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Abstract 

In this study, graphene and poly(methyl methacrylate) 

(GR/PMMA) composite laminates on flexible substrates 

were fabricated for the use in volatile organic compounds 

detection. The CVD-grown graphene on Cu foil was 

transferred on polyethylene terephthalate (PET) sub-

strate by PMMA-assisted wet transfer process. Without 

PMMA removal, the GR/PMMA composite laminates on 

PET were obtained. Graphene and GR/PMMA sensors 

show completely different sensor response to VOC vapors. 

The resistance of graphene sensor decreases, while that of 

GR/PMMA increases upon VOC exposure. The graphene 

and GR/PMMA sensors show the highest magnitude of 

sensor response to dichloromethane. The sensor response 

of the GR/PMMA to acetone, chloroform and benzene are 

greatly suppressed, resulting in the selectivity improve-

ment. The sensor response of graphene can be explained 

in terms of the dielectric constant of VOCs and electron 

hopping effects on defect graphene, while that of the 

GR/PMMA would be attributed to swelling mechanism.  

 

1. Introduction  

Recently, graphene, a perfect two-dimensional structure 

with a one layer of carbon atoms, have been interesting ma-

terials for gas sensor applications, due to its high charge mo-

bility and thermal conductivity, high degree of transparency, 

as well as mechanical flexibility [1–2]. To use the chemical 

vapor deposition (CVD)-grown graphene on Cu foil for the 

device application, the polymer-assisted wet transfer process 

is employed to transfer graphene onto arbitrary substrate. 

However, graphene was degraded according to wrinkles, 

cracks and the residues of the metal and the supporting poly-

mers during transfer process [3]. To overcome this problem, 

utilization of the graphene and supporting polymer composite 

and maximizing their property is a challenge [4-5]. 

In this research, to overcome the transfer issues and ex-

ploring the use of graphene and polymer composites to flexi-

ble device fabrication, graphene and poly(methyl methacry-

late) composite laminates on polyethylene terephthalate 

(PET) substrates was fabricated for volatile organic com-

pounds (VOC) detection. 

 

2. Experimental method 

  The CVD-growth procedure of graphene on Cu foil was 

described elsewhere [6]. In preparing sensor on flexible sub-

strate, graphene was transferred to PET by conventional 

PMMA-assisted wet transfer process. Briefly, PMMA (Mi-

crochem, 950PMMA A6) was spin-coated onto the graphene 

as a supporting layer with a spin speed of 6000 rpm for 300 s. 

The sample was then cured by heating on a hot plate at 100 °C 

for 24 hr. The Cu foil was etched away using a 1 M ferric (III) 

chloride solution. The sample was rinsed in deionized water 

for 10 min. Finally, the sample was transferred onto the PET 

substrate and dried at room temperature, resulting in trans-

ferred graphene and PMMA composite laminates on PET 

(hereafter referred to as GR/PMMA). Regarding sensor based 

on graphene, PMMA was removed by soaking in acetone at 

150 ºC for 5 min, followed by N2 drying. The Ag paste with 

Cu wires were used as the contact electrodes for the sensing 

characterization with the sensing of 1x0.5 cm2.  

   The sensor responses to VOCs (acetone, benzene, chloro-

form and dichloromethane (DCM)) were investigated at room 

temperature by recording the electrical resistance during cy-

cles of alternating supply of dry N2 gas and VOC vapor. The 

concentration of VOCs was in a range of 50 to150 parts per 

thousand (ppt). The sensor response (SR) was defined as SR 

= (RVOC – R0) / R0, where RVOC and R0, are the resistances of 

the sensor after and before VOC exposure, respectively. To 

compare the responses of all sensors, the sensor responses 

were normalized by the VOC concentration. The normalized 

sensor response (NSR) was defined as the ratio between the 

sensor response at a time of 540 s (SR540) and the VOC con-

centration (CVOC) as NSR = SR540 / CVOC. 

 

 3. Results and Discussion 

   Fig. 1a-1b show sensor responses as a function of time of 

the graphene and GR/PMMA sensors under alternating sup-

ply of N2 gas and VOC vapor, respectively. The results show 

that the resistance of graphene sensor decreased upon VOCs 
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exposure and increased after recovery with N2 gas. Mean-

while, the resistance of the GR/PMMA increased and de-

creased upon VOC exposure and after replacing VOC with 

N2 gas, respectively. Fig. 1c shows the normalized sensor re-

sponse of graphene and GR/PMMA sensor to VOC vapors. 

The order of the sensor response magnitude of graphene sen-

sors is in the following order: DCM > chloroform > acetone 

> benzene, while that of the GR/PMMA is in the following 

order: DCM >> acetone > chloroform > benzene. Interest-

ingly, the sensor response of the GR/PMMA sensors to DCM 

significantly increased, while those to acetone, chloroform 

and benzene were mostly suppressed. These results imply that 

the PMMA layer acts as a membrane to select VOC molecules, 

resulting in the selectivity improvement [7].  

The sensing mechanism of the graphene to VOCs is at-

tributed to the adsorption of VOC molecule on the defect site. 

Charge transfer on graphene by electron hopping effects on 

graphene sheet results in a decrease in electrical resistance of 

graphene [8]. For the GR/PMMA, the sensing mechanism can 

be ascribed to polymer swelling due to VOC adsorption and 

Hansen solubility parameter (HSP). A hypothesis based on 

polymer swelling can be described as follows. After VOC ad-

sorption, polymer coatings on graphene is swollen, thus pos-

sibly increasing the polymer volume and bending of graphene 

sheet, resulting in an increase in electrical resistance [9]. The 

higher solubility, the larger magnitude of sensor response. 

The solubility of the vapors in PMMA is in the following or-

der: DCM >> acetone > chloroform > benzene [10], which 

coincides with the sensor response. Moreover, the difficulty 

of the GR/PMMA to recover to baseline after DCM exposure 

indicates the high solubility of DCM. 

 

3. Conclusions 

 In summary, we successfully fabricated graphene and 

PMMA composite laminates on PET substrate for the use in 

VOC detection. The graphene and GR/PMMA sensors show 

the highest magnitude of sensor response to dichloromethane 

in the opposite signal. The sensor response of the GR/PMMA 

to acetone, chloroform and benzene are greatly suppressed, 

resulting in the selectivity improvement. These preliminary 

results show the potential use of the graphene and GR/PMMA 

array for VOC discrimination 
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Fig. 1 Sensor responses to acetone (477.55 ppt), chloroform 

(253.97 ppt), dichloromethane (300.96 ppt) and benzene 

(295.90 ppt) as functions of time: (a) graphene and (b) 

GR/PMMA. (c) Normalized sensor response of graphene and 

GR/PMMA sensor to VOC vapors 
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