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Abstract— Graphene/α-Fe2O3 composite 

nanoparticles have been successfully synthesized 

by a hydrothermal method using stainless steel 

Teflon autoclave. The synthesized 

nanocomposite powder was characterized by 

various characterization techniques to known 

the nanostructures and morphologies. The 

result shows that Graphene/α-Fe2O3 composite 

nanoparticles have average particle size of 45 

nm. In addition, the gas sensing properties of 

the synthesized Graphene/α-Fe2O3 composite 

nanoparticle were investigated at different 

temperature for different concentration. The 

result reveals that the synthesized Graphene/α-

Fe2O3 nanocomposite have good response for 

LPG gas as compare to the other gases like CO2, 

H2S, Acetone  and Ammonia vapours. 
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1. INTRODUCTION 

Metal oxide sensor is plays an important role in 

environment monitoring system for detection of 

flammable and toxic gases.  Hence, it is essential 

that high sensitivity and selectivity gas sensor with 

fast response time and recovery time to detect these 

harmful gas.  Thus far, metal oxides like (MnO2, 

WO3, ZnO, Fe2O3, In203, CuO ) were used for gas 

sensor[1,2]. Apart from these metal oxides, Fe2O3 

is promising material because of its outstanding 

properties like stability and environmental friendly. 

Fe2O3 gas sensor is used to detect LPG, Acetone, 

NH3, H2S, Ethanol, methanol, CO2, and H2. The 

performance of Fe2O3 metal oxide gas sensor was 

enhanced by varying the structure and morphology 

like nanorod, nanofiber, nanoflower, nanocube, 

nanodisc.  Many studies show that nanocomposites 

are another way of to improve the performance of 

gas sensor[3-6].  

In gas sensing application, graphene and its 

derivatives has been observed as an extraordinary 

material because of its superior charge carrier 

mobility, high transparency, excellent flexibility, 

and extraordinary electronic quality, and its 

superior thermal and mechanical properties. As a 

result, combining graphene with Fe2O3 enhanced 

sensing performances by improved electrical 

conductivity and increased gas adsorption capacity 

of these nanocomposites[6-10]. To the best of our 

knowledge, only few papers about the preparation 

of Graphene/α-Fe2O3 as sensing nanomaterials 

were reported. However in a present work, 

Graphene/α-Fe2O3 nanocomposite was synthesized 

by hydrothermal method to study gas sensing 

properties at different temperature for different 

concentration. 

 

2.EXPERIMENTAL  

2.1 PREPERATION OF GRAPHENE/ -Fe2O3 

COMPOSITE NANOPARTICLE  

In this work, Graphene/α-Fe2O3 nanocomposite 

was synthesized by hydrothermal method. In the 

typical experiment, Graphene powder was 

dissolved in 120ml distilled water and sonicated. 

While continuous magnetic stirring the solution, 

FeCl3_6H2O and urea were added, then stir for 15 

min. The prepared solution was transferred to 

Teflon-lined stainless steel autoclave and then 

maintained the temperature 1800C for 6h. The 

resulting precipitated was filtered, washed several 

times by distilled water and dried. The final 

precursor was calcinated at 6000C for 2h to form 

powder of Graphene/α-Fe2O3 nanocomposite.  

 

2.2. CHARACTERIZATION 

X-ray diffraction(XRD) analysis was performed 

with a Bruker D8 Advance X-ray diffractometer 

with CuK-alpha radiation. The chemical and 

fuctional bonds were observed by FTIR (Scemadzu 

IR Affinity Model No.1). The field emission 

scanning electron (FE-SEM) microscopy analysis 

was carried out with a Hitachi (S-4800, Hitachi, 

Japan) microscope. The transmission electron 

microscopy (TEM) was used to determine the 
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particle size and the morphology of the nano-sized 

powder with a JEOL(JEM2100F) microscope. 

2.3. GAS SENSING STUDY 

The α-Fe2O3/Graphene nanocomposites powder 

was pressed into pellets using Hydrolic pressed 

machine under a pressure of 8 ton and made the 

ohmic contacts using silver paste to form the 

sensing element. The gas sensing studies were 

carried out in a Laboratory made  gas sensing 

system to sense different gases at the temperature 

range 200 to 3250C on the sensing elements. The 

small amount of gas was inserted using glass 

syringe and measures the resistance of sensing 

element in presence of air Ra and gas Rg. The 

response of gas sensor was measured by 

                                                  

                

3. RESULT AND DISCUSSION 

3.1. STRUCTURAL 

AND_MORPHOLOGICAL 

CHARACTERISTICS  
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Fig:1 XRD pattern of synthesized Graphene/α-

Fe2O3 composite nanoparticle  

 

X-ray diffraction (XRD) patterns of the as-

synthesized Graphene/α-Fe2O3 composite 

nanoparticle are shown in Fig.1. All of the recorded 

diffraction peaks were good agreement with those 

from the standard JCPDS No. #33-066, which is 

indexed to the structure of hematite[7]. In addition, 

no impurity diffraction peaks are observed, 

confirming the phase purity of these entire 

nanoparticles. There were absences of Graphene 

diffraction peaks because of small amount of low 

diffraction intensity of Graphene. FTIR of the 

synthesized Graphene/α-Fe2O3 composite 

nanoparticle identify the chemical bonds as well as 

functional groups in the compound in the range of 

400-4000 cm-1 shown in Fig.2.  The large broad 

band at 3507 cm-1 is 
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Fig:2 FT-IR spectra of synthesized Graphene/α-

Fe2O3 composite nanoparticle 

 

described to the  O-H stretching vibration in O-H 

groups. The strong band below 700 cm-1 is 

assigned Fe-O stretching mode.  The band 

corresponding to Fe-O stretching mode of Fe2O3 is 

seen at 584,567 and 455cm-1.  The characteristic 

band energy and C–O–C stretching vibrations at 

1052 cm−1 are observed, indicating the presence of 

Graphene. In addition, the C=C and C=O band are 

observed at 1673 cm−1 and 1778 cm−1 respectively 

[7]. The surface morphologies of the as-prepared 

Graphene/α-Fe2O3composite nanoparticle were 

characterized by FESEM and TEM as shown in 

Fig. 3. 

 

3.2 GAS SENSING PERFORMANCE 

The LPG gas sensing properties of the sensor based 

on the Graphene/α-Fe2O3 composite nanoparticle   

 
Fig.3: FESEM (a,b)and TEM (c.d)images of 

synthesized Graphene/α-Fe2O3 composite 

nanoparticles 
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synthesized by hydrothermal synthesis are shown 

in Fig 4.  The gas sensing properties of the gas 

sensor studied at 2000C to 3250C temperature range 

for different concentration. When the sensor 

element is exposed to air, oxygen molecules are 

adsorbed on the surface of the sensing materials 

and ionized by electrons from the conduction band 

of material to form chemisorbed oxygen species. 

This leads to band bending and electron depleted 

region (called space-charge region).  In this 

process, chemisorbed oxygen species  

 
Fig.4: (a) Effect of temperature on Graphene/α-

Fe2O3 nanocomposite gas sensor to  LPG gas for 

1000ppm concentration, (b) Selectivity of 

Graphene/α-Fe2O3 nanocomposite gas sensor at 

2750C,(c)Response curve to the LPG gas, and (d) 

variation of LPG gas concentration at 2750C. 

 

decreases free electrons concentration in the 

material conduction band, consequently resistance 

of semiconductor will increase. When the sensor is 

exposed to reducing gas at a moderate temperature, 

surface reaction between the absorbed oxygen 

species and gas molecule will occur. This process 

leads to the releases of electrons trapped in the 

ionized oxygen species back into the material 

conduction band. As increasing in concentration of 

free electrons results in decrease the resistance. 

According to the conductivity behavior of 

semiconductor metal oxide, the response varies. In 

n-type semiconductor majority of carrier are 

electrons. When it interacts with a reducing gas an 

increase in conductivity occurs. On the other hand 

an oxidizing gas depletes the charge carriers, 

leading to a decrease in conductivity [5,7-11]. Fig. 

4 (a) shows high (~ 43.41%) response for LPG at 

2750C for 1000ppm gas concentration. Also It is 

clear from the Fig. 4(b), Graphene/α-Fe2O3 

nanocomposite gas sensor has good selectivity 

toward LPG gas as compare to other gases like 

Acetone, Ammonia, CO2, H2S  The response was 

quick (~ 2 s) to 1000 ppm of LPG gas, while the 

recovery was fast (~ 26 s) as shown in Fig. 4(c).  

The fast response may be due to immediate 

oxidation of LPG gas. The negligible quantity of 

the surface reaction product and its high volatility 

explains its fast response to LPG and quick 

recovery to its initial chemical status. Fig. 4.(d) 

shows the relationship between gas response and 

the concentration of LPG gas.  LPG gas response 

of activated sensor increases linearly and saturates 

above 1000 ppm gas at 2750C.  

 

4. Conclusion 

The Graphene/α-Fe2O3 composite nanoparticles are 

successfully synthesized by hydrothermal method 

using iron salt and Urea.  The synthesized 

nanocomposite powder is characterized by XRD, 

FTIR, FESEM and FEG-TEM to study crystalline 

size and morphology. The gas sensing properties of 

Graphene/α-Fe2O3 composite nanoparticle may be 

good sensing material for LPG gas. In this study, 

gas response of LPG is 44% with quick response 

and fast recovery time at operating temperature 

2750C.  
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