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Abstract: In this article, we present the results of GO as a primary material of the humidity sensor and the electro-
physical characteristics of this sensitive element. The sensitive humidity sensor created using the GO membrane 
was obtained via vacuum filtration. Initial material GO was synthesized by the modified Hummers method and 
characterized by Raman spectroscopy, XRD analysis and SEM. The stability of the electrical resistance, also the 
rate of recovery and response of a humidity sensor element based on GO was studied as a function of the relative 
humidity level. The GO sensor was demonstrated to function properly in a wide range of humidity over an 
extended 10 hour period at room temperature. The deviation of the electrical resistance readings of the device 
during the experiment did not exceed 2 %. 
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1. Introduction 

 
Graphene, functionalized graphene, in particular 

graphene oxide (GO) and other carbon materials are of 
great interest for the scientific community due to such 
unique properties as: high level of thermal and 
electrical conductivity, strength and excellent 
adsorption characteristics [1-2]. For the first time in 
2004, Geim and Novoselov, using the method of 
mechanical splitting, separated one sheet of graphene 
from graphite. Since then, due to its unique 
mechanical, thermal, optical and electrical properties, 
graphene has attracted more attention in various fields 
of science and technology. Graphene is a flat layer of 
the monatomic structure of sp2 bound carbon atoms, 
which is tightly packed in a hexagonal structure [3].  

One of the main directions in the study of graphene 
is GO which has another name such as functionalized 
graphene [4-5]. Compared with pure graphene, 
functionalized graphene has a wide range of 
applications in semiconductor electronics for creating 
biosensors [6], supercapacitors, various gas  
sensors [7], organic electrodes, light-emitting diodes, 
etc. [8-9]. 

GO (functionalized graphene) – is a combination 
of carbon, hydrogen and oxygen in various ratios, 
which is formed during processing graphite with 
strong oxidants [10].  

The functionalization of graphene can be carried 
out by various methods, in particular the creation of 
radiation defects, hydrogenation, etc., including 
oxidation [11-12]. In the work [13] being considered 
that there are two basic categories of functionalization 
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of graphene: chemical and non-chemical. The 
chemical functionalization method is understood as 
chemical modification of the surface by various 
groups of atoms, as a result of which new covalent 
bonds between atoms native to RGO/GO and the guest 
functional groups are formed. In the case of non-
chemical functionalization, mainly physical 
interaction occurs and functionalization occurs on the 
basis of π interaction between guest molecules and 
RGO/GO. Both types of functionalization contribute 
to changes in the properties of graphene, but the most 
effective is chemical modification [13-15]. 

Functionalization of graphene with various strong 
oxidizing agents such as H2SO4, HNO3, KMnO4, 
KClO3, NaClO2 followed by exfoliation into single 
sheets facilitates the so-called functionalized graphene 
or graphene oxide, which in turn, has found 
widespread application in the field of science and 
technology due to the modified electronic  
structure [5].  

In our work, the most common Hummers method 
was used to implement the functionalization of 
graphene, in which the graphite powder is oxidized 
with strong acids, then, with subsequent processes, it 
is exfoliated into few-layer graphene sheets in water 
or in organic solutions, whereby a GO was obtained 
[4, 16 and 17].  

GO contains hydroxyl, carbonyl and carboxyl 
functional groups on the basal plane, and this makes it 
hydrophilic and creates the ability to form stable water 
suspensions, compared to other carbon materials. This 
property of graphene oxide makes it sensitive to 
moisture, which can be used to determine humidity in 
the atmosphere [18]. 

In connection with this at present, the role of GO 
is of great interest in measuring and monitoring the 
humidity of the environment for industrial, 
agricultural and human activities [19].  

For many years, the creation of highly sensitive 
sensors for determining the humidity of the 
environment is relevant, due to the need in such areas 
of engineering and science as medical applications, 
textile industry, agriculture, biological products, 
scientific and technical centers, food industry and 
other industries. For the creation of highly sensitive 
sensors, the following physical and electrical 
characteristics are particularly important: the stability 
of the sensor operation at various levels of humidity, 
as well as in aggressive environments; high sensitivity, 
quick response to moisture and recovery in a short 
period of time; wide range for determining humidity. 
In addition to the above characteristics, the most 
important are the ease of manufacturing technology, 
low cost. Another important factor in creating a highly 
sensitive sensor is the selection of a suitable initial 
material, which can affect many of the above listed 
sensor properties. One of the promising materials for 
creating highly sensitive sensors is carbon materials, 
namely, graphene, graphene oxide, RGO, and carbon 
nanotubes [19-20].  

With the advent of graphene and graphene-like 
materials, due to their physico-mechanical, as well as 

the most important electronic properties, much 
research has been done on the creation of sensitive 
sensors for determining humidity and various gases.  

For the first time, in the work [21] demonstrated 
the potential of graphene and graphene oxide as an 
initial material for the creation of nanoscale  
sensors that can detect the following types of CO2, 
NO2, NH3 gas.  

The creation of highly sensitive sensors based on 
graphene, graphene oxide, reduced graphene oxide 
was mainly aimed at determining the following types 
of gas: NO2, NH3, CO2, which were indicated in the 
following works: the production of sensitive humidity 
sensor based on thermal reduced graphene; creation of 
a sensitive sensor based on epitaxial graphene; 
creating a flexible sensor for detecting various gases 
based on carbon nanotubes and graphene; studying the 
characteristics of the determination of moisture based 
on thin film of coarse grained graphene oxide; 
production of a humidity sensor based on bilayer 
graphene, which was synthesized by the CVD method; 
the creation of a microscale capacitive humidity 
sensor, in which a graphene oxide film was used as the 
initial material; humidity sensor based on high proton 
conductivity of graphene oxide; using the Electro-
spun PVDF / Graphene Membrane to create a 
capacitive humidity sensor [22-31]. Also, the above 
works demonstrate the creation of sensitive sensors for 
determining environment humidity, in which graphene 
oxide membranes were used as the initial material. In 
this way, based on all the above works, graphene, 
graphene oxide and their related structures, due to their 
physico-mechanical properties, are the most 
promising materials for creating sensitive  
humidity sensors.  

Therefore, in this work, we examine the humidity 
sensor based on graphene oxide aimed at studying the 
potential use of a commercially available product as a 
sensitive element to a moist environment at room 
temperature. Compared with other types of sensors 
based on GO, this sensor has the following 
advantages: wide range of humidity level, low cost, 
does not require high technology, and is resistant to 
aggressive media. Previously, we published an 
expanded abstract on the topic of the «Sensitive 
humidity sensor based on functionalized graphene» in 
which a brief description of the electro-physical 
characteristics was considered [32]. 

 
 

2. Graphene Oxide Synthesis  
 

In this paper, we studied the humidity sensor based 
on GO at wide range of humidity for 10 hours at room 
temperature. We used graphene oxide that was 
obtained by a modified Hammers method using pure 
natural graphite as a starting material. The process of 
synthesis of graphene oxide is a specific sequence, 
presented below. 23 ml of concentrated sulfuric acid 
was added to a 250 ml flask with an ice at 0°C, which 
was filled graphite with weight 1 g, after which 0.5 g 
sodium nitrate was added. Then, while stirring the 
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mixture with a mechanical stirrer, 3 g of solid 
potassium permanganate was gradually added with 
maintaining the temperature below 20 °C over 2 hours. 
After raising the temperature of the mixture to 35 °C, 
it was maintained for 30 minutes at this temperature, 
then after adding deionized water; the temperature 
rose to 90 °C and stirred for 30 minutes. At the end, 
30 % hydrogen peroxide was added until the color of 
the mixture changed to bright yellow and until gas is 
stopped. Then the product was filtered and washed 
several times in 5 % hydrochloric acid solution to 
remove metal ions, then washed with deionized water 
to remove acids. Fig. 1 shows aqueous dispersion of 
graphene oxide.  

 
 

 
 

Fig. 1. GO aqueous dispersion. 
 
 

We used a graphene oxide membrane to create the 
humidity sensor. For the manufacture of graphene 
oxide membrane there are the following methods: 
filtration (vacuum, pressure filtration); 
casting/coating-based (spinning casting, drop casting, 
dip-coating, spray-coating); layer-by-layer assembly; 
evaporation-assembled method; templating method; 
shear-alignment method and hybrid method [33]. Of 
all the above methods in our experimental work, we 
chose vacuum filtration because of the availability, 
low labor intensity, nano-sized control over the 
membrane thickness and the possibility of high-scale 
production of graphene oxide membranes. 

The preparation of GO membrane using vacuum 
filtration was made in the following works: [33-35]. 
The advantages of the process of obtaining GO 
membrane using vacuum filtration are that, the 
graphene oxide nanolayers are connected and located 
almost in parallel, which is promising as an initial 
material for creating humidity sensors. One more 
important advantage of using vacuum filtration is that 
the physico-chemical property of graphene oxide 
nanolayers does not change during the manufacture of 
GO membrane. Synthesis of GO membrane using 
vacuum filtration consists of the following main 
processes: selection of an appropriate concentration of 
GO solution; deposition of GO membrane is carried 
out by passing a solution of graphene oxide through a 
porous film, the resulting GO membrane is  

dried [33, 35]. The result is a uniformly distributed 
membrane with a relatively flat surface, due to the 
fluidity of water in the solution filtration process, and  
controlling the film thickness depends on the 
concentration chosen. 

In this process, we used a 4.0 ml GO solution with 
concentration 1.5 mg/ml. The GO papers were left 
overnight to dry at room temperature, and then peeled 
off from the filter. Table 1 show GO membrane 
obtained using the vacuum filtration method, in which 
the dispersion of GO was carried out using a porous 
alumina membrane filter with a pore size of 800 nm 
and a diameter of 25 mm.  

 
 

Table 1. Obtaining GO membrane. 
 

Step 1. 
Choosing the 

suitable 
concentration 

of GO aqueous 
dispersion 

 

Step 2. Vacuum 
filtration with 

alumina 
membrane 

Step 3. Drying 
and finished GO 

membrane 

 
 

3. Investigation of the GO 
 

The GO obtained by us was studied using Raman 
spectroscopy, which is intended to study the 
characteristics of carbon nanostructures, as well as to 
characterize the quality of graphene in industrial 
processes and studies, since Raman spectroscopy is 
not destructive [36-37]. The Raman spectrum of 
graphene oxide, like graphene, has G and D peaks, the 
first order of scattering of the E2g-phonon sp2 carbon 
atoms G peak is reflected around 1580 cm-1, and also 
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occurs due to stretching of the C–C bond in the basal 
plane, which is characteristic of all sp2 hybridized 
carbon materials, and the D peak appears in the region 
of 1200–1400 cm–1 and indicates a certain amount of 
disorder or edges in the carbon structure [38-39]. In 
the work [40] the ratio D/G, which is about 0.95, 
which indicates a large number of defects in the crystal 
lattice, and this ratio increase with chemical reduction. 
Fig. 2 shows the Raman spectra of graphene oxide, in 
which the D peak is located in the 1352 cm–1 region, 
the G peak is in the 1584 cm–1 region, and the ratio of 
these peaks corresponds to 0,88 which is in good 
agreement with the literature data [38-42]. 

 
 

 
 

Fig. 2. Raman spectrum of GO. 
 
 

The SEM of GO micrographs in Fig. 3 (a-surface, 
b-cross section) clearly show that GO has a two-
dimensional sheet-like structure.  
 
 

 
а) the surface of GO 

 

 
b) the cross section of GO 

 
Fig. 3. SEM images of GO. 

From the images (Fig. 3(a, b)) of SEM, it can be 
seen that the layers are stacked one above the other, 
and there are wrinkled areas on the surface of the GO 
membrane. According to the Fig. 3(b), the SEM image 
of the cross section clearly shows that the graphene 
oxide membrane obtained by us is layered and has a 
highly ordered lamellar structure, and the membrane 
thickness is about 20 μm. EDX analysis in the Fig. 4 
shows that GO contains about 67 at.% C, 33 at.% O.  

 
 

 
 

Fig. 4. EDX analysis of GO. 
 
 

The XRD analysis of graphene oxide and highly-
oriented pyrolytic graphite shows in the Fig. 5 that 
were investigated on the DRON-7 instrument [43].  

 
 

 
 

Fig. 5. XRD of graphite and GO. 
 
 

The interpretation of the XRD allowed to 
determine the interplanar spacing in the initial GO  
(d = 0.79 nm) and in the graphite (d = 0.35 nm). The 
results obtained are in good agreement with the 
literature data [44].  

 
 

4. The Structure of the Sensor and Study 
its Electro-physical Characteristics  

 
The design of the humidity sensor is shown in the 

Fig. 6, where the GO membrane was mounted on a 
dielectric substrate and connected at opposite ends by 
copper wires (diameter 0.15 mm) as electrodes to the 
GO samples. These electrodes were covered with 
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conductive silver paint contacts and left to dry over 
night to insure good electrical contact.  

 
 

 
 

Fig. 6. Structure of the humidity sensor. 
 
 

The dimensions of the substrate are 2.5×1.8 cm, 
the thickness of the GO membrane is about 20 μm as 
shown in the Fig. 3(b), the length is 2.5 cm, and the 
width is 0.5 cm. The membrane surface is open on 
both sides, which allows it to react sensitively to the 
relative humidity of the environment.  

As can be seen from the schematic in the Fig. 6, a 
humidity sensor based on GO and an exemplary DHT 
22 sensor by the Arduino platform are placed together 
in the testing chamber, which was used to control the 
humidity and DHT 22 sensor has the following 
technical characteristics: calculated to measure the 
level of humidity in the range from 0 to 100 % and the 
measurement accuracy is in the range of 2-5 %.  

Schematic representation of an installation for 
investigating the sensitivity of the sensor to humidity 
shows in the Fig. 7. 

 
 

 
 

Fig. 7. Schematic view of the installation. 

The electro-physical parameters were studied as a 
function of humidity to determine the operating 
characteristics of the device. The stability of the 
electrical resistance was monitored using the Keithley 
6517A meter attached to the copper electrodes using 
alligator clips. The humidity sensor was kept in the 
sealed chamber with humidity levels controlled at: 
5 %, 25 %, 50 %, 75 %, 100 % for 10 hours. The 
results of testing the sensor for the stability of the 
electrical resistance under various levels of constant 
humidity, depending on the time is shown in the Fig. 8. 
It can be seen from the results that the deviation of the 
electrical resistance values of the structure for a long 
time does not exceed 2 %. 

 
 

 
 

Fig. 8. Testing the humidity sensor on the stability 
of the electrical resistance readings under different 

humidity levels 
 
 

The electrical resistance versus humidity is 
presented in the Fig. 9. This image shows that the 
electrical resistance of the sensor decreases from  
11,5 to 6,3 Log (R, Ohm) with increasing humidity at 
the range of 5-100 %.  

 
 

 
 

Fig. 9. Dependence of the electrical resistance on humidity. 
 
 

In the process of raising humidity in the chamber, 
a drastic decrease in electrical resistance is observed, 
this would indicate a large amount of water vapor 
penetrates into the interplanar distance, and is also 
adsorbed on the surface of the sample altering  
the resistance.  
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We also studied the recovery and response of the 
humidity sensor. The recovery and response time of 
the sensor were tested at the range from 5 to 100 % 
humidity. Response dynamics and recovery were 
measured in the same way as we measured the stability 
of the electrical resistance. 

The dynamics of the response of the humidity 
sensor as a function of time was studied using the 
sealed chamber with the hand made humidifier. 
According to the Fig. 10, a decrease in electrical 
resistance is observed in the entire range of relative 
humidity. This is because large amount of water 
molecules are adsorbed on the GO surface, which 
significantly increases its conductivity due to proton-
electron exchange between graphene oxide and the 
adsorbed molecules. There are also similar mechanism 
of changes in electrical conductivity, due to the 
influence of a water molecule, as a result of which 
proton-electronic changes occur [28, 30-31, 45]. 
Fig. 10 shows the dynamics of the humidity  
sensor response.  

 
 

 
 

Fig. 10. Dynamics of the response. 
 
 

Recovery time of the sensor can be seen in the 
Fig. 11. Increasing electrical resistance of the structure 
were recorded as a function of time using the Keithley 
6517A source meter.  

 
 

 
 

Fig. 11. Recovery dynamics. 
 
 

The changing in the electrical resistance of the 
sample mainly depends on the adsorption of the water 

molecule on the surface of GO therefore the electrical 
conductivity depends on water molecule on the 
surface. When the humidity level decreases from  
100 to 5 %, adsorbed water molecules are removed, 
which leads to increasing resistance. Signficantly 
increases of electrical resistance of the sample 
observed at the humidity level from 100 to 20 % and 
resistance changes from 6,4 up to 10 Log (R, Ohm).  
 
 
5. Conclusions 

 
In this article we created humidity sensor based on 

GO membrane, which was synthesized by the 
modified Hummers method using pure natural 
graphite, then from this GO aqueous dispersion via 
vacuum filtration GO membrane were produced. The 
electro-physical characteristics of the created 
humidity sensor were tested in wide range of humidity 
level from 5 to 100 %. The humidity sensor was tested 
for the stability of the electrical resistance at multiple 
humidity levels of: 5 %, 25 %, 50 %, 75 %, and 100 % 
for 10 hours at room temperature. The obtained 
measurement results show that the sensor based on GO 
is stable (±2 %) in the entire humidity range. 
Significant changes in the values of electrical 
resistance are associated with the absorption of a water 
molecule on the surface and penetration into the 
interplanar distance of GO. According to the results 
obtained, the humidity sensor based on GO is able to 
work stably at wide range of humidity and respond 
rapidly to changes in humidity, which allows it to be 
useful as a precise and sensitive device. 
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