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Detecting Low-Concentrations of Ammonia Using Reduced Graphene
Oxide Gas Sensor
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Introduction
Ammonia is a flammable, toxic and colorless gas, though monitoring PPMs of that is a challenge
for human health care and property protection. To the flammability, detecting of this gas at room
temperature (RT) is so important. Graphene with mono layer sp’ bounded carbon atoms, has a
specific electronic properties.[1] Graphene based gas sensors has been attracted many researches
around the world in recent years because of their operating at RT. We fabricated a simple, cheap
and RT operating sensor device for NH; detection. The sensor device has been studied for exposing
to NHj Gas. The results showed very fast response to low-concentrations of Ammonia gas.
Experimental methods
Graphite oxide solution was obtained through modified Hummers method by using of natural
graphite powder as starting material.[2] The obtained solution was bright yellow in color. The
solution was centrifuged and washed by warm diluted HCI and dried at 40°C for 24 hours. Then by
the mean of ultrasonication the graphite oxide was turned to GO. The sensing device was fabricated
by drop-casting of aqueous solution onto pre interdigitated electrode-deposited alumina substrate.
X-Ray Diffraction (XRD)and Scanning Electron Microscopy (SEM)has been used to characterize
the structural and morphological properties of prepared layers respectively.
Gas sensing measurements was done by using of self-designed set up. The mechanism of tests was
measuring the change in resistivity when device was exposed to target gas.
Results and discussion
XRD pattern Fig [1] proved that nearly amorphous structure of GNSs was produced. As the SEM

images show in Fig [2], GNSs are created.



Fig 1. XRD paitern of GNSs Fig 2. SEM images of GNSs

When GNSs thin film as an active layer exposes to target gas, the molecules of the gas adsorb with
the surface of the layers and the electron transform occurs between GNSs and gas molecules. The
behavior of GNSs is similar to p-type semiconductor [3] and when it was exposed to target gases its
resistivity decreases or increases with regard to the
gas that is reducer or oxidizer respectively. The
sensitivity was calculated using the expression below:

S = [(RGas— RBaseline) / Raseline] % 100.

Rpaseline 18 resistivity of the active layer being exposed

Sensitivity (%)
= O B, M W b U O

. . 0 500 1000 1500 2000
to nitrogen gas. Response time has got on 30 sec and

Time (s)
the recovery time on 45 sec. It has understood from

Fig 3. Sensitivity of fabricated device to
these data that the greatest recovery time is due to low 2000 ppm NH; Gas
temperature of reaction and subsequently it causes to need

more time to removing the gas from chamber. The amount of Ammonia injected to the chamber
was calculated by weighting the amount of pure gas in a syringe and it was obtained as 2000 ppm.
Conclusion

Graphene nanosheets has been synthesized successfully and the sensing device was fabricated.
Ourcheap and simple fabricated device promises very high capabilities for graphene based sensors.
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Synthesis and Characterization of Graphene Nano-Sheet films
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Introduction
Graphene is an exciting material.[1] This material with monolayer sp° bounded atoms has many
specific properties. Its optical transparency beside its hardness as well as its high electron mobility
marked it as fascinating material ever known. Synthesis of graphene films could done by numerous
methods but the simple inexpensive one is synthesis through Hummers method. In this this study
Graphene Nano-sheets (GNSs) were synthesized successfully through Hummers method and typical
analysis like Optical Microscopy, Scanning Electron Microscopy, X-Ray Diffraction and Raman
Spectroscopy have been investigated for proving whether they’re created or not and if yes, what is
the characteristics of as prepared layers.
Experimental methods
Initially, ball-milled natural graphite powder and sodium nitrate were putted in 250 ml flask. Then
50 ml of H,SO4 was added. Temperature of flask has been kept on 0°C by using of an ice bath.
During the process flask and bath were on magnetic stirrer. After 2 hours KMnO, was added slowly
to the solution and the temperature was prevented to exceed from 10°C. After adding KMnO, the
temperature was raised to 35°C and stirred for another 2 hours. After completion of the reaction, 90
ml of water was poured slowly into the solution under vigorous stirring, and dark brown suspension
was obtained. The suspension was treated further by adding a mixture of H,O, and distilled water to
convert residual permanganate and MnQO, into soluble MnSO4 The obtained solution was bright
yellow in color. The graphite oxide powder was separated from the mixture by centrifugation and
was washed by warm diluted HCI and finally was dried at 40°C for 24 hours.The resulting graphite
oxide was turned into GO by ultrasonication at room temperature for 4 hour.[2] Afterward GNSs
film was formed by drop-casting of solution on 300°C alumina/quartz substrate. In fact changing of

GO into Reduced Graphene Oxide (RGO) was due to thermal reduction of GO suspension.

X-Ray Diffraction (XRD),Scanning Electron Microscopy (SEM) and Raman Spectroscopy was used
to characterize the structural and morphological properties of prepared layers.

Results and discussion

Y



XRD pattern proved that nearly amorphous structure of GNSs were produced and although it shows
the effect of reduction of graphene oxide on its spectrum. As we see in Fig [1a] there are two peaks

with one sharp and the other wide peak that are relate to GO and RGO respectively. But in Fig [1b]
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Fig 1. XRD spectrum of (a) partially reduced graphene Fig 2. SEM images of graphene oxide Nano-sheets.

oxide and (b) reduced eranhene oxide.

we cannot see the sharp one anymore and this is due to fully reduction of GO.

As the SEM images show in Fig [2], GNSs are created but it can’t help us to determine the number
of layers. For being insure from formation of few layer GNSs Raman Spectroscopy is needed. The
2D peak at ~2687 cm™ of the spectra proves the formation of few layer GNSs. The number of
layers are related to FWHM of the 2D peak.[3] D peak and G peak are relates to defects in graphene
and sp’ bounds relatively. Another peak, which is the D+D’ band (2954 cm™) is the combination of

phonons with different momenta around K and I".[4]
Conclusion

Graphene Nano-sheets were synthesized successfully through Hummers Method; and SEM

pictures, XRD spectra and the 2D peak in Raman spectroscopy proves our assertion.
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oxide Nano-sheets.
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Abstract

Nowadays carbon based Nano-structures have gained a lot of attentions to themselves
due to their simple and cheap production methods. One of them which has studied widely
in recent years is Graphene. Graphene with sp? structure shows very fascinating properties

of itself which have made this material suitable for a wide range of applications.

In this thesis Graphene Nano-sheets have been synthesized through Hummers
method. To approve the creation of these Nano-sheets variety of characterizations have
been used namely; XRD, SEM, Raman and OM. To investigate one of electrical
properties of this Nano-structures, gas sensing behavior of them has been studied after
several evaluations about substrate type and also methods for continuous layer formation.
Sensitivity of these sensors has been studied for several gases such as, Ammonia, Ethanol,
and Acetone and in a novel case for Ethylene emitted from fruits. In this industrial case
fabricated sensors showed very good response to the gas and it could be a key way to
create a sensor for electronic noses. In another industrial application, hybrid composition

of these Nano-sheets with Zinc Oxide has been made and used for UV light detection.

Characterizations results of these Nano-sheets approved the quality of them and
furthermore investigation of the applications showed a great potential of Graphene based

Nano-structures in a wide range of industrial applications.

Keywords: Carbon Nano structures, Graphene, Gas sensor, UV detector
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