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a b s t r a c t 

Aerogels are commonly regarded as soft and versatile materials for multiple applications thanks to their 

features such as elastic behavior, swelling ability and responsive characteristics. In the last decades these 

qualities have ensured them multiple uses in biomedical field as controlled drug delivery systems and 

scaffolds for tissue engineering applications. Recently their employment as sensors has attracted great 

interest especially thanks to their tunability and the possibility to be used as soft material instead of 

conventional and many times unreliable sensors in multiple sensing applications. In this work we syn- 

thetized graphene oxide/polyaniline aerogels by in situ chemical polymerization of aniline monomer in 

aqueous dispersion of graphene oxide sheets. We characterized the system through chemical and me- 

chanical analysis, and we its responsivity as gas sensing device was verified. Moreover, we investigated 

the influence of the encapsulation of graphene nanoplatelets on the responsive ability of the device. The 

addition of the graphene moieties improves the conductivity of the system, its compressive mechanical 

resistance and the applicability of these devices as gas sensors. 

© 2021 The Author(s). Published by Elsevier Ltd. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

Aerogels are commonly identified as three-dimensional net- 

ork made of polymeric chains, with unique features, includ- 

ng hydrophilicity, swelling behavior, softness, tunability and mi- 

ro/nanosized pores [ 1 , 2 ]. The combination of these characteristics 

uarantees to aerogel networks great flexibility and the possibility 

o employ them in various fields such as drug delivery, tissue engi- 

eering and sensing applications [3–5] . Indeed one of the greatest 

haracteristics of aerogels structures is their ability in responding 

o external stimuli thanks to their swelling behavior and great per- 

eability that make them ideal candidates in sensing applications 

5] . 

Despite the dissemination and the interest that nowadays aero- 

els have gained, conventional aerogels-based sensors still present 

n many cases limitations that restrict the range of their possi- 

le applications [6] . For example, certain aerogels formulations are 

echanically weak, or they do not present considerable electri- 

al conductivity or optical properties: this inevitably strongly re- 

tricts their possible engineering usages. Because of this, in the 

ast two decades various strategies have been developed, in or- 
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er to improve the characteristics of aerogels framework, such as 

he development of double network aerogel or the incorporation 

f nanocomposites moieties in the system [ 7 , 8 ]. A very interesting 

trategy in this context is represented by the possibility to syn- 

hetize graphene composite aerogel with the aim to combine the 

xceptional properties of graphene with the well-known features 

f aerogel framework [9] . In fact, graphene and graphene deriva- 

ives (e.g. graphene oxide) have been widely studied in combi- 

ation with polymers for the synthesis of aerogel with enhanced 

roperties, in term of mechanical behavior and electrical conduc- 

ivity [10] . Graphene is commonly defined as a two-dimensional 

ingle layer of carbon atoms with a hexagonal structure and hy- 

ridized sp 

2 orbitals. In this work we focused on graphene oxide 

GO), which is usually obtained from graphite through oxidative 

xfoliation using strong oxidants and acids [11] . 

Because of this, GO is commonly characterized by structural de- 

ects in its orbital and functionalized with various groups such as 

poxides or carboxylic groups. 

The presence of these oxygen-containing groups favors the GO 

queous dispersion and make this compound suitable for combi- 

ation with polymeric chains and aerogel synthesis [ 11 , 12 ]. As a 

onsequence of this, various graphene-based materials reported in 

iterature have been obtained working with GO [13] . In fact, its 

hemical structure guarantees in the final composite systems the 
under the CC BY-NC-ND license 
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resence of oxygenated functional groups and a hydrophobic basal 

lane which can represent the ideal substrate for molecular inter- 

ctions with both small and big molecules. The proper combina- 

ion of GO with polymeric chains or materials of different nature 

etermine the possibility to exploit interactions of different na- 

ure (e.g. van der Waals, hydrophobic or electrostatic interactions) 

o encapsulate or capture specific molecules [14] . Moreover, in the 

ontext of interest of this work, it should be noted that in specific 

onditions, such as low pH, high GO concentration ( > 4 mg/ml) 

nd with large size GO sheets, GO can assemble to form a gel [15] .

his can be obtained thanks to the reduction of repulsive forces 

etween GO sheets obtained through the acid environment, where 

he carboxylic groups of GO become protonated and neutral. With 

he final aim to improve reproducibility and electrical conductivity 

ogether with mechanical properties we focused our attention to in 

itu polymerization of conductive aniline monomers in a GO solu- 

ion to obtain gels (GO-PANI AG) [16] . The electrical characteristics 

f this kind of soft materials can be strongly influenced by their in- 

eractions with the external environment, especially in case of the 

resence of gas due to doping or dedoping process or adsorption 

f the molecule in the framework. Our aim was to obtain a final 

ystem with responsive characteristics when in contact with spe- 

ific gaseous compounds. The interactions between the synthetized 

aterial and the gas and the subsequent response in its electrical 

ehavior can be easily measured and used for gas detection. As 

eported in similar works already available in literature [16] , the 

ain limitation of the use of this soft materials in sensing appli- 

ations resides in their poor mechanical properties that limits so 

heir use. 

In this direction here we studied the possibility to improve 

he aerogel performances encapsulating within the 3D network 

raphene nanoplatelets (GO-PANI AG + NPLS) that showed impor- 

ant improvement in the mechanical stability of the gel and were 

ble to ameliorate its sensing features. 

. Materials and methods 

.1. Materials 

Graphene oxide dispersion (10 mg/ml) was purchased from 

Ographene, trading name of William Blyte Limited (Harlow, Essex, 

ngland). The graphene oxide sheets were analyzed by the supplier 

hrough atomic force microscopy, the lateral dimensions measured 

ere variable, with most sheets showing at least one lateral di- 

ension greater than 5 μm. The sheet depth recorded was smaller 

han 2 nm, while for single graphene oxide sheets, the expected 

heet depth is 1 nm, indicating that the graphene oxide analyzed 

ere is no more than 2 sheets tall. Graphene nanoplatelets (pu- 

ity: 99%, size: 3 nm) were bought from Nanografi Nanotechnol- 

gy AS (Ankara, Turkey). Aniline and ammonium persulfate were 

ought from Sigma-Aldrich (Sigma-Aldrich Chemie GmbH, Deisen- 

ofem, Germany). All other used chemicals were bought from 

igma-Aldrich (Sigma-Aldrich Chemie GmbH, Deisenhofem, Ger- 

any). The materials were used as received; solvents were of ana- 

ytical grade. 

.2. Synthesis of graphene oxide-polyaniline composite aerogels 

The composite aerogels made of graphene oxide and polyaniline 

ere synthetized through in situ polymerization of aniline in GO 

ispersions [17] . Two different aqueous solutions were prepared: 

he aniline solution (100 μl/ml) was added dropwise in graphene 

xide solution (7 mg/ml) to promote excellent mixing of the sys- 

em. Then a solution of hydrochloric acid (1 ml, 1 M) was added 

o the system to promote the activation of aniline and finally am- 

onium persulfate, as oxidant agent, was added to guarantee the 
2 
ormation of the network. The aerogels were obtained through 

yophilization and then characterized. Various ratio between ani- 

ine and graphene oxide were prepared and tested and employed 

1:1, 1:2, 1:5); finally the optimal stability was obtained with the 

atio 1:2.5. 

.3. Synthesis of graphene oxide-polyaniline composite aerogels with 

raphene nanoplatelets 

The synthesis of graphene oxide-polyaniline composite aerogels 

ith graphene nanoplatelets was obtained with a method similar 

o the one previously presented. Briefly, after the mixing of aniline 

olution (100 μl/ml) with graphene oxide one (7 mg/ml) and the 

ddition of hydrochloric acid (1 ml, 1 M), graphene nanoplatelets 

with a ratio 2:1 respect to graphene oxide) were added in the sys- 

em under vigorous stirring to promote their homogenous disper- 

ion. 

Then after some minutes, ammonium persulfate was added to 

romote the formation of the framework with the encapsulation 

f the nanoplatelets inside it. The aerogels were obtained through 

yophilization and then characterized. 

.4. Materials characterization 

Various analyses and characterization were performed on the 

ynthetized materials. First of all, the inner framework of the sys- 

em was investigated with scanning electron microscope (SEM) to- 

ether with X-ray diffraction (XRD). SEM analyses were realized 

sing a Zeiss Evo50 with EDS Bruker Quantax 200, while XRD 

attern were obtained with Philips X-ray diffractometer model 

W1830 (K α1Cu = 1.54058 Å). Moreover, the materials were 

hemically characterized with attenuated total reflection (ATR) 

nalysis, using a Varian 640-IR spectrometer from Agilent Tech- 

ologies. Spectra were collected at room temperature under dry 

itrogen atmosphere in the 40 0–40 0 0 cm-1 wavenumber range, 

ith an average of 64 repetitive scans to guarantee a good signal- 

o-noise ratio and high reproducibility. 

.5. Mechanical analysis 

In order to mechanically characterize the synthetized materials, 

e employed an Anton Paar MCR 702 TwinDrive Rheometer/DMA 

nstrument, equipped with two parallel plate (50 mm lower L - 

P50/TD/TS a 25 mm upper PP25) and a convection temperature 

evice (CTD 180, Anton Paar). The tests were conducted on freeze- 

ried samples, with cylindrical shape (diameter = 9 mm, thick- 

ess = 5 mm). The samples were placed between the compression 

lates and a preload of 0.03 N was applied. Two different analy- 

es were performed, at 20 °C: first of all, monotonic quasi-static 

niaxial compression tests were carried out, applying a constant 

rosshead speed of 1 mm min 

−1 until a 70% strain was reached 

nd compressive stress-strain curves were obtained. Then, the vis- 

oelastic behavior of the materials was investigated in compres- 

ion mode. During the test the sample was subjected to an oscilla- 

ory compression (frequency = 1 Hz) sweep, varying the strain in 

he range 0.1–10%. Storage and loss modulus trends were obtained 

rom this test, so to evaluating the elastic and viscous contribution 

o the mechanical behavior of the materials under investigation. 

.6. Gas sensing tests 

A small piece for each analyzed aerogel was fixed over interdig- 

tated gold electrodes (Dropsens, Spain). 

The whole system was left to rest for some minutes, monitoring 

ts resistance value to verify the absence of significant variations, 

nd then it was inserted in a cylindric chamber (approximately 
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3 of volume) with gaseous cyclohexane, used as model 

f volatile organic compound, with a concentration of 10 0 0 ppm. 

aseous phase of cyclohexane was obtained through the evapora- 

ion of the corresponding liquid compound. The resistance values 

ere observed at different time points, and they have been plotted 

s normalized values respect to the initial value using the follow- 

ng formula: 

 R t = 

R t − R 0 

R 0 

(5) 

here NR t represents the normalized value of the resistance at 

ime t, R t is the corresponding absolute value at time t and R 0 is 

he absolute value of resistance at the initial time. Various tests 

ere conducted. First, we investigated the responsivity of the sen- 

or in the first seconds of gas exposure. The sensor was exposed 

0 s to gas and its electrical resistance value was continuously 

onitored to see its behavior in this initial phase. Then we inves- 

igate what happens to the sensor if we expose it for 5 min to gas 

nd its response was measured at the end of this time span, then 

t was left in air to monitor the changes in its electrical parameters 

n this new condition after the exposure. Finally, a prolonged expo- 

ure of the sensor to gas was performed to investigate the behavior 

f the sensor when exposed for larger time to gas environment. 

. Results and discussion 

.1. Aerogels formation and characterization 

As widely reported in literature, aniline can be easily poly- 

erized through conventional chemical oxidative polymerization, 

orking with a strong acid solution, and initiated by adding an ox- 

dant (in this case ammonium persulfate) [ 18 , 19 ]. The redox reac- 

ion between aniline and APS guarantees the formation of aniline 

adicals that, in an acid environment, rearrange to form a para- 

oupled structure resulting in an emeraldine salt, characteristic of 

olyaniline [20] . The acidic environment is in this case pivotal to 

romote the acid doping process of polyaniline which is the key 

lement to obtain the conductive form of the polymer. If the poly- 

erization is carried out in a concentrated graphene oxide disper- 

ion, as the case of the present work, an aerogel can be formed 

ith polyaniline that is arranged between the sheets of graphene 

nd guarantees the formation of the three-dimensional network. In 

act, GO sheets are widely recognized as 2D polyelectrolytes, with 

egative charges at their edges and defects on their basal planes 

9] . Because of this, during polymerization the nucleation of posi- 

ively charged PANI chains take place on the surface of GO sheets 

nd this process weakens the electrostatic repulsion force of the 

raphene oxide moieties. The addition of graphene nanoplatelets 

ccur before the addition of the oxidant, so that they are dispersed 

n the solution and the gelification process guarantees their encap- 

ulation inside the framework. In Fig. 1 we reported the schemati- 

ation of the synthesis of the aerogels (a) as reported in Materials 

nd Methods section together with the chemical structure of the 

ramework (b) and an example of the gel layer over the interdig- 

tated electrode (c). Considering GO-PANI framework, the carboxyl 

roups of graphene oxide sheets react with the chains of polyani- 

ine, resulting in the formation of the 3D network. In fact, as al- 

eady mentioned, the gelification process is favored by the positive 

harges of polyaniline, that reduce the negative charges of the oxy- 

enated groups of the graphene and by the possible formation of 

erogen bonds and π- π bonds in the structure. 

SEM analyses of the lyophilized aerogels confirmed the forma- 

ion of a porous framework without the presence of observable 

articles ( Fig. 2 ). Moreover, the inner structure of the gel is not sig- 

ificantly modified by the presence of the graphene nanoplatelets. 

ndeed, no observable differences are visible comparing GO-PANI 
3 
G ( Fig. 2 A, B) with GO-PANI AG + NPLS ( Fig. 2 C, D) underlining

he good dispersion of all the components within the networks. 

The two aerogels formulations were then characterized through 

TR-FTIR analysis and XRD. In the Fig. 3 (a), we reported the spec- 

ra (transmittance [%] versus wavenumber [cm 

−1 ]) of graphene 

anoplatelets (NPLS), polyaniline aerogels (PANI AG), polyani- 

ine – graphene oxide aerogels (GO-PANI AG) and polyaniline –

raphene oxide aerogels with graphene nanoplatelets (GO-PANI 

G + NPLS). Characteristics of the spectra of PANI and of graphene 

anoplatelets can be distinguished in the spectra of GO-PANI aero- 

els with slight variations in intensity and a shift towards higher 

avenumber due to the interaction between PANI and GO. 

This can be observed especially for peaks at ∼1423 cm 

−1 , at- 

ributed to C = N stretching mode of vibration of quinoid units, 

t ∼1100 cm 

−1 , that is attributed to B -NH 

+ = Q stretching (where B 

epresent the benzenoid ring and Q the quinoid ring) and that is a 

easure of the degree of delocalization of electrons, at ∼956 cm 

−1 

nd ∼840 cm 

−1 , related to C 

–H stretching. An increase in the in- 

ensity of the peak at ∼1100 cm 

−1 was observed in the compos- 

te material, possibly caused by the interaction between the π
onded structure of GO and the conjugated structure of PANI [21] . 

n additional wide band for the composite material is observed 

etween 30 0 0 and 340 0 cm 

−1 due to the O 

–H functional groups 

f graphene oxide. Furthermore, we characterized the materials us- 

ng the XRD technique as reported in Fig. 3 (b). The two composite 

aterials showed very similar profiles, with a repeated and similar 

rystalline structure where the addition of graphene nanoplatelets 

oes not change the framework of the system. From XRD spectra 

he presence of organic and inorganic phases are well visible. 

In particular 2 θ = 23.7 ° is assigned to the (200) planes of 

meraldine form of PANI. The high peak at 2 θ = 23.7 ° and the 

lmost disappeared peak at 2 θ = 24.7 ° show that GO sheets are 

niformly coated with PANI network [22] . Furthermore, around 

 θ = 26 ° it is possible to observe the signal related to graphene 

ssociated with the addition of graphene nanoplatelets [ 23 , 24 ]. 

.2. Mechanical analysis of the materials 

Lyophilized GO-PANI AG and GO-PANI + NPLS AG were me- 

hanically analyzed. Compression mechanical tests were performed 

etween 0 and 70% strain and the compressive stress-strain curves 

re reported in Fig. 4 (a). Both the profiles exhibit the typical trend 

or porous materials: in the initial region of the curve a con- 

ned elastic deformation region can be identified with the sub- 

equent plastic deformation region, also defined as densification 

egion [25] . This behavior can be explained considering the pro- 

ressive collapsing of the internal porous structure of the material 

ue to the compression of the specimen that led to a densification 

f the porous structure. Then, it can be observed a higher increase 

n the stress for GO-PANI + NPLS AG compared to GO-PANI AG, 

fter the densification region of the curve. In fact, when the sam- 

le is completely densified, the material exhibits the behavior of a 

on-porous material. 

Comparing the two different formulations, it is well evident 

ow the presence of graphene nanoplatelets inside the framework 

an guarantee an improvement in the compressive mechanical be- 

avior of the material [ 26 , 27 ]. 

Graphene oxide-aniline aerogels and the formulation function- 

lized with graphene nanoplatelets were characterized with an os- 

illatory test, the amplitude sweep. During the test, the deforma- 

ion amplitude is varied while the frequency is maintained con- 

tant [28] . Two parameters were investigated, the elastic or stor- 

ge modulus of a material, concerning the elastic contribution of 

he material, and the loss modulus, related to the viscous contri- 

ution to the whole mechanical behavior of the investigated ma- 

erials [29] . These parameters allow first to determine the limit of 
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Fig. 1. (a) Schematic representation of the synthesis procedure for GO-PANI aerogel (upper scheme) and GO-PANI + NPLS aerogels (lower scheme). (b) Schematization of 

the gel formation between polyaniline chains and graphene oxide sheets (black plane) (c) Representation of the gel framework over the interdigitated gold electrode. 

Fig. 2. SEM images of the lyophilized graphene oxide – polyaniline aerogels (a) and (b) and of graphene oxide – polyaniline aerogels with graphene nanoplatelets (c) and 

(d). Scale bars:( a) and (c) 10 μm, (b) and (d) 2 μm. 
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he linear viscoelastic region (LVE region). The LVE region indicates 

he range in which the E ′ and E ′′ trends exhibit a linear behav- 

or, whereas, after the LVE region a non-linear viscoelastic behav- 

or is observed. Moreover if E ′ > E ′′ in the LVE region the elastic 

ontribution to the mechanical behavior of the material is higher 

han the viscous one, while the opposite case concerns the pre- 

onderant contribution of the viscous behavior over the elastic one 

 28 , 30 ]. 

Considering the E ′ and E ′′ trends reported in Fig. 4 (b), both 

f the investigated materials present E ′ > E ′′ in the LVE region, 

s expected. Moreover, it is well evident how the LVE region for 

he GO-PANI AG is wider respect to the one of GO-PANI + NPLS 

G. The contribution of graphene nanoplatelets in the compressive 

echanical behavior of the obtained porous structure is evident 

y fact that the compressive mechanical strength improved com- 
4 
ared to the GO-PANI AG structures and by DMA it is observable 

 decreasing in the E ′ values when the strain increases caused by 

he higher stiffness of the structure. The viscous contribution to 

he mechanical behavior of both the investigated structures is very 

imilar, as evidenced by the lower values compared to the E ’ ones, 

nd the constant behavior when the strain is increased. 

.3. Gas sensing results 

Various scientific works report the use of conducting poly- 

ers (CPs) as building material to fabricate gas sensors, thanks to 

heir ability in changing some features, especially electrical prop- 

rties, through the chemical or physical interactions with various 

olecules [ 31 , 32 ]. It is well known how higher surface area of the

mployed sensing material, together with reduced thickness of the 
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Fig. 3. (a) ATR – FTIR spectra of NPLS (red line), PANI AG (gray line), GO-PANI AG (black line) and GO-PANI + NPLS AG (blue line). (b) XRD pattern of GO-PANI AG (black 

line) and GO-PANI + NPLS AG (blue line) (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.). 

Fig. 4. (a) Compressive stress-strain curves of the GO-PANI AG (black line) and GO-PANI + NPLS AG (blue line). (b) Amplitude sweep tests results of the GO-PANI AG (black 

rhombuses) and GO-PANI + NPLS AG (blue spheres). The storage modulus ( E ′ ) trends are reported with the filled dots, while the loss modulus ( E ′′ ) ones with the hollow 

ones (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.). 
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hole system, can guarantee higher sensitivity because of a better 

iffusion process of the analyte inside the framework [33] . In the 

resent work we employed lyophilized conducting polymer com- 

osite aerogels as sensing materials with very reduced dimensions 

n the order of 1 mm of thickness. The lyophilized structures of 

he gels resemble the ones of aerogels and the SEM analyses con- 

rmed the porosity of the network that is essential for good inter- 

ctions between the system and the gas. As already discussed, in 

his work we compare the behavior and the response in a cyclo- 

exane environment of two aerogels formulations, reported in the 

revious section, to investigate the influence of the encapsulation 

f graphene nanoplatelets inside the framework of the gel on the 

esponsive ability of these materials. 

It is well known how the electrical conductivity of conduct- 

ng polymers and their composites, including polyaniline, depend 

pon doping agents and protonation of the moieties of the ma- 

erials [34] . As previously discussed, in this work we adopted the 

cid doping process to obtain the emeraldine salt form of PANI. 

his process determines a structural change on the material, with 

ne pair unpaired spin per repeat unit without any alter in the 

umber of the electrons caused by proton induced spin unpaired 

echanism [34] . Moreover, any doping or dedoping process, de- 

ned as the act of adding or removing impurity to a material, 

aking place on the analyzed frameworks can determine an alter- 

tion of the electrical properties of the system. In this case the 
5 
esponse that can be observed after the exposure to gas of these 

aterials can be explained with a doping process on the frame- 

ork of the system. In fact composite GO/polymer aerogel and 

erogel have been reported as valuable gas adsorbents thanks to 

heir porous structure [ 35 , 36 ]. In addition, the system functional- 

zed with nanoplatelets shows enhanced sensitivity with an am- 

lified response in the same time interval. These results are re- 

orted in Fig. 5 , where we compared the polyaniline-graphene 

xide aerogels and the formulation functionalized with graphene 

anoplatelets. In Fig. 5 (a) we reported the focus of the response of 

he sensors in the first 30 s of exposure to gas (range 10–40 s in 

he plot) which are for sure the most important for the sensitiv- 

ty of the device. We observed, from this continuous analysis, the 

ump of the normalized electrical resistance values which is clearly 

ore intense for GO-PANI + NPLS AG. The same behavior is notice- 

ble in Fig. 5 (b) during the 5 min test, where an increase of the 

lectrical resistance variation up to 20% for GO-PANI G and 40% for 

O-PANI + NPLS AG is visible together with their subsequent sta- 

ilization when exposed to air. On the other hand, in Fig. 5 (c) the 

esults of the prolonged exposure of the sensor to gas are reported 

nd even in this case the GO-PANI + NPLS AG presented higher 

esponsivity and higher values of normalized electrical variations 

ere measured. 

In all the cases the higher responsivity of graphene oxide –

olyaniline aerogels with graphene nanoplatelets is clearly visible. 
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Fig. 5. Normalized electrical resistance of (a) GO-PANI AG (black line) and GO- 

PANI + NPLS AG (blue line) respect to time during the first 30 s of exposure to 

gas (time span 10–40 s) (b) GO-PANI AG (black line) and GO-PANI + NPLS AG (blue 

line) respect to time after 5 min exposure to gas and subsequent rest in air (c) GO- 

PANI AG (black line) and GO-PANI + NPLS AG (blue line) respect to time during 

prolonged exposure of the materials to gas (For interpretation of the references to 

color in this figure legend, the reader is referred to the web version of this article.). 
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his behavior can be justified considering the improvement in the 

lectrical properties of the system due to the presence of graphene 

anoplatelets which are well known conductors [ 26 , 27 ]. The im- 

rovement in the conductivity of the system, without varying the 

atio between graphene oxide and aniline, is extremely useful in 

nhancing the response of the sensor thanks to higher values of 
6 
he normalized resistance in face of constant inner framework of 

he device. 

Moreover, during the adsorption of the gas on the composite 

aterial, a localize swelling could occur, which can separate the 

ispersed nanoplatelets in the framework, resulting in an increase 

n the electrical resistance [37] . In the Fig. 5 it is well evident how 

oth materials exhibit the biggest change in the first 300–40 s, 

onfirming the responsivity of the material and the hypothesis of 

he contribution of a doping process in the behavior of the system. 

. Conclusion 

In this work we successfully synthetized and characterized 

olyaniline-graphene oxide aerogels and we functionalized them 

hrough the encapsulation inside the polymeric network of 

raphene nanoplatelets. These devices were mechanically analyzed 

nd their sensitivity as gas sensor devices has been investigated, 

onfirming the potential of these formulations and the improve- 

ent that can be achieved working with more graphene moieties 

n the system both in term of sensing ability and for mechanical 

haracteristics. Because of the results obtained, one of the possi- 

le applications of these devices could be for example as end of 

he service life indicator of the respirator cartridges commonly em- 

loyed in the protection of workers from gas exposure. 
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