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To take precautionary measures for the environment to diminish the toxic gases emitted from fossil fuels; 

an alternative fuel has to replace fossil fuel. Biofuel an alternative fuel can replace the counterpart. In this 

work, biofuel is synthesized by using a novel organic-inorganic perovskite-based nanocomposite as a catalyst. 

The synthesized catalyst has been characterized by X-ray powder diffraction (XRD) and transmission elec-

tron microscopy (TEM). The transesterification method is used for biofuel synthesis. Researchers across the 

globe have mostly synthesized biofuel especially biodiesel by transesterification method where temperature 

plays a major role in the catalytic reaction. Most of the researchers reported the synthesis of biofuel by using 

heterogeneous catalysts at higher temperatures which is greater than 60 °C but in this study, the synthesis 

of biofuel at ambient temperature is attempted under the influence of UV light. The synthesized biofuel is 

characterized by Gas Chromatography Mass Spectrometry (GCMS). GCMS signifies the different fatty acid 

methyl ester compositions present in the biofuel which assured the presence of all the necessary compounds 

in a biofuel. 
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1. INTRODUCTION 
 

Due to the industrial revolution, a drastic rise in an-

thropogenic gases in the environment leads to serious 

concern across the globe [1]. Conventional fossil fuels 

are the main sources of transportation that result in the 

emission of toxic gases like COx, SOx and NOx [2]. It re-

sulted in serious health issues. Renewable or non-con-

ventional fuel has to be introduced to stop the calami-

ties. Biofuel is a good alternative to fossil fuels. Biodiesel 

commonly known as Fatty acid Methyl Esters can be 

produced from plant oils, animal fats etc. [3]. The 

method used for the process is transesterification. The 

transesterification reaction takes place through the re-

action of oil, alcohol and catalyst [4]. The catalysts that 

are used mostly are homogeneous and heterogeneous. 

The heterogeneous catalyst has various advantages over 

the homogeneous catalyst such as non-corrosive, easy 

separation and high thermal stability [5]. The heteroge-

neous catalyst has a wide range of varieties. But among 

them, metal oxide has gained more attention because of 

its superior physical and chemical properties [6]. The re-

searchers have found it to be an efficient candidate for 

the synthesis of biofuel. Mixed metal oxide especially 

perovskite acquires thermal stability and high catalytic 

potential. Umar and his group synthesized solid cata-

lysts by sol-gel method using citric acid as a chelating 

agent. The catalysts i.e., CaSr0.2Mn0.8O3 and 

CaSr0.2Mn0.5O3 were used for the synthesis of biofuel. 
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The optimized reaction conditions for the transesterifi-

cation method are a reaction temperature of 80 °C, a 

methanol-to-oil molar ratio of 12:1 and catalyst loading 

of 0.5 gm and a reaction time of 4 hours. CaSr0.2Mn0.8O3 

was found to be more effective than its counterpart. It 

achieves a biofuel yield of 100 % [7]. A high thermal sta-

bility catalyst consisting of bismuth and iron was used 

to produce biodiesel from palm cooking oil. The hetero-

geneous bismuth ferrite nanocatalysts (BiFeO3) using 

Kappa-carrageenan polysaccharides showed outstand-

ing catalytic activity. The catalyst was characterized by 

XRD and showed rhombohedral crystalline phases. The 

optimized reaction conditions for the transesterification 

reactions were oil to methanol ratio 1:15, catalyst dosage 

of 7 wt % and a reaction temperature of 2 h. Razuki and 

his group also reported that the synthesized heterogene-

ous catalyst was recycled for five consecutive cycles and 

found to be shown good catalytic activity [8].  

The present work aims to synthesize a novel mixed 

metal oxide i.e., organic-inorganic heterogeneous perov-

skite-based nanocomposite catalyst for biofuel synthesis.  

 

2. MATERIALS AND METHODS 
 

2.1 Materials Used  
 

Various precursors were used for the synthesis of  

organic-inorganic perovskite-based nanocomposite 

http://jnep.sumdu.edu.ua/index.php?lang=en
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(Fe2O3-FAPbI3-TiO2). The precursors used without puri-

fication were Urea (CH4N2O, Emparta ACS-Merck Mil-

lipore, 99.0-100.5 %),Ferric nitrate nonahydrate 

(Fe(NO3)3,Fischer Scientific, 98.0 %), Hydroiodic acid 

(HI, Alfa Aesar, 55 %), Formamidiniumacetatepowder 

(HN=CHNH2.CH3COOH, Sigma-Aldrich, 99 %), Lead 

(II) iodide (PbI2, Sigma-Aldrich, 99 %), Titanium dioxide 

(TiO2, Sisco Research Laboratories Pvt. Ltd. India, 

99.7 %), N,N-Dimethyl formamide (C3H7NO, Sisco Re-

search Laboratory Pvt. Ltd., India, 99 %), Isopropanol 

(C3H8O, Fischer Scientific, 99.7 %), Diethyl ether 

((C2H5)2O, Qualigens, 98 %), Titanium (IV) isopropoxide 

(C12H28O4Ti, Sigma Aldrich, 97.0 %), Nitric acid (HNO3, 

Fisher Scientific, 69-71 %) and Methanol (CH3OH, Em-

parta ACS-Merck Millipore, 99.8 %) respectively. The 

biofuel was synthesized using raw Karanja oil and alco-

hol. The raw Karanja oil was purchased from Green Leaf 

Industries, Surat, Gujrat. Methanol (CH3OH, Emparta 

ACS-Merck Millipore, 99.8 %) was used as an alcohol. 

 

2.2 Synthesis 
 

Fe2O3-FAPbI3-TiO2 nanocomposite was synthesized 

in two steps. Initially, Fe2O3-TiO2 nanocomposite was 

synthesized and finally, Fe2O3-TiO2 was doped in 

FAPbI3. Fe2O3-TiO2 nanocomposite was synthesized by 

using 5 ml of Propan-2-ol mixed with 15 ml of Titanium 

(IV) isopropoxide. The mixture was stirred for approxi-

mately 5 minutes. Two drops of Nitric acid were added 

and stirred the mixture for 30 minutes at 40 °C. During 

stirring Fe2O3 was added. Distilled water was added 

dropwise, and a reddish-white precipitate was settled at 

the bottom. The precipitate was calcined at 600°C to ob-

tain Fe2O3-TiO2 nanocomposite. Finally, the Fe2O3-

FAPbI3-TiO2 nanocomposite was synthesized by sol-gel 

method followed by the addition of Fe2O3-TiO2 nanocom-

posite. Lead iodide and Formamidinium iodide were dis-

solved in N, N-Dimethyl Formamide in the molar ratio 

of 3:1. The mixture was stirred for two hours at room 

temperature. Fe2O3-TiO2 was added to the solution dur-

ing stirring. A reddish-yellow gel appeared which was 

dried in the oven at 85 °C to obtain Fe2O3-FAPbI3-TiO2 

nanocomposite. 

The biofuel was synthesized by using organic-inor-

ganic perovskite-based nanocomposite i.e. Fe2O3-

FAPbI3-TiO2 as a catalyst. Basically, the transesterifica-

tion method was used for the synthesis of biofuel. The 

reaction takes place by using Karanja oil, Fe2O3-FAPbI3-

TiO2 nanocomposite as catalyst and Methanol. A reactor 

was used which was equipped with a UV light with a 

light intensity of 8 W/cm2. The reaction was initiated 

by taking the molar ratio 10:1 (methanol: oil), 2wt. % 

catalyst loading and the reaction speed at 1000 rpm. The 

reaction was performed at room temperature for 

3 hours. Two distinct layers were seen which consist of 

the top layer: biofuel and the bottom layer: glycerol and 

catalyst. The biofuel was separated by using a separat-

ing funnel and later it was centrifuged to remove the 

trace amount of catalyst if present. 

 

3. RESULTS AND DISCUSSION 
 

3.1 Characterization of Nanocomposite 
 

3.1.1 XRD Analysis  

Fig. 1 shows the XRD spectra of Fe2O3-FAPbI3-TiO2 

nanocomposite. The peaks observed at 11.79° and 25.93 

correspond to the crystallographic planes (010) and 

(021) with d-spacing of 0.75 nm and 0.34 nm assigned to 

the δ-FAPbI3. It possesses a hexagonal structure with 

lattice parameters as a  8.70 A° and c  7.88 A° which 

is analogous to the earlier reported data [9]. The α-

FAPbI3 peak appeared at 34.20° corresponding to the 

hkl plane (211) comprising d spacing as 0.26 nm. It ac-

quires a cubic phase with the lattice parameters as 

a  6.87 A°. A common peak that appeared at 26.23° is 

assigned for both δ and  phase of FAPbI3 [10, 11]. The 

hematite Fe2O3 peaks appeared at 32.82° and 54.4° pro-

cure crystallographic planes at (110) and (116) compris-

ing d-spacing 0.27 nm and 0.16 nm respectively.  

A hexagonal structure with the lattice constants as 

a  5.3 A° and c  13 A° was found and it is analogous to 

the previously reported data [12]. The anatase TiO2 ap-

pears at two theta angles 26.23° and 38.66° attributed 

to the crystallographic planes at (101) and (004) respec-

tively. It acquires lattice spacings of 0.33 nm and 

0.23 nm. The lattice constants were found to be 

a  3.60 A° and c  9.37 A° which resemblance to a te-

tragonal structure [13]. Again, the peaks at 27.43° and 

41.63° which correspond to crystallographic planes at 

(110) and (111) are attributed to the rutile TiO2 pos-

sesses. interplanar spacings as 0.32 nm and 0.21 nm. 

The lattice constants were found to be a  4.44 A° and 

c  2.99 A° assigned to a tetragonal structure [14]. The 

PbI2 peak appears at two theta angles of 12.68° [15]. The 

synthesized Fe2O3-FAPbI3-TiO2 nanocomposite acquires 

an average crystallite size of 62.85 nm. 

 

3.1.2 TEM Analysis  
 

Fig. 2 (a) shows the TEM image of Fe2O3-FAPbI3-

TiO2 nanocomposite. A clear picture of the nanocompo-

site is seen where the dark spots signify the Fe2O3-TiO2 

and the lighter section surrounding the darker spots sig-

nifies the FAPbI3. Fig. 2(b) shows the HR TEM image of 

Fe2O3-FAPbI3-TiO2 nanocomposite. The crystallinity of 

the nanocomposite is clearly seen from the fringes. GA-

TAN micrograph software was used to calculate the d-

spacing. The d-spacing of nanocomposite is found to be 

0.18 nm, 0.21 nm and 0.16 nm assigned to the orienta-

tion plane at (222), (111) and (116) corresponds to cubic 

 FAPbI3, rutile tetragonal TiO2 and hexagonal hema-

tite Fe2O3 respectively [10, 11, 14, 16]. Fig. 2 (c) shows 

the SAED image of Fe2O3-FAPbI3-TiO2 nanocomposite. 

The bright dotted spot signifies the polycrystallinity. 

The orientation was observed at (104), (021), (222), (116) 

and (004) attributed to d-spacing 0.27 nm, 0.34 nm, 

0.18 nm, 0.16 nm and 0.23 nm corresponds to hexagonal 

hematite Fe2O3, hexagonal δ-FAPbI3, cubic -FAPbI3, 

hexagonal hematite Fe2O3 and tetragonal anatase TiO2 

respectively [9, 11-15, 17-18]. The orientation obtained 

from the SAED pattern is analogous to the XRD data. 

 

3.2 Characterization of Biofuel 
 

3.2.1 GCMS Analysis 
 

Table 1 shows the fatty acid methyl esters (FAME) 

synthesized from raw Karanja oil using Fe2O3-BaTiO3-
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TiO2 nanocomposite as a catalyst. All the necessary 

FAMEs were present in the synthesized biofuel and it 

matched with the earlier reported data [15, 17]. The 

maximum fatty acid methyl esters were acquired by lig-

noceric and -linolenic acid methyl esters i.e., 31.25 and 

23.10 % as shown in Table 1. The unsaturated fatty acid 

methyl ester and saturated fatty acid methyl ester pre-

sent in the synthesized fatty acid methyl esters lead to 

longer premixed combustion/high peak pressure and ex-

cellent combustion properties [18, 19]. The GCMS re-

sults conclude that the synthesized biofuel is an out-

standing candidate because of the presence of both sat-

urated and unsaturated fatty acids. 
 

 
 

Fig. 1 – XRD of Fe2O3-FAPbI3-TiO2 nanocomposite 
 

 
 

                           (a)                  (b) 

 
 

(c) 
 

Fig. 2 – (a) TEM image of Fe2O3-FAPbI3-TiO2 nanocomposite 

(b) HRTEM image of Fe2O3-FAPbI3-TiO2 nanocomposite (c) 

SAED image of Fe2O3-FAPbI3-TiO2 nanocomposite 
 

Table 2 shows the comparison of catalysts perfor-

mance of various heterogeneous perovskite catalysts 

with the present work synthesized catalyst in the pro-

duction of biofuel. The synthesized perovskite-based 

nanocomposite catalyst can be a potential catalyst in the 

future for the synthesis of biofuel. The biofuel yield of 

the present experimental data was compared with the 

biofuel yield of other reported data synthesized from 

perovskite catalysts and found that the biofuel yield of 

present experiment is quite lower than the biofuel yield 

of counterpart perovskite catalysts. Temperature plays 

a major role in the transesterification reaction. As com-

pared to the data’s reported by other researchers; the 

present work was performed at an ambient temperature 

which was less than 20 °C; but the other reported exper-

iments were performed at temperature greater than 

60 °C. 
 

Table 1 – GC-MS chromatogram of biofuel from Karanja oil  

using Fe2O3-FAPbI3-TiO2 nanocomposite as a catalyst 
 

Sl. 

No. 

Retention 

time (min) 

Fatty Acid 

Methyl Ester 

Composition 

(%) 

1 31.60 
Linoleic Acid 

Methyl Ester 
1.10 

2 31.68 
Linoleic Acid 

Methyl Ester 
1.78 

3 32.45 
Linolenic Acid 

Methyl Ester 
16.52 

4 34.22 
Behenic Acid 

Methyl Ester 
1.28 

5 37.61 
Lignoceric Acid 

Methyl Ester 
31.35 

6 39.04 
-Linoleic Acid 

Methyl Ester 
23.10 

7 40.71 
Eicosenoic Acid 

Methyl Ester 
1.08 

 

The lower temperature might be a parameter that 

affects the yield of biofuel. Further, an appropriate 

amount of catalyst loading and molar ratio might en-

hance the yield of biofuel. An inadequate amount of cat-

alyst loading can lead to incomplete conversion, as the 

catalyst may not be able to efficiently promote the trans-

esterification reaction. On the contrary excessive cata-

lyst loading might not sufficiently improve the conver-

sion rate; it can increase production costs. Finding the 

optimal catalyst loading is mandatory to achieve high 

conversion efficiency. 
 

Table 2 – Comparison of various perovskite catalyst’s perfor-

mance in the transesterification process 
 

Catalyst 

Molar 

ratio 

(Metha-

nol to 

oil) 

Reaction 

Tempera-

ture (°C) 

Reaction 

time 

Catalyst 

loading 

(wt%) 

Yield 

(%)  
Ref. 

BaSnO3 16:1 65 25 min 2.5  98 15 

SrTiO3 15:1 170 3 h 6 86.50 16 

BaCeO3 19:1 65 100 min 1.2 98.4 17 

Fe doped 

SrTiO3 
18:1 150 3 h 5 97.52 18 

Strontiu

m doped 

TiO2-GO 

10:1 120 3 h 10 96.5 19 

Fe2O3-

FAPbI3-

TiO2 

10:1 20 3 h 2 wt% 15-20 

This 

experim

ent 
 

Simultaneously, a higher molar ratio can improve 

the conversion rate and increase the yield of biofuel. 

Moreover, using an excessively high molar ratio can in-

crease production costs. Therefore, it is vital to regulate 

the appropriate molar ratio based on the definite cata-

lyst and reaction condition to ensure complete conver-

sion while maintaining cost-effectiveness. So, to make it 

an industrially potential catalyst further optimization of 

the process parameters is a mandatory need for increas-

ing the yield of biofuel.  
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4. CONCLUSION 
 

The biofuel was successfully synthesized using a 

novel organic-inorganic perovskite-based nanocompo-

site as a catalyst. The nanocomposite was characterized 

by XRD and TEM. The XRD analysis clearly signifies 

the formation of Fe2O3-FAPbI3-TiO2 nanocomposite. The 

morphology of the nanocomposite was determined by 

TEM. The transesterification method with the reaction 

parameters as catalyst loading of 2wt. %, ambient reac-

tion temperature and reaction speed 1000 rpm under 

UV light irradiation were used for the synthesis of bio-

fuel from Karanja oil. The biofuel was characterized by 

GCMS. The GCMS signifies the different fatty acid me-

thyl esters present in the biofuel. Among the fatty acid 

methyl esters lignoceric and -linolenic acid methyl es-

ters acquire 31.25 and 23.10 %. The corresponding fatty 

acid methyl esters are saturated and unsaturated fatty 

acid methyl esters. The presence of both the categorized 

methyl esters lead to excellent premixed combustion and 

results in better combustion properties. The maximum 

biofuel yield by using Fe2O3-FAPbI3-TiO2 nanocomposite 

as a catalyst was found to be in the range of 15-20 %. 

Increasing the yield of biofuel requires further optimiza-

tion of the process parameters such as reaction temper-

ature, reaction time, catalyst loading, reaction speed etc. 

Temperature is an important parameter for the synthe-

sis of biofuel. The present work was performed at ambi-

ent temperature. So, raising the reaction temperature 

can potentially lead to a higher yield. Further, the nano-

composite will be used as a catalyst for the transesteri-

fication of various inedible oils. The synthesized biofuel 

can be further used in engines by blending with commer-

cial diesel at various proportions. Hence, the synthe-

sized organic-inorganic perovskite-based nanocomposite 

can be a potential candidate for synthesizing biofuel in 

the near future. 

 

 

REFERENCES 
 

1. M.A.H. Khan, S. Bonifacio, J. Clowes, A. Foulds, R. Hol-

land, J.C. Matthews, C.J. Percival, D.E. Shallcross, Atmos-

phere 12, 1289 (2021). 

2. Y.S.H. Najjar, Innov. Energy Policies 1, 1 (2011). 

3. A.M. Rabie, M. Shaban, M.R. Abukhadra, R. Hosny, S.A. 

Ahmed, N.A. Negm, J. M. Liq. 279, 224 (2019). 

4. G. Kuznetsov, V. Dorokhov, K. Vershinina,  

S. Kerimbekova, D. Romanov, K. Kartashova, Energies 16, 

5939 (2023). 

5. N.H. Said, F.N. Ani, M.F.M Said, J. Mech. Eng. Sci. 8, 

(2015). 

6. B.H. Jume, M.A. Gabris, N.H. Rashidi, S. Rezania, J. Cho, 

Renew. Energy 162, 2182 (2020). 

7. A. Umar, M.O. Thotyl, A. Hadi, Catal. Sustain. Energy 6, 1 

(2019). 

8. A. Razuki, N.H.M. Kaus, S. Sagadevann, S. Salaeh,  

M.L. Ibrahim, M.M.A.B. Abdullah, Fuel 346, 128413 

(2023). 

9. S. Prathapani, D. Choudhary, S. Mallick, P. Bhargava,  

A. Yella, CrystEngComm. 19, 3834 (2017). 

10. M. Zhang, F. Zhang, Y. Wang, L. Zhu, Y. Hou, F. Teng, Sci. 

Rep. 8, 11157 (2018). 

11. B.R. Bade, K.B. Kore, S.R. Rondiya, D.S. Nilegave, M.P. 

Nasane, S.B. Jathar, S.V. Barma, S.R. Jadkar, A.M. Funde, 

ES EnergyEnviron. 13, 36 (2021). 

12. F. Kraushofer, Z. Jakub, M. Bichler, J. Hulva, P. Drmota, 

M. Weinold, M. Schmid, M. Setvin, U. Diebold, P. Blaha, 

G.S. Parkinson, J. Phys. Chem. C 122 No 3, 1657 (2018). 

13. J.P.W. Treacy, H. Hussain, X. Torrelles, D. Grinter, G. Ca-

bailh, O. Bikondoa, C. Nicklin, S. Selcuk, A. Selloni,  

R. Lindsay, G. Thornton, Innov. Energy Policies. 95, 7 

(2017). 

14. S. Singh, M.N. Tripathi, Pramana 89, 5 (2017). 

15. T. Roy, S. Sahani, D. Madhu, Y. Chandra, J. Clean. Prod. 

265, 121440 (2020). 

16. Y. Li, S. Niu, J. Wang, W. Zhou, Y. Wang, K. Han, C. Lu, 

Renew. Energy 184, 164 (2022). 

17. S. Sahani, T. Roy, Y.C. Sharma, J. Clean. Prod. 237, 117699 

(2019). 

18. Y. Li, S. Niu, S, Y. Hao, W. Zhou, J. Wang, J. Liu, Renew. 

Energy 199, 1258 (2022). 

19. B.H. Jume, P.J. Ahranjani, S.F. Saei, F. Zeki,  

Y. Vasseghian, S. Rezania, Sustain. Energy Technol. Assess. 

54, 102619 (2022).

 

Синтез біопалива з використанням органо-неорганічного перовскітного матеріалу соня-

чної батареї на основі нанокомпозиту 
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Альтернативне паливо повинно замінити викопне паливо. Це дозволить вжити запобіжних заходів 

для навколишнього середовища задля зменшення токсичних газів, що виділяються з викопного па-

лива. У цій роботі біопаливо синтезується з використанням нового органо-неорганічного нанокомпозиту 

на основі перовскіту як каталізатора. Синтезований каталізатор досліджено методами рентгенівської 

порошкової дифракції (XRD) та просвічуючої електронної мікроскопії (TEM). Для синтезу біопалива 
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використовується метод переетерифікації. Дослідники з усього світу здебільшого синтезували біопа-

ливо, особливо біодизель, методом переетерифікації, де температура відіграє головну роль у каталіти-

чній реакції. Більшість дослідників повідомили про синтез біопалива з використанням гетерогенних 

каталізаторів при вищих температурах, що перевищує 60 °C, але в цьому дослідженні спроба синтезу 

біопалива за температури навколишнього середовища здійснюється під впливом ультрафіолетового сві-

тла. Для дослідження параметрів синтезованого біопалива також використовується метод мас-спектро-

метрії газової хроматографії (GCMS). 
 

Ключові слова: Біопаливо, Каталізатор, Перовскіт, Синтез, Нанокомпозит, Переетерифікація. 


