter-
nal resistance, which is better for higher ionic conductiv-
ity [35]. From the obtained results, comparison between 
both electrodes, the low angle Warburg impedance rela-
tive to the control indicating that the  FeTiO3-HT coated 
electrodes have efficient movement of electrons and 
low resistance. This suggests that the  FeTiO3-HT coated 
electrode have higher ionic conductivity compared with 
 FeTiO3-SG electrode.

Since the electrical and ionic conductivity varied with 
the surface morphologies, surface area and average par-
ticle size distributions. The porous nature of the material 
is depends upon the materials morphology. Because pore 
present in sample is very important parameter towards 
electrode electrolyte interaction and charge transfer pro-
cess, the ionic conductivity of materials increases with the 
decrease of average particle size distributions [36].

The  FeTiO3-HT sample have high surface area 
(197.1 m2 g−1), low average particle size (39 nm), and also 
with nanoflower-like structure lead to higher ionic conduc-
tivity and low resistance compared with  FeTiO3-SG which 
was prepared by sol–gel method, obtained with higher 
particle size (50 nm) and low surface area (178.5 m2 g−1) 
with nonuniformly (agglomerated). A similar observation 
by electrochemical impedance spectra studies on gold 
nanoparticles for  CO2 reduction is reported elsewhere 
[33, 34].

3.7  Cyclic voltammetry

The choice of a suitable electrolyte for studying  CO2 reduc-
tion in the  FeTiO3-SG-and  FeTiO3-HT-coated electrodes 
is quite a complex question because of the known ten-
dency of a number of ions to absorb irreversibly on the 
surface of  FeTiO3. The CV analysis carried out on the SS 
plate and  FeTiO3-SG-and  FeTiO3-HT-coated electrodes is 
shown in Fig. 12. The electrochemical behaviors of the 
prepared electrolytes were examined using mercury 
electrode as the reference electrode and Pt wire as the 
counter electrode. Figure 12a–f reveal the CV for the SS 

Fig. 9  Gas chromatogram of the gaseous products after  CO2 reduc-
tion

Fig. 10  Nyquist plots for nano FeTiO3 particles coated electrodes

Fig. 11  Equivalent circuit model
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plate,  FeTiO3-SG-coated electrode and  FeTiO3-HT-coated 
electrode with  N2-saturated 1  M  NaHCO3 and  N2; 
 CO2

− saturated 1 M  NaHCO3 at 10  mVs−1 scan rate at room 
temperature.

The CV for the SS plate,  FeTiO3-SG-coated electrode, 
and  FeTiO3-HT-coated electrode after passing  N2 gas into 
the electrolyte is shown in Fig. 12a, c, e. The absence of 
reduction peaks in the sweeping region from − 1 to 1 V 
is observed in both samples. Figure 12b, d, f reveal the 
CV for the SS plate,  FeTiO3-SG-coated electrode, and 
 FeTiO3-HT-coated electrode with  CO2-saturated 1  M 
 NaHCO3.

The observed clear reduction peaks in both sam-
ples between − 0.4 and − 0.2 V are perhaps due to the 

one-electron reduction of  CO2, which in turn generates 
an anion radical of  CO2, resulting in the reduction of  CO2 
to  CO2

− [37]. This anion radical, however, reacts rapidly 
with the intermediate of the desired product, already dis-
cussed in GC. Figure 12d, f show shifting of the reduction 
peaks toward the positive side, that is, from − 0.4 to − 0.2 V. 
Hence, a sharp increase in the cathode current and the 
cathodic behavior is described due to  FeTiO3 nanopar-
ticles than  FeTiO3-SG and SS plate. The above CV results 
indicate a more favorable effect on Fe-doped  TiO2 while 
increasing the cathodic reduction (from − 0.4 to − 0.2 V) 
for the electrochemical species  Ag−-,  Pt−-, and  Ru−-doped 
 TiO2, as reported earlier [38, 39]. The above study confirms 
that the  FeTiO3 nanoparticle-modified electrodes can be 
an ideal material for electrocatalytic activity reduction of 
 CO2. The flowerlike morphology is expected to provide a 
larger electrode–electrolyte contact area, good diffusion 
of electrolyte right through the electrode, and a suitable 
conduction pathway for electrons traveling in the active 
component of the electrode [25].

Figure 13a, b reports the voltammetric profiles obtained 
for the  FeTiO3 based electrodes at different loading [40, 
41]. An oxidation–reduction contribution is observed 
between − 1 V and 1 V, which depends on the catalytic 
loading. However, the main characteristic of the Voltam-
mogram is a reduction process, starting at around − 0.2 V.

3.8  Linear sweep voltammetry

The LSV tests for the electrochemical activity of  CO2 reduc-
tion for the  FeTiO3-SG-and  FeTiO3-HT-coated electrodes 
are shown in Fig. 14. The existence of the reduction of  CO2 
in both  FeTiO3-SG-and  FeTiO3-HT-coated electrodes can 
be seen from Fig. 13a, b, respectively. A high reduction 
peak is observed at − 0.4 and − 0.2 V for  FeTiO3-SG-and 
 FeTiO3-HT-coated electrodes, respectively. This is 

Fig. 12  Cyclic Voltammetry of SS plate, nano  FeTiO3-SG and  FeTiO3–
HT particles coated electrodes of only  N2 and both  N2 with  CO2 sat-
urated in 1 M  NaHCO3 at 10  mVs−1. (a) SS plate-only  N2, (b) SS plate-
N2 with  CO2, (c) nano  FeTiO3-CP-only  N2, (d) nano  FeTiO3-CP-N2 with 
 CO2, (e) nano  FeTiO3-MW-only  N2, (f ) nano  FeTiO3-MW-N2 with  CO2

Fig. 13  Nano  FeTiO3-based electrodes at different loadings
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again confirmed from the Tafel plots for  FeTiO3-SG-and 
 FeTiO3-HT-coated electrodes, as shown in Fig. 15. The Tafel 
plots confirm the reduction peak at − 0.3 and − 0.2 V for 
 FeTiO3-SG-and  FeTiO3-HT-coated electrodes, respectively.

Above results confirm that the  FeTiO3-HT nanopar-
ticle-coated electrode show a slightly positive shift in 
the reduction peak compared to the  FeTiO3-SG-coated 
electrode. The observed high cathodic behavior of the 
 FeTiO3-HT-coated electrodes is due to the high surface 
area and nanoflower structure as evidenced from the 
observation made through XRD, SEM/TEM, and other 
studies. Nanoflower shows high surface to volume ratio 

to increase surface adsorption for accelerating the kinet-
ics of reactions and it is future trend of multi application 
[25, 42–44].

4  Conclusion

The above studies confer that uniformly nanoflower-like 
structure and high surface area of  FeTiO3 nanoparticles 
prepared through hydrothermal method show a better 
cathodic behavior than nonuniformly structured low-
surface-area  FeTiO3 nanoparticles prepared through 
sol–gel method for  CO2 to CO reduction. The FTIR spec-
tra show the existence of absorbed functional carbonyl 
group in both  FeTiO3-SG and  FeTiO3-HT. After the elec-
trochemical reduction, more sharp peaks were obtained 
on the  FeTiO3-HT-coated electrode surface than the 
 FeTiO3-SG-coated electrode. GC study confirms the reduc-
tion of  FeTiO3 to form CO form  CO2 and other hydrocar-
bons with low current density. The EIS studies confirm a 
low charge transfer resistance in case of  FeTiO3-HT-coated 
electrode. The studies indicate an enhancement in the 
cathodic reduction (− 0.4 to − 0.2 V) on the Fe-doped  TiO2 
than the  Ag−-,  Ro−-, and  Pt−-doped  TiO2. The LSV studies 
further support the observation made on CV by show-
ing the reduction peak at lower potential, that is, − 0.3 V 
in case of the nano-FeTiO3-coated electrode where as it 
occurs slightly at higher potential, that is, − 0.2 V for the 
nano-FeTiO3-coated electrode.
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