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Abstract  

     MWCNTs-OH was used to prepare a flexible gas sensor by deposition as a 

network on a filter cake using the method of filtration from suspension (FFS). The 

morphological and structural properties of the MWCNTs network were 

characterized before and after exposure to Freon gas using FTIR spectra and X-ray 

diffractometer, which confirmed that the characteristics of the sensor did not change 

after exposure to the gas. The sensor was exposed to a pure Freon134a gas as well as 

to a mixture of Freon gas and air with different ratios at room temperature. The 

experiments showed that the sensor works at room temperature and the sensitivity 

values increased with increasing operating temperature, to be 58% until 150 ºC. The 

fabricated flexible sensor has good response and recovery times at low gas 

concentrations of 1.3, 2, and 2.7 ppm. 

 

Keywords:  Gas sensor, Freon gas, response time, recovery time, Multi-wall carbon 

nanotubes, sensitivity. 

 

 توصيف مستشعر شبكة الأنابيب النانوية الكربونية المرن متعدد الجدران لغاز الفريون 
 

 *رم , وسن رشيد صالحكالمنسرين محمد 
الفيزياء، كمية العمهم، جامعة بغداد، العراققدم   

 خلاصة:ال
لإعداد مدتذعر غاز مرن  يدددة الجدران والسفعمة بالهيدروكدتم استخدام انابيب الكاربهن الشانهية الستع     

(. تم تسييز FFSعن طريق ترسيبه كذبكة عمى عجيشة ترشيح باستخدام طريقة الترشيح من السعمق )
 FTIRقبل وبعد التعرض لغاز الفريهن باستخدام طيف  MWCNTsالخرائص السهرفهلهجية والهيكمية لذبكة 

ومقياس حيهد الأشعة الديشية ، مسا أكد أن خرائص السدتذعر لم تتغير بعد التعرض لمغاز. يتعرض 
بشدب مختمفة من الههاء: الغاز في الشقي وكذلك لسزيج من غاز الفريهن والههاء  Freon134aالسدتذعر لغاز 

درجة حرارة الغرفة. تهضح قيم الحداسية أن السدتذعر يعسل في درجة حرارة الغرفة وتزداد مع زيادة درجة 
٪. يتستع السدتذعر السرن السرشع باستجابة جيدة 55درجة مئهية لترل إلى  051حرارة التذغيل حتى 

 ( جزء في السميهن.2,2، 2، 0,1زة تبمغ )وأوقات استرجاع مشخفزة بتركيزات غاز مشخف
1. Introduction 
     Gas sensors are chemical sensors that have a major importance. The chemical sensor involves a 

transducer and an active layer for converting the chemical information into electronic signals, such as 

frequency change, voltage change, or current change [1]. Sensors which are based on carbon 

nanotubes (CNTs) have been recently studied because of their excellent mechanical, electrical, and 
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sensing properties. CNTs can adsorb a large number of gases, due to the large surface area, which 

makes them a possible competent of gas sensors, with very high sensitivity and low response time [2]. 

The air around us contains different types and quantities of gases, which could be hazardous to human 

health. It is very important to detect these gases since they exist in environments that involve humans, 

plants, and animals as main inhabitants, whose safety is considered a priority [3]. Classical methods 

used to detect air gases, which produce audio alarms to notify when there is a harmful or poisonous 

gas leakage, are not very dependable because they need to obtain accurate real-time measurements of 

the concentration of the target gas. However, various gas sensor technologies have been used for 

various gas detection applications [4]. Freon is the trade name for a certain class of organic chemicals 

called chlorofluorocarbons (CFCs), hydrochlorofluorocarbons (HCFs), and some identical 

compounds. Freon gas often contains hydrogen, bromine, chlorine, fluorine, and carbon [5]. It is non-

flammable and, although it is often odorless, some types have an odor like ether. Freon is 

characterized by its gaseous condition at room temperature, but can be liquidized by pressure or 

cooling. It is four times heavier than air and can be discharged directly into the ground if any leakage 

occurs in the vessel [6]. All the carbon compounds containing hydrogen, chlorine, and fluorine are 

arranged as in Figure-1. 

 
Figure 1- Methane family of refrigerants [7] 

 

     There are many different types of Freon, which are Freon R134A (HFC), Freon R22 (HCFC), 

Freon R410A (HFC), and Freon R11 (CCl3F) [7]. The chemicals that contain chlorine in their 

components contribute to large damages to the ozone layer and, therefore, can cause its depletion. 

Lately, it was observed that the high concentration of dichloromethane in the atmosphere is depleting 

the ozone layer and is increasing very dramatically. If this increase continues, even only slightly, it 

will cause a delay in the recovery of the ozone layer [8]. Studies on the risks of Freon gas on the 

human body resulted in the conclusion that exposure to chlorofluorocarbons (CFCs) causes heart 

problems, such as irregularity of the beat rhythm. Despite the reports that Freon can raise levels of 

blood cholesterol and beta-2 microglobulin in urine, its role in high blood pressure and coronary heart 

disease is not clear till now [9]. 
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2. Experiment work 

In this work, a flexible MWCNTs-OH network (2×1cm
2
 dimensions) was prepared by adding 10ml of 

dimethlformamide (DMF) to 25mg of MWCNTs-OH, followed by sonication for 5min by an 

ultrasonic device (solution1).   At the same time, mixing 100mg of paraquinine (BQ) with 15ml of 

DMF and sonication for 2 min produced solution2. Then, solution1 was added to solution2 with 

sonication for 5min. The final mixture was filtered off using a Millipore filtration system by applying 

the filtration from suspension (FFS) method (Figure- 2) and dried out to obtain the MWCNTs-OH 

network. Figure-3 demonstrates the Freon gas sensor testing system . This system consists of vacuum 

chamber, thermocouple with a digital thermometer, variable resistance with hot plate, rotary pump 

with vacuum gage, digital multimeter, Freon gas, and atmospheric air. 

 
Figure 2-Schematic diagram of the FFS method used to prepare flexible MWCNTs-OH networks 

using a Millipore filtration system. 
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Figure 3- Schematic diagram for the Freon gas sensor testing system. 

 

3. Results and discussion 

    This section includes the results of the experimental measurements of the prepared flexible 

MWCNTs network, based on the characterization of optical, morphological, and structural properties 

using FTIR, AFM, and XRD techniques, respectively. 

Fourier transform infrared (FTIR) spectra were studied in the range of 400 to 4000 cm 
– 1

 for the 

MWCNTs-OH network before and after exposure to Freon gas. Figure-4a shows the FTIR spectra for 

MWCNTs-OH before and after exposure to Freon gas. For MWCNTs-OH, the peaks are observed at 

3438 and 3465 cm 
– 1

 of the O–H stretching band [10]. The peaks appearing in the range of 2916-2958 

[11], 916, and 636 cm 
– 1

 are attributed to the C–H stretch [10]. Moreover, the peak at 1753 cm 
– 1

 

confirms the presence of the C=O Stretch [11]. After exposing the network to Freon gas for 3min, the 

same peaks appeared, as shown in Figure-4b. These results are in a good agreement with XRD results 

which suggested the existence of a hexagonal structure, except the addition of a peak at 1218cm 
– 1 

which corresponds to C= F stretching. These results are consistent with the values reported in the 

literature [12]. 
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Figure 4- FTIR spectra for (a) pure F-MWCNTs network, (b) F-MWCNTs exposed to Freon gas for 

3min. 

 

      Atomic force microscope (AFM) analysis was carried out using AFM AA3000 from Angstrom 

advanced Inc. Figure-5 shows the 2D and 3D AFM images of the surface morphology of the flexible 

MWCNTs network. The images revealed that the networks have a good uniform with an average 

roughness (Sa) of 15.8 nm, indicating that the film has a good dispersive roughness. Also, the root 

means square roughness (Sq) was 18.3 nm and the ten-point height (Sz) value was 63.3nm. The 

granularity distribution analysis reflects that the distribution of the grain size is almost in a Gaussian 

shape, with a range of 500-100 nm. 

(a) 

(b) 
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Figure 5-2D and 3D AFM images and granularity distribution of the MWCNTs-OH network. 

 

    The structural properties of the prepared network were characterized using X-ray diffractometer 

(Lab XRD-6000). Figure-6 shows the x-ray diffraction patterns of the MWCNTs-OH network before 

and after exposure to Freon gas of 40 mbar pressure for 3min. There is a sharp and strong peak at the 

angle 2𝜃 =26.400 ° that belongs to the (002) plane, which implies a crystalline structure in the 

hexagonal phase. It is obvious that there is a match at the peak, which may be attributed to the nature 

of Freon as a reducing gas which may cause very little change in the crystal. These results are in 

agreement with those previously reported [13 - 16]. Table-1 summarizes the XRD patterns for the 

MWCNTs-OH network before and after exposure to Freon gas. 

 

 
Figure 6-XRD patterns of F-MWCNTs network before and after exposure to Freon gas. 
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Table1- XRD patterns of the MWCNTs -OH network before and after exposure to Freon. 

Sample(nm) MWCNTs-OH Freon//MWCNTs-OH 

2θ (Deg.) 26.4000 26.3000 

FWHM (Deg.) 1.9978 1.8989 

dhkl Exp.(Å) 3.3733 3.3859 

dhklStd.(Å) 3.3540 3.3540 

hkl 002 002 

JCPDC card No. 96-901-2231 96-901-2231 

 

Sensor characterization was carried out using a home-made system, described in Figure-3, and 

calculated using the common sensor sensitivity S given by equation (1) [17, 18]: 

    
(         )

    
                                                                                                  ( )    

where Rgas is the sensor resistances upon exposure to Freon gas and Rair is the resistance in air at 

certain concentrations. Figure-7  shows the sensor's response to exposure to Freon gas at 

concentrations of 26, 52, and 93 ppm as well as to the mixture of Freon gas with air.  

 
Figure 7-The resistance of the MWCNTs-OH network at various gas concentrations (26, 52, 93ppm) 

as a function of time after multiple exposures to Freon gas and the mixture of Freon gas and air at 

room temperature. 

 

     The resistance of the sensor was increased after exposure to air by a small amount, while when the 

sensor is exposed to a mixture of Freon gas and air, the resistance was decreased, which means 

increasing the conductivity of the sensor.  This result proves that the MWCNTs-OH has a p-type 

semiconductor behavior. These results coincide with earlier results [17], indicating that the network 

has its own large number of free carriers (holes). When exposed to Freon gas, which is a reducing gas, 
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it will attract electrons, which leads to an increase in the concentration of free carriers. Hence, the 

sensor resistance decreases and conductivity increases for the mixture of Freon gas with air in a ratio 

of 1:1. Also, the figure reveals that the resistance decreases with increasing gas concentration. When 

the network is exposed to pure gas with different concentrations, the sensitivity is high, while for a 

mixture of air and gas of the same concentrations, the sensitivity value decreases. The resistance of the 

sensor changes in both cases in the same amount when exposed to pure gas and when exposed to a 

mixture of air and gas. 

Figure-8 shows the sensor's response to a mixture of different proportions of Freon gas and air for 

3min at room temperature. Table-2 summarizes the sensor's sensitivity values of the flexible 

MWCNTs-OH sensor to Freon gas mixed with air in different ratios. The results revealed that the 

sensor sensitivity is better in low concentrations, where it can sense the environment pollution with 

Freon gas in the same efficiency, while being not affected by the amount of ambient air. 

 
Figure 8-Sensor sensitivity as a function of time for MWCNTs-OH network with different mixing 

ratios of air: gas with 26ppm Freon gas at room temperature. 

 

Table 2- The sensitivity values of the flexible MWCNTs-OH sensor to Freon gas mixed with air in 

different ratios. 

Gas concentration (ppm) Mixture ratio air: gas Sensitivity (%) for mixture 

 

26 

 

1:1 2 

3:1 1.9 

5:1 1.7 

 

52 

1:2 0.7 

3:2 1.2 



Al-Makram and Saleh                              Iraqi Journal of Science, 2021, Vol. 62, No. 8, pp: 2543-2554 

2551 

 5:2 0.8 

 

93 

 

1:4 0.9 

3:4 0.6 

5:4 0.5 

 

Figure -9 shows the sensor sensitivity as a function of gas concentration. The sensor exposed to pure 

Freon gas for 3min at different concentrations (26, 52, 210, 313, 418 ppm) showed sensitivity values 

of 7, 6.4, 6.1, 4.6, and 1 %, respectively. The sensitivity of the sensor decreases exponentially as the 

gas concentration increases. 

 
Figure 9-Sensitivity values of the sensor to pure Freon gas for MWCNTs-OH. 

 

To estimate Freon gas concentrations at the level of one-millionth of a million as a function of 

operating temperature, equations (2) and (3) [18] were used.  

                                                                                                                                           ( ) 
where P is the absolute pressure of the gas in bar units, V is the volume that the gas occupies, which is 

the chamber volume and equal to 4.3 L, R is the universal or ideal gas constant which is equal to 

8.31451 x 10
-2

 L. bar. K
-1

. mol
-1

, T is the absolute temperature of the gas in K, n is the number of 

moles of gas, and the molecular weights of Freon= 133.4gm/mol. 

 

Concentration (ppm) =(*  (   )                     (
  

   
)+    )⁄                     (3) 

Figure- 10a shows that, at operating temperatures of RT, 50, 75, 100, and 150 ºC, the sensitivity was 

increased gradually upon the increase in temperature , recording the values of 1.8, 2.4, 4.4, 9.11, and 

58) %, respectively. This occurs as a result of decreasing the gas concentration, as shown in Figure-

10b. These results proved that the fabricated flexible MWCNTs-OH sensor is functional at room 

temperature and its properties were improved with increasing the operating temperature till 150 ºC, 

which is in agreement with previously reported data [19]. 

7 

6.4 
6.1 

4.6 

1 

0

1

2

3

4

5

6

7

8

0 100 200 300 400 500

S
en

si
ti

v
it

y
 %

 

concentration (ppm) 



Al-Makram and Saleh                              Iraqi Journal of Science, 2021, Vol. 62, No. 8, pp: 2543-2554 

2552 

 
Figure 10-Sensor sensitivity and concentration as a function of temperature for MWCNTs-OH 

network exposed to pure Freon gas at RT, 50, 75, 100, and 150 C°. 

     The response time (τres) of a gas sensor is defined as the time it takes the sensor to reach 90% of 

maximum or minimum value of resistance upon the introduction of the reducing or oxidizing gas. 

Similarly, the recovery time (τrec) is defined as the time required recovering within 10% of the original 

baseline when the flow of reducing or oxidizing gas is removed [20]. 

 
Figure 11- Response and recovery times for the flexible sensor of MWCNTs-OH network with: 

A) 2ppm, b) 1.3ppm, c) 2.7ppm of Freon gas. 
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Figure-11 shows the response and recovery times measured at room temperature and gas 

concentrations of 1.3, 2, and 2.7 ppm. The response time had values of 9, 18, and 9 sec, while the 

recovery time was 9, 18, and 18 sec, respectively. This reveals that whenever the concentration gets 

lower, the sensor response becomes faster. The response of the flexible MWCNTs –OH sensor is in 

agreement with that reported by a previous work. 

4. Conclusions 
A flexible gas sensor based on MWCNTs –OH network was successfully fabricated using the FFS 

method. The sensor was used to detect Freon134a gas as a reduced gas. The results proved that Freon 

gas does not affect the structure of the prepared film, as analyzed through the X-ray diffractometer and 

FTIR spectra. The sensor worked at room temperature and low concentrations of Freon gas, while this 

sensitivity was improved with increasing the operating temperature till 150
o
C. The results revealed 

that the sensor can sense Freon gas in the same efficiency and not affected by the amount of ambient 

air. The sensor also had good response and recovery times.  
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