
 
 
 
 
 
 
 
 
 
 
                                                                                                                                                                DOI: 10.3303/CET23106168 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Paper Received: 09 March 2023; Revised: 15 July 2023; Accepted: 30 September 2023 
Please cite this article as: Wang F., Azhar N.N., Cheok C.Y., Ang C.K., Yeap S.P., 2023, A Mini Review on the Development of Graphene and 
Polyaniline-Based Nano-Sensor for Pollutant Detection, Chemical Engineering Transactions, 106, 1003-1008  DOI:10.3303/CET23106168 
  

 CHEMICAL ENGINEERING TRANSACTIONS  
 

VOL. 106, 2023 

A publication of 

 
The Italian Association 

of Chemical Engineering 
Online at www.cetjournal.it 

Guest Editors: Jeng Shiun Lim, Nor Alafiza Yunus, Peck Loo Kiew, Hon Huin Chin 
Copyright © 2023, AIDIC Servizi S.r.l. 
ISBN 979-12-81206-05-2; ISSN 2283-9216 

A Mini Review on the Development of Graphene and 
Polyaniline-Based Nano-Sensor for Pollutant Detection 

Fei Wanga, Nurul N. Azhara, Choon Y. Cheoka, Chun K. Anga, Swee Pin Yeapa,b,* 
aDepartment of Chemical & Petroleum Engineering, Faculty of Engineering, Technology and Built Environment, UCSI  
 University, Taman Connaught, 56000, Cheras, Kuala Lumpur, Malaysia 
bUCSI-Cheras Low Carbon Innovation Hub Research Consortium, Kuala Lumpur, 56000, Malaysia 
 yeapsw@ucsiuniversity.edu.my   

Along with industrial development, the demand for robust and portable sensors has been increasing over the 
past decade. Notably, current research has paid great attention on the design of miniature sensor based on 
nanoparticles. Graphene and polyaniline (PANI) are the two nanoparticles receiving intense research interest 
in this study field owing to their unique electrically conductive property. Fundamentally, the detection of pollutant 
using either graphene or PANI is following two simple steps, namely the exposure of the nano-sensor to the 
pollutant-containing environment, and monitoring of the change in electrical conductance of the nano-sensor. In 
this review, current application of graphene, PANI, and their nanocomposites on the detection of different types 
of pollutants was revisited. The latest developments regarding the nanoparticles, substrate, pollutant type, 
fabrication method, and performances were summarized and compared. Based on the summarized information, 
future directions in further advancing the application of these nano-sensors in the industry were proposed. 

1. Introduction 
Air pollution and water pollution have been persistent environmental issues happening over the whole world. 
Owing to this, the needs to monitor the concentration of various pollutants in the environment has been 
increasing along with industrialization. The common hazardous pollutants requiring monitoring include NH3 
(Yang et al., 2021), NO2 (Yuan et al., 2022), CO2 (Kanaparthi and Singh, 2019), CH4 (Shaalan et al., 2019), 
acetone (Xu et al., 2020), H2S (Park et al., 2020), H2 (Drmosh et al., 2019), humic acid (Yeap et al., 2020), 
methylene blue (Zhao et al., 2019), microalgae (Oloketuyi et al., 2020). Such pollutants not only affect the air 
and water qualities, but also cause negative impacts on human health when being inhaled or consumed. In 
specific, excessive H2S in the air can cause negative health effects, such as eye irritation, loss of smell, 
pulmonary edema, and loss of respiration (Aguilar-Dodier et al., 2020). On the other hand, consuming water 
contaminated with humic acid might lead to peripheral vasculopathy of blackfoot disease (Hseu et al., 2014). 
Thus, the detection and monitoring of various air and water pollutants are of great importance in protecting the 
environment as well as human health.  
Various methods have been employed for detection of the aforementioned pollutants, such as gas 
chromatography (GC) (Sullivan et al., 2020), high-performance liquid chromatography (HPLC) (Hameedat et 
al., 2022), capillary electrophoresis (CE) (Roychoudhury et al., 2020), UV-vis spectrophotometry (Drašnar et al., 
2019). However, those methods require costly and bulky equipment with complicated procedures which are not 
suitable for in-situ or online detection. Hence, it is imperative to develop simple, practical, and economic methods 
to ease the pollutant detection process. One of the possible strategies is to use conductive nanoparticles to 
detect the pollutant concentration based on the change of nanoparticle resistance. The tiny size of the 
nanoparticles enables further miniaturization of the sensor besides offering the advantage of being light-weight. 
Among electrically conductive nanoparticles, polyaniline (PANI) has been widely studied due to its unique 
properties, such as easy preparation, good stability, and excellent electrical conductivity which have been 
proven in various electrical devices and sensor applications (Zhang et al. 2017). On the other hand, reduced 
graphene oxide (rGO) is a novel two-dimensional nanoparticle. It contains more adsorption sites because of the 
oxygen functional groups attached on the graphene nanosheets (Zhang et al., 2019).  
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This mini review aims to revisit the current development on the application of PANI, rGO, and their 
nanocomposites to detect various pollutants. The state of art of the pollutant-detecting nano-sensor is discussed 
from the aspects of nanoparticles, substrate, pollutant type, fabrication method, and performances (including 
the response, selectivity, response time, and recovery time). In the end, this mini review provides suggestions 
on future research directions. 

2. Application of nano-sensor for pollutant detection 
The idea of using electrically conductive nanoparticles for pollutants detection involves a straightforward 
concept, whereby the attachment of pollutant molecules onto the nanoparticles will change their conductance. 
Accordingly, the amount of pollutant in the targeted medium can be determined via the extent of change of the 
conductance value. The commonly used electrically conductive nanoparticles and their nanocomposites include 
pure PANI (Kroutil et al., 2018), PANI/SrGe4O9 (Zhang et al., 2020), graphene oxide (Chen et al., 2019), 
metal/graphene (Zhao et al., 2016), graphene (Song et al., 2017), fluorinated graphene oxide (Park et al., 2016), 
PANI/graphene (Hakimi et al., 2018), graphene oxide/PANI (Moshayedi et al., 2020), and rGO/PANI (Bai et al., 
2015). Table 1 provides the summary of recent works on the application of nano-sensor based on PANI and its 
nanocomposites for detection of various pollutants. Meanwhile, Table 2 provides the summary of recent works 
on the application of nano-sensor based on graphene and its nanocomposites. Based on Table 1 and Table 2, 
the common substrates can be categorized into rigid type (e.g. glass, copper, silicon) and flexible type (e.g. 
cotton cloth, polyethylene terephthalate, polyimide). The pollutant being mostly studied is gas type (e.g. NH3) 
instead of liquid type. It was also found that the performance of the sensor varies by the pollutant type as well 
as the structure of the nano-sensor. 
As shown in Figure 1, Stanford et al. (2019) fabricated a laser-induced graphene (LIG)-based flexible gas sensor 
which can be embedded into cement to form a refractory composite material; this sensor is responsive to various 
types of gases including CO2, Ar, He, and air. Based on Figure 1(c), LIG-based gas sensor exhibited a highest 
ΔR/Ro (%) towards He, following with air, CO2, and Ar.  

 

Figure 1: Image of (a) LIG-based gas sensor on polyimide substrate, (b) LIG sensor embedded in cement, and 
(c) ΔR/Ro (%) of LIG-based gas sensor towards various gases (Reprinted with permission from Stanford et al. 
(2019). Copyright (2019). American Chemical Society)   

Bai et al. (2015) have developed a rGO-PANI nanocomposite for NH3 detection. The nanocomposite was loaded 
onto flexible PET films. Comparison was done between PANI-PET films and rGO-PANI-PET films by exposing 
both types of sensor to NH3 (10–100 ppm) at room temperature. Results showed that at 100 ppm of NH3, the 
sensing response of PANI-PET film was 6.7 while the highest sensing response was up to 344.2 for rGO-PANI 
(1.0 wt% of rGO)-PET film. Such sensing response of rGO-PANI (1.0 wt% of rGO)-PET film was 51 times better 
than that of the PANI-PET film. Apparently, the hybrid of PANI and rGO has offered a synergistic improvement 
on the sensing properties. One possible reason is the electron transfer between PANI and rGO via π-π interaction 
during the sensing process which enhances the response of the hybrid sensor. Based on their study, the 
optimum amount of rGO in rGO-PANI hybrid was 1.0 wt%.    
In addition, Hakimi et al. (2018) studied an NH3 nano-sensor fabricated with a hybridization of PANI and 
nitrogen-doped graphene quantum dots. They also utilized two types of metals which were Ag and Al to serve 
as electrodes of the sensing films. Furthermore, they studied the sensing response of 50 wt% nitrogen-doped 
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graphene quantum dots/PANI sensors with Ag and Al electrodes under various NH3 concentration. The results 
showed that the sensing response increased with the increasing NH3 concentration from 10 ppm to 1500 ppm. 
This is because the amount of the molecules attaching onto the sensing site of the film increased with the 
increasing concentration of the gas (Sengupta et al., 2006). On the other hand, by comparing the Al electrode 
and the Ag electrode, it shows that the nano-sensor with Ag electrode exhibited a better sensing response to 
NH3. This is due to the ohmic junction between the sensing film and the Ag electrode which promotes the 
sensing effect.  

Table 1: Summary of the recent works on the application of nano-sensor based on PANI and its nanocomposites 
for the detection of various types of pollutant 

Nanoparticles  Substrate Pollutant Methods Performance Reference 
Pure PANI 100 % cotton 

cloth 
NH3 Dip coat • An increase in electrical 

resistance of the PANI-
modified cotton was 
detected when the NH3 
concentration was increased 
from 25 to 100 ppm.  

(Swe et al., 
2018) 

PANI/N-GQDs 
(nitrogen-doped 
graphene 
quantum dots) 

Polyethylene 
terephthalate 
(PET) 

NH3 Drop-cast  
PANI and N-GQDs 
were hybridized 
and served as the 
sensing film.  

• The sensor of (50 wt%) 
PANI/N-GQDs with Ag 
electrode exhibited the 
highest sensing response of 
110.92 to 1500 ppm NH3 
under room temperature.  

(Hakimi et 
al., 2018) 

PANI/MWCNT 
(multi-walled 
carbon 
nanotubes) 

Polypropylene 
fabric 

NH3 Spray coat • The response and the 
recovery time of the nano-
sensor were 9 s and 30 s. 

• The sensing response 
increased slowly from 24 to 
44 °C, then gradually 
decreased with further 
increasing temperature. 

(Maity and 
Kumar, 
2018) 

PANI/DBSA 
(Dodecyl benzene 
sulphonic acid) 

Prefabricated 
interdigitated Pt 
patterned glass 

NH3 Spin coating • The response time and 
recovery time of 
PANI/DBSA sensor towards 
300 ppm of NH3 are 6 s and 
37 s . 

(Yadav et 
al., 2019) 

PANI/Cu-BTC 
(copper (II)- 
benzene-1,3,5- 
tricarboxylate) 

Quartz crystal 
microbalance 
(QCM) 

H2 Intense pulsed light 
(IPL) 
 

• The response of PANI/Cu-
BTC sensor is 5.2 times 
higher than the one of Cu-
BTC sensor towards 40 to 
160 ppm of H2. 

(Abuzalat 
et al., 
2019) 

PANI/SnO2, 
PANI/TiO2, 
PANI/CNT 
(carbon 
nanotubes) 

Flexible PCB 
substrate Kapton 

NH3, 
CO2, O2, 
NO2 

Direct deposition 
using micropipette 

• PANI/SnO2 and PANI/TiO2 
indicate a lower sensitivity to 
NH3, but with complete 
reversibility. On the other 
hand, PANI/CNT has the 
lowest sensitivity to NH3. 

(Kroutil et 
al., 2018) 

PANI/SrGe4O9 Polyimide NH3 In situ chemical 
oxidation 
polymerization 
process 

• Long-term stability of the 
flexible PANI/SrGe4O9 
nanocomposite sensor 
towards 0.2 ppm and 2 ppm 
of NH3 was recorded over a 
period of 28 d. 

(Zhang et 
al., 2020) 
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Table 2: Summary of the recent works on the application of nano-sensor based on graphene and its 
nanocomposites for the detection of various types of pollutant 

Nanoparticles  Substrate Pollutant Methods Performance Reference 
Graphene Copper NH3 Direct growth 

Low pressure 
chemical vapour 
deposition (CVD) 

• NH3 concentration was 
analysed from 200 to 
12,500 ppm. 

• The sensitivity of 
monolayer graphene was 
higher than the one of the 
stacking one. 

(Song et 
al., 2017) 

Ti/Graphene p-type silicon 
substrate 

NH3 Direct growth 
Chemical vapour 
deposition (CVD) 

• NH3 concentration was 
analysed from 20 to 400 
ppm. 

• Visible light illumination 
resulted in significant 
increase in sensitivity but 
shortened their 
corresponding recovery 
time. 

(Zhao et 
al., 2017) 

Au/graphene, 
Ag/graphene, 
Pt/graphene, 
Pd/graphene, 
Ti/graphene, 
Al/graphene, 
graphene 

p-type silicon 
substrate 

NO2 Direct growth 
Chemical vapour 
deposition (CVD) 

• Pt/graphene device was 
outstanding among all 
devices. 

• It was found that all of the 
fabricated sensors (except 
Ti/graphene) experienced 
saturation in sensitivity at 
NO2 concentration > 2 
ppm. 

(Zhao et 
al., 2016) 

Fluorinated 
graphene oxide (GO) 

SiO2/Si wafer NH3 Drop cast • Fluorination improved the 
sensitivity of GO-based 
gas sensors. This is 
because the fluorine on 
GO surface enhanced the 
interaction with NH3.  

• NH3 concentration was 
analysed from 100 to 
1,000 ppm. 

(Park et 
al., 2016) 

Reduced graphene 
oxide (rGO) 

Polyethylene 
terephthalate 
(PET) 

Isoprene 
and 
hydrothion 

Electrochemical-
assisted deposition 
(ECAD) 

• It was found that the 
graphene film’s thickness 
can affect the sensor’s 
sensitivity.   

(Chen et 
al., 2019) 

3. Conclusions and future outlooks 
In this review, recent progress in the development of PANI-based and graphene-based nano-sensors for various 
pollutant detection has been introduced along with the nanoparticles, substrate, pollutant type, fabrication 
method, and performances. Compared to the abundant research on gaseous pollutants, study on water-based 
pollutants (such as humic acid, heavy metal ions, microalgae, and dyes) is limited (Table 3) and deserves more 
attention from the researchers. The main challenge associated with the detection of water-based pollutant using 
nano-sensors could be the potential disruption of the electrical conductance by the water molecules. In particular, 
to what extent is the sensitivity and consistency of the sensor under liquid condition is still open for investigation. 
On the other hand, current research direction has shifted from rigid substrate-based sensor to flexible substrate-
based sensor (such as polyimide, polyethylene terephthalate, and polyethylene naphthalate) for the potential 
application in wearable devices. In this regard, the type of flexible substrate as well as the binding strength of 
the nanoparticles on the substrate are worthy of exploration. Besides graphene and PANI, other emerging 2-
dimensional nanoparticles with unique conductive properties (such as MXene and borophene) are also 
promising sensing materials which deserve further study. 
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Table 3: The total numbers of research articles documented as of Nov 18, 2022 

Keyword  Total research articles 
(graphene OR PANI) AND (gas) AND (sensor) 203 
(graphene OR PANI) AND (humic acid) AND (sensor) 0 
(graphene OR PANI) AND (heavy metal ions) AND (sensor) 3 
(graphene OR PANI) AND (microalgae) AND (sensor) 0 
(graphene OR PANI) AND (dye) AND (sensor) 8 
Data sources: https://www.sciencedirect.com/ 

Acknowledgments 

This project is funded by the Ministry of Higher Education Malaysia through Fundamental Research Grant 
Scheme (FRGS) with project code FRGS/1/2020/TK0/UCSI/03/3.  

References 

Abuzalat O., Wong D., Park S.S., Kim S., 2019, High-performance, room temperature hydrogen sensing with a 
Cu-BTC/polyaniline nanocomposite film on a quartz crystal microbalance, IEEE Sensors Journal, 19(13), 
4789–4795. 

Aguilar-Dodier L.C., Castillo J.E., Quintana P.J., Montoya L.D., Molina L.T., Zavala M., Almanza-Veloz V., 
Rodríguez-Ventura J.G., 2020, Spatial and temporal evaluation of H2S, SO2 and NH3 concentrations near 
Cerro Prieto geothermal power plant in Mexico, Atmospheric pollution research, 11(1), 94–104. 

Bai S., Zhao Y., Sun J., Tian Y., Luo R., Li D., Chen A., 2015, Ultrasensitive room temperature NH3 sensor 
based on a graphene–polyaniline hybrid loaded on PET thin film, Chemical Communications, 51(35), 7524–
7527. 

Chen Q., Liu D., Lin L., Wu J., 2019, Bridging interdigitated electrodes by electrochemical-assisted deposition 
of graphene oxide for constructing flexible gas sensor, Sensors and Actuators B: Chemical, 286, 591–599. 

Drašnar P., Zoubek M., Chábera P., Havel J., Hlavín P., 2019, Contactless detection of contaminants by UV-
VIS luminescence spectroscopy, Materials Science Forum, 952, 323–329. 

Drmosh Q.A., Hendi A.H., Hossain M.K., Yamani Z.H., Moqbel R.A., Hezam A., Gondal M.A., 2019, UV-
activated gold decorated rGO/ZnO heterostructured nanocomposite sensor for efficient room temperature 
H2 detection, Sensors and Actuators B: Chemical, 290, 666–675. 

Hakimi M., Salehi A., Boroumand F.A., Mosleh N., 2018, Fabrication of a room temperature ammonia gas sensor 
based on polyaniline with N-doped graphene quantum dots, IEEE Sensors Journal, 18(6), 2245–2252. 

Hameedat F., Hawamdeh S., Alnabulsi S., Zayed A., 2022, High performance liquid chromatography (HPLC) 
with fluorescence detection for quantification of steroids in clinical, pharmaceutical, and environmental 
samples: A review, Molecules, 27(6), 1807. 

Hseu Y.C., Senthil Kumar K.J., Chen C.S., Cho H.J., Lin S.W., Shen P.C., Lin C.W., Lu F.J., Yang H.L., 
2014, Humic acid in drinking well water induces inflammation through reactive oxygen species generation 
and activation of nuclear factor-κB/activator protein-1 signaling pathways: A possible role in atherosclerosis, 
Toxicology and Applied Pharmacology, 274(2), 249–262. 

Kanaparthi S., Singh S. G., 2019, Chemiresistive sensor based on zinc oxide nanoflakes for CO2 detection, 
ACS Applied Nano Materials, 2(2), 700–706. 

Kroutil J., Laposa A., Voves J., Davydova M., Nahlik J., Kulha P., Husak M., 2018, Performance evaluation of 
low-cost flexible gas sensor array with nanocomposite polyaniline films, IEEE Sensors Journal, 18(9), 3759–
3766. 

Maity D., Kumar R.T.R., 2018, Polyaniline anchored MWCNTs on fabric for high performance wearable 
ammonia sensor, ACS sensors, 3(9), 1822–1830. 

Moshayedi H.R., Rabiee M., Rabiee N., 2020, Graphene oxide/polyaniline-based multi nano sensor for 
simultaneous detection of carbon dioxide, methane, ethanol and ammonia gases, Iranian Journal of 
Chemistry and Chemical Engineering, 39(3), 93–105. 

Oloketuyi S., Mazzega E., Zavašnik J., Pungjunun K., Kalcher K., De Marco A., Mehmeti, E., 2020, 
Electrochemical immunosensor functionalized with nanobodies for the detection of the toxic microalgae 
Alexandrium minutum using glassy carbon electrode modified with gold nanoparticles, Biosensors and 
Bioelectronics, 154, 112052. 

Park K.R., Cho H.B., Lee J., Song Y., Kim W.B., Choa Y.H., 2020, Design of highly porous SnO2-CuO nanotubes 
for enhancing H2S gas sensor performance, Sensors and Actuators B: Chemical, 302, 127179. 

Park M.S., Kim K.H., Kim M.J., Lee Y.S., 2016, NH3 gas sensing properties of a gas sensor based on fluorinated 
graphene oxide, Colloids and Surfaces A: Physicochemical and Engineering Aspects, 490, 104–109. 

1007

https://www.sciencedirect.com/


Roychoudhury A., Francis K.A., Patel J., Jha S.K., Basu S., 2020, A decoupler-free simple paper microchip 
capillary electrophoresis device for simultaneous detection of dopamine, epinephrine and serotonin, RSC 
advances, 10(43), 25487–25495. 

Shaalan N.M., Hamad D., Saber O., 2019, Co-evaporated CuO-doped In2O3 1D-nanostructure for reversible 
CH4 detection at low temperatures: structural phase change and properties, Materials, 12(24), 4073. 

Song H., Li X., Cui P., Guo S., Liu W., Wang X., 2017, Sensitivity investigation for the dependence of monolayer 
and stacking graphene NH3 gas sensor, Diamond and Related Materials, 73, 56–61. 

Stanford M.G., Yang K., Chyan Y., Kittrell C., Tour J.M., 2019, Laser-induced graphene for flexible and 
embeddable gas sensors, ACS Nano, 13(3), 3474–3482. 

Sullivan G. L., Gallardo J. D., Jones E. W., Hollliman P. J., Watson T. M., Sarp S., 2020, Detection of trace sub-
micron (nano) plastics in water samples using pyrolysis-gas chromatography time of flight mass 
spectrometry (PY-GCToF), Chemosphere, 249, 126179. 

Swe M.M., Eamsa-ard T., Kerdcharoen T., 2018, Fabrication of polyaniline coated conductive cotton for 
ammonia gas detection, MATEC Web of Conferences, 192, 02036. 

Xu Y., Zheng L., Yang C., Liu X., Zhang J., 2020, Highly sensitive and selective electronic sensor based on Co 
catalyzed SnO2 nanospheres for acetone detection, Sensors and Actuators B: Chemical, 304, 127237. 

Yadav A., Kumar J., Shahabuddin M., Agarwal A., Saini P., 2019, Improved ammonia sensing by solution 
processed dodecyl benzene sulfonic acid doped polyaniline nanorod networks, IEEE Access, 7, 139571–
139579. 

Yang M., Au C., Deng G., Mathur S., Huang Q., Luo X., Xie G., Tai H., Jiang Y., Chen C., Cui Z., Liu X., He C., 
Su Y., Chen J., 2021, NiWO4 microflowers on multi-walled carbon nanotubes for high-performance NH3 
detection, ACS Applied Materials & Interfaces, 13(44), 52850–52860. 

Yeap S.P., Logeswaran A., Thaanby L.S., Low Y.C., Kow K.W., 2020, Synthesis of polyaniline for water 
remediation and evaluating its feasibility to be reused as electrical conductor, International Journal of 
Nanoelectronics & Materials, 13, 35–46. 

Yuan Z., Zhao Q., Xie C., Liang J., Duan X., Duan Z., Li S., Jiang Y., Tai H., 2022, Gold-loaded tellurium 
nanobelts gas sensor for ppt-level NO2 detection at room temperature, Sensors and Actuators B: Chemical, 
355, 131300. 

Zhang C., Govindaraju S., Giribabu K., Huh Y.S., Yun K., 2017, AgNWs-PANI nanocomposite based 
electrochemical sensor for detection of 4-nitrophenol, Sensors and Actuators B: Chemical, 252, 616–623. 

Zhang D., Wu Z., Zong X., 2019, Flexible and highly sensitive H2S gas sensor based on in-situ polymerized 
SnO2/rGO/PANI ternary nanocomposite with application in halitosis diagnosis, Sensors and Actuators B: 
Chemical, 289, 32–41. 

Zhang Y., Zhang J., Jiang Y., Duan Z., Liu B., Zhao Q., Wang S., Yuan Z., Tai H., 2020, Ultrasensitive flexible 
NH3 gas sensor based on polyaniline/SrGe4O9 nanocomposite with ppt-level detection ability at room 
temperature, Sensors and Actuators B: Chemical, 319, 128293. 

Zhao D., Liu X., Wei C., Qu Y., Xiao X., Cheng H., 2019, One-step synthesis of red-emitting carbon dots via a 
solvothermal method and its application in the detection of methylene blue, RSC advances, 9(51), 29533–
29540. 

Zhao M., Dong F., Yan L., Xu L., Zhang X., Chen P., Song Z., Chu W., 2016, High efficiency room temperature 
detection of NO2 gas based on ultrathin metal/graphene devices, RSC advances, 6(87), 84082–84089. 

Zhao M., Yan L., Zhang X., Xu L., Song Z., Chen P., Dong F., Chu W., 2017, Room temperature NH3 detection 
of Ti/graphene devices promoted by visible light illumination, Journal of Materials Chemistry C, 5(5), 1113–
1120. 

 
 
 

1008


	0168.pdf
	A Mini Review on the Development of Graphene and Polyaniline-Based Nano-Sensor for Pollutant Detection




