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Abstract: 

In a wide variety of applications, varying from lab-on-a-chip and in vivo biosensors to 

environment tracking and war agent identification, there could be a need for quick, 

responsive and powerful digital sensors applicable for trace detection instead of the 

commonly hired high-priced, voluminous and complicated instrumental methods. In the last 

few years, carbon nanomaterials have attracted a great deal of scientific attention. For the 

development of the next generation of miniaturised, low-power, ubiquitous sensors, their 

special electrical, optical and mechanical properties make them quite important. In the 

specific case of gas sensing, the superiority role of other well-established nanomaterials is 

challenged by certain carbon nanomaterials like nanofibers, nanotubes and graphene, but 

the industrial exploitation of carbon nanomaterials is still a long way off. This paper 

discusses the latest technology of carbon nanomaterial electrical gas sensors, describes the 

bottlenecks that impair their commercialization, and some latest advancements as well. 

Finally, an outlook is presented in which obstacles and possibilities are described. 
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__________________________________________________________________________________ 

I. INTRODUCTION 

Inside the previous few years there has been an explosion in the number of posted papers 

coping with nanomaterials for fuel sensing. This need for cheaper, low-electricity gadgets is 

fuelling the exponential growth of studies on this vicinity. The various different 

nanomaterials one should recollect for growing a gasoline sensor, carbon nanomaterials had 

been attracting a first-rate deal of interest. Carbon substances with inherent nanoscale 

functions have potential for turning into perfect components for the following technology of 

autonomous sensor era, due to the fact that they combine great detection sensitivity with 

thrilling transduction properties in a single layer of cloth. Low-dimensional carbon systems 

have most of their atoms uncovered to the environment and, therefore, offer excessive unique 

floor place, which is wonderful for attaining excessive sensitivity.  

Not like in polycrystalline materials (e.g. Polycrystalline metallic oxides), quasi-one 

dimensional substances avoid grain boundary poisoning, which improves the long-term 

balance of devices. Some carbon nanomaterials such as carbon nanotubes or graphene have 

excessive quality crystal lattices and show excessive service mobility (e.g. Ballistic fee 

delivery) and low noise [1]. At the same time as the last two traits are crucial for buying exact 
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transduction houses, the floor chemistry of low-dimensional, crystal systems is, in principle, 

less difficult to apprehend and manipulate than that of polycrystalline systems. In that 

experience, single crystalline nanostructures are desirable version substances for running 

computational chemistry studies, from which perception can be won into their fuel sensing 

mechanisms.  

The sensitivity and selectivity of carbon nanomaterials can be engineered via using exclusive 

strategies both to create defects and graft functional groups to their surface in a controlled 

way. Fabricated via extraordinary methods, carbon nanomaterials are regularly amenable to 

creating devices through using conventional techniques including lithography, which 

facilitates maintaining costs low. Moreover, their mechanical properties make them 

appropriate to emerge as included in flexible digital devices. They provide excessive 

sensitivity to fee ratio, even if operated at room temperature. Their low electricity needs lead 

them to desirable applicants for being operated remotely. The electronic signal transduction 

(e.g. A resistance exchange) of chemical environmental analytes is fantastic over optical 

techniques, attributable to decrease price, improved device simplicity, higher pattern 

throughput and higher portability [1]. 

This paper opinions the carbon nanomaterials that might combine the brand new technology 

of gas sensors with advanced performance and significantly discusses their strengths and 

weaknesses. An overview at the different fuel touchy devices constructed employing such 

nanomaterials is given and the main technological barriers are diagnosed. Finally, in an 

outlook on how the sector may additionally evolve in the following couple of years is given. 

II. DISCUSSION 

Gasoline sensors using carbon nanomaterials 

The homes of carbon nanomaterials had been exploited to expand gas sensors employing one 

of a kind transduction standards (modifications in their electrical or optical residences, mass-

sensitive, etc.). This evaluate is limited to gasoline sensors, the detection mode of which 

relies on modifications inside the tool’s electric modern-day, resistance or conductance [2]. 

Carbon black gasoline sensors 

The man or woman sensor elements are made from films consisting of carbon black particles 

dispersed into insulating natural polymers. The carbon black endows electric conductivity to 

the movies, while the exclusive natural polymers are the source of chemical variety between 

sensor factors. Swelling of the polymer upon publicity to a fuel/vapour increases the 

resistance of the movie, thereby presenting an fairly easy method for monitoring the presence 

of a gas/vapour. The viscosity of the polymer-carbon black composite is adjusted the usage of 

suitable sol-vents and the ensuing paste is deposited on a flat substrate with patterned 

electrodes. For example, drop coating or spin coating are  appropriate strategies for the 

deposition, which is observed with the aid of a drying step. 

The resistivity as opposed to carbon black content of carbon black–organic polymer 

composites is well described by means of percolation concept. At low carbon black loadings, 

the composites are insulators because no related pathway of conductive debris exists across 

the cloth. As the carbon black content material is expanded, a sharp transition happens in 

which the resistivity of the composite can decrease dramatically (with the aid of up to ten 

orders of magnitude) with a small variation within the carbon black awareness. At this 
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transition point, targeted as the percolation threshold, a connected pathway of carbon black 

particles is shaped. A consistent clarification of the differential resistance response of carbon 

black–polymer composite factors to gases or vapours is that swelling disrupts the conduction 

pathways, thereby ensuing in an accelerated resistance of the composite movie [3]. 

Carbon nanofibre fuel sensors 

Fu and co-workers have advised the dispersion of car-bon nanofibres within a polymer matrix 

as a way to conquer the instability experienced with carbon black–polymer composites. This 

instability happens due to the fact the nanosized carbon black particles have a tendency to 

reaggregate whilst the composite absorbs vapour, which lowers the matrix viscosity and 

increases its extent. In comparison, dispersing carbon nanofibres within the polymer 

improves the vapour sensing stability due to the fact those excessive aspect ratio fibres 

withstand passment within their polymer composites while vapour is absorbed and desorbed. 

Accordingly, the authentic electric percolation pathways present in those composites are 

maintained after absorbed vapour has desorbed from the matrix. In, vapour grown carbon 

nanofibres have been suspended in toluene and polystyrene become brought beneath 

magnetic stirring [4].  

Carbon nanotube gasoline sensors 

The electronic homes of cnts have been determined to be extraordinarily touchy to their local 

chemical surroundings. This chemical sensitivity has made them best applicants for 

incorporation into the design of chemical sensors. The tale of carbon nanotube gasoline 

sensors started with seminal courses in Science with the aid of Dai and Zett companies. Dai 

and co-employees hired semiconductor unmarried wall cnts (S-SWNT) obtained by way of 

controlled chemical vapour deposition boom of character swnts from patterned catalyst 

islands on sio2/Si substrates. Two metallic contacts were used to attach an S-SWNT, the 

steel/S-SWNT/steel device exhibited p-kind transistor characteristics with numerous orders 

of value trade in conductance underneath diverse gate voltages. Sensor conductance turned 

into investigated inside the presence of nitrogen dioxide and ammonia vapours. The SWNT is 

a hollow-doped semiconductor, wherein the conductance of the SWNT turned into observed 

to decrease by way of three orders of significance under tremendous gate voltages. For the 

nitrogen dioxide case, publicity of the initially depleted sample to this fuel resulted within the 

nanotube Fermi level shifting toward the valence band. This brought about enriched hole 

carriers within the nanotube and enhanced sample conductance. The consequences of 

nitrogen dioxide and ammonia on the electric houses of mats of SWNT ropes crafted from as-

grown laser ablation substances was additionally investigated. Response to gases was 

significantly decrease for SWNT mats than for single S-SWNT devices. This result turned 

into attributed to two motives: In bulk SWNT samples, the molecular interplay outcomes are 

averaged over metal (i.e. Less responsive) and semiconducting tubes. Additionally, the 

internal tubes in SWNT ropes are blocked from interacting with gases because molecules 

aren't anticipated to intercalate into SWNT ropes [5][6]. 

Graphene gasoline sensors 

The primary observe of graphene use in fuel sensing became reported in 2007 with the aid of 

Novoselov’s organization, which tested the electric detection of gas molecules adsorbed on 

multi-terminal corridor bars. Those had been fabricated through conventional lithographic 

strategies from single-layer or few-layer graphene that had been mechanically cleaved from 



 

 

 

ISSN: 0374-8588 

Volume 21 Issue 11, November 2019 

_________________________________________________________________________ 

1159 

 

graphite. Adsorption of ppm of gases prompted the gadgets to expose concentration-

dependent modifications in resistivity. Baseline might be regained by using heating at 150 ◦C 

beneath vacuum. The gas-caused modifications in resistivity had distinctive magnitudes for 

extraordinary gases, and the sign of the trade indicated whether or not the fuel was an 

electron acceptor (e.g., nitrogen dioxide, moisture) or an electron donor (e.g., carbon 

monoxide, ethanol, and ammonia). Taking benefit from the low noise stages of their graphene 

gadgets, Novoselov and co-people also done long-time period measurements on 

extraordinarily dilute nitrogen dioxide samples and determined step-like changes in resistivity 

at some stage in adsorption and desorption. From statistical analyses of those quantised 

information, they interpreted those consequences as proof of the detection of adsorption or 

desorption of man or woman gasoline molecules. Given the fact that conductivity is 

proportional to the product of carrier density and mobility, it appears clean that changes in 

provider density, mobility or each are answerable for the experimental effects discovered. 

However, the depth of the contribution of these factors remains the situation of studies. Soon 

after the realisation of graphene gasoline sensors, special computational chemistry research 

had been executed to theoretically examine the adsorption of various molecules (moisture, 

nitrogen dioxide, nitric oxide, ammonia, carbon monoxide, carbon dioxide, oxygen and 

nitrogen) on graphene. These research display that nitrogen dioxide behaves as a robust 

dopant and that moisture or ammonia should produce milder outcomes. It's miles the 

interaction of ammonia with water adsorbed at the devices what probably contributes to the 

big response determined. Further to the paintings of Goldoni for CNTs, Johnson and co-

employees showed that conventional nano-lithography employed to contact graphene for 

making gas sensing gadgets leaves withstand residues on the graphene surface. This 

contamination chemically dopes graphene, enhances provider scattering and acts as an 

absorbent layer that concentrates gas molecules at the surface of graphene, improving 

gasoline response. By means of cleaning graphene in H2/Ar, contaminants are removed and 

the intrinsic graphene responses to gases may be measured. Those responses have been found 

to be very small and, therefore, advocate the want for floor functionalisation so that you can 

attain sub-ppb sensitivity. Gianozzi and co-workers advise using substitutional doping in 

graphene to beautify its gasoline sensing properties (an equivalent method had already been 

carried out in CNTs). Their computational research performed on a B, N, Al and S-

substituted graphene sheet advise that B or S doped graphene might be nice for detecting 

nitric oxide and nitrogen dioxide [7][8]. 

III. CONCLUSIONS 

Today, the particular digital structures and properties of a few carbon nanomaterials, 

specifically carbon nanofibres, CNTs, graphene and decreased graphene oxide, are 

threatening the dominance of other well hooked up (nano)substances in capacity applications 

of electrical sensors. But, the commercial manufacturing of carbon nanomaterial gasoline 

sensors continues to be a few way off, and there's nevertheless a want for important 

breakthroughs. Fabrication is one of the predominant challenges and research is wanted to 

locate fee-powerful, scalable production meth-ods that retain the essential homes of such 

materials. If using excessive-purity CNTs or graphene as fuel-touchy substances is sought, 

then CVD seems the growth method of desire. While some results have shown the possibility 

of growing and contacting extremely-pure, suspended, single CNTs, suppressing unwanted 

hysteresis as a result of ambient humidity in area impact devices, a much needed most 

important step forward would be the in situ growth of CNTs with predictable semiconducting 

or metallic residences. This would avoid the use of the prolonged and, most of the instances 
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no longer scalable separation/identity and contacting methods, used nowadays to manufacture 

gadgets with top-quality sensitivity. 

However, if other decrease satisfactory carbon nanomaterials consisting of carbon nanofibres 

or decreased graphene oxide keep to construct on its promise for fuel sensing, then 

electrospinning and chemical exfoliation of graphite, respectively, observed through drop or 

spin-casting could be scaled-up. With the modern research efforts directed to solve those 

issues, it appears that evidently accomplishing massive-scale fabrication is just a count of 

time. 

Although it has been claimed that unmarried-molecule adsorption/ desorption events are 

detectable using graphene devices, thus far the electric detection of gas adsorption on CNTs 

or graphene has had detection limits at ppb degrees, in laboratory conditions. 

Functionalisation of the carbon nanomaterial surface (e.g. decorating with metal or metal 

oxide nanoparticles or via grafting practical corporations) is a sensible manner to growth 

sensitivity, minimise undesirable outcomes (e.g., moisture interference) and song selectivity. 

The usage of reactive bloodless plasmas appears to be an effective way to clean the floor, 

create managed defects and functionalise the floor of carbon nanomaterials in a single step 

(e.g., greater environmentally pleasant than wet chemistry routes and may be scaled-up). 

Selectivity remains an crucial issue as many research show the difficulty of creating carbon 

nanomaterials clearly selective and, the same old answer of the usage of sensor arrays with in 

part overlapping sensitivity seems to stay a very good option right here. An vital venture, 

quite associated with the previously noted ones, is averting the presence of undesirable 

contaminants at the sensor surface. This contaminants may also result adsorbed during the 

ordinary function of the sensor because they're present within the environment or derive from 

the sensor guidance methods (e.g. Polymer photoresist residues, solvents using for dipcasting, 

and so forth.). Periodical temperature biking or continuous UV mild exposure, have been 

reported as useful to regenerate the surface. Likely the great technique could be to enforce 

suitable floor engineering and, therefore, the functionalisation layer will be used to protect 

the tool high surface place from adsorption of impurities. Well-designed functionalisation 

need to be focused at balancing the power of adsorption of analytes (wished for excessive 

sensitivity) against the reversibility of the detection procedure, which is a essential for fuel 

sensors to perform continuous measurements. 

Considering the traits of the one of a kind carbon nanomaterials, graphene offers similar 

interplay houses with target molecules than that of big-diameter CNTs (usually multiwalled 

carbon tubes) and similar flexibility for functionalising its floor however with drastically 

lower noise ranges, which would be most excellent for sensors with improved decrease 

detection limits. However, lower first-rate carbon nanomaterials along with carbon black, 

carbon nanofibres, and reduced graphene oxide offer in fashionable a looser manipulate of 

their surface chemistry compared to their counterparts. This must imply higher detection 

limits, decrease selectivity and reproducibility for these substances than in CNTs or graphene. 

Yet, low excellent carbon nanomaterials are good applicants for cheaper detectors in mass-

market applications. 

In the end, the transduction techniques past exploiting the electric houses of such substances, 

could cause expanded sensitivity. As an example exploiting the nanomechanical homes of 

graphene or CNTs could cause zeptogram detection limits. The reality that mass sensors do 

not depend on the electronic houses of carbon nanomaterials, widens the spectrum of surface 

functionalisations that could be envisaged. Another important challenge is the evidence that 
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the development of programs of carbon nanomaterials is hampered by means of their 

biopersistence and seasoned-inflammatory action in vivo. Consequently, similarly studies are 

needed to decide and lift recognition on the safe handling, operation and recycling of carbon 

nanomaterial gasoline sensors. 
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