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Abstract-In the present investigation bi-functional nano-gas-sensor was 

manufactured from two types of metals: ZnO metal oxide and Pt noble metal. The 

nano-gas-sensors were designed for monitoring and control the environmental 

pollution in petroleum sector. The preparation technique was carried out by design 

and construction of a pulse laser deposition unit (PLD) with Nd: YAG laser 

(λ=532nm, laser fluence 2 J/cm2, repetition rate 6 Hz and the pulse duration 7ns). 

The target was pure ZnO and Pt:ZnO that containing 4%wt Pt. The 

hexachloroplatinic acid (H2PtCl6) was used as Pt source. The PLD films were 

deposited at three different temperatures 200, 250, and 300oC.  Many 

characterization tests are used to study the influence of temperature on surface 

morphology of prepared films: Scanning Electron Microscope (SEM), Atomic 

Force Microscope (AFM), x-ray Diffraction (XRD) and (UV) visible. The results 

pointed to a direct relationship between the deposition temperature and the grain 

sizes of the nanoparticles formed on the substrate. On the other hand, the results of 

RMS roughness of AFM showed an increased value with increasing of deposition 

temperature. The best value of RMS roughness was 10.3nm for thin films deposited 

at 250ºC. The x-ray results shows formation of nanostructure on the substrate at 

deposition temperature of 250ºC, in which represent high surface area of gas 

sensor and especially with Pt. In addition, the UV-VIS transmittance measurements 

have shown that the films are highly transparent in the Visb-NIR wavelength 

region, with an average transmittance of about 90%. These results pointed to that 

the manufactured bi-metals nano-gas-sensor (Pt:ZnO) at 250oC is more suitable for 

LPG hydrocarbons detection application in petroleum positions. 
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1. Introduction 

In manufacturing of gas sensors technology, the 

metal oxide are the most used type in the 

detection processes of explosive, toxic, and 

flammable gases  in petroleum and gas industry. 

Nanostructure materials have received much 

important due to their unique specification of 

high surface area and adsorption properties [1-3]. 

In the engineering application nanosize zinc 

oxide, ZnO regards one of the important 

nanomaterial applied in detection of pollutant 

gases.  ZnO characterized by its high sensitivity, 

low cost, flexibility to form nanostructures, and 

thermal stability. It has been always due to Pulsed 

Laser Deposition (PLD) technique was 

successfully applied for enhancing qualified zno 

thin films. PLD plays a great roll in reducing the 

chemical contamination due to the use of laser 

light and controlling of the composition of 

deposited structure. Moreover, it is a manifold 

and powerful tool for growth of nanoparticles 

with coveted size and composition by only 

manipulating the deposition conditions [4-6]. 

In petroleum industry, there are many locations 

that including may poising and flammable 

hydrocarbons pollutants such as (H2S, NO2, CO, 

CO2, and Hydrocarbons). Liquefied petroleum 

gases LPG (a mixture of propane and butane gas) 

represent the flammable hydrocarbons that 

present in gas stations or in petroleum refining 

zones [7,8]. In designing and manufacturing of 

gas, sensors the temperature is regarded an 

important factor for sensing process. Therefore, 

the gas sensor must possess appropriate degree of 

crystallinity is required [1,9,10,11]. On the other 

hand, the present of another metal in the film 

structure that prepared by PLD may be work on 

supporting the electrical and optical properties of 

prepared thin films and then the sensing process. 

Many others pointed to that the gas sensor 

performance is strongly dependent on the 

chemical composition and physical specification 

of the gas sensor [12-16].  
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2. Experimental work 

I. material 

In the present work, many chemicals were used: 

Zinc oxide (ZnO of 99.9% purity) with an 

average size of 3µm was supplied by FLUKA 

AGCompany, hexachloroplatinic acid 

(H2PtCl6.6H2O, 40%wt of Pt) was supplied by 

REIDEL- DE HAEN AG SEELZE -

HANNOVER chemicals Ltd. On the other hand, 

glass and silicon wafer (111) sheets were used as 

substrates for the thin film preparation process. 
 

II. Procedure of nano-thin-film preparation 

The preparation of nano-thin-films was carried 

out by manufacturing a pulsed laser deposition 

apparatus.  Figure 1 shows the details of 

manufactured PLD apparatus, while Figure 2 

shows the heating and rotating part in PLD 

system. The film deposition was achieved by 

using a Q-switched Nd: YAG laser (2nd harmonic 

generation with 532 nm, pulse width 7nsec, 

fluence energy 2 J/ cm2 and repetition rate of 6 

Hertz). 

The target was prepared by mixing 3 g of ZnO 

powder with 3ml (H2PtCl6) solution. Then, the 

mixture was sintering with 200oC for 6 hour to 

get 4gm containing 4% weight percentage of Pt. 

The pure ZnO and the doped powders 

compressing under 15Ton to get the final pellets 

of ZnO and Pt:ZnO of  2 cm diameter and 0.4 cm 

thickness. In deposition process, glass (optically) 

and silicon sheets (111 orientation, n-type 

conductivity, and resistivity of 1.5- 4 Ω cm, were 

used as substrates.  The glass area dimensions of 

(3 x 2) cm2. The glass sheets were clean by 

ethanol with ultrasonic device for 15 minutes to 

remove any contaminants. On the other hand, 

silicon sheets of square-shaped 1cm2 were 

prepared by using a wire-cut machine. In 

addition, in order to remove any oxides the 

samples were etched with mixture of HNO3, 

CH3COOH, and HF (called CP4A solution) at 

ratios 3:3:5 respectively. After that, samples were 

cleaned first by ethanol and   followed by 

ultrasonic device for 15 minutes, after that 

cleaned by water and then another time for 

ultrasonic device for 15 minutes. 

The distance between substrate and target kept 

constant at 4cm for all runs. The system chamber 

was kept constant at vacuum pressure of 10-

2mbar. The number of laser pulses was in the 

range of   10-400 with laser exposure time of 15-

40 min. The laser deposition process was 

achieved at different temperatures of (200, 250, 

and 300°C). Table 1 shows the main operating 

parameters of PLD process. 
 

 

 
Figure 1: Experimental apparatus of the pulsed laser deposition (PLD). 
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Figure 2: Details of heating and rotating part in the manufactured (PLD) system. 

 

Table 1: Parameters of PLD system that used in the Present work 

Parameters Values Parameters Values 

Laser fluence energy 

 Laser pulse duration 

2 J/cm2 

7ns 

Laser Angle  45o 

Laser shoots 400 pulses laser head to target distance  15cm 

Target to substrate distance 4cm Laser frequency  6 Hertz 

Vacuum pressure   10-2 mbar Substrate temperature 200, 250 and 300℃ 

III. Film characterization and performance test 

Many measuring techniques are used in the 

present work to characterize the prepared nano-

thin-films; scanning electron microscope SEM-

Tescan-VEGA3, atomic force microscope (AFM-

SPM-AA-3000), UV Visible and X-ray 

diffraction (Shimadzu 6000-XRD). Optical 

interferometer was used to measure the prepared 

films thicknesses. The mechanism of this test 

depends on the interference theorem. In this 

mechanism, the light beam is reflected from film 

surface and substrate bottom. The wavelength of 

used Helium–Neon-laser is 632.8nm. Then, the 

film thickness can be calculated from the 

following formula [1,4]. 

t=                                                                   (1) 

where x is fringe width, ∆x is the difference in the 

distance between two fringes and λ is the laser 

light wavelength.  

The performance of prepared gas-sensors was 

measured by using performance test unit located 

at Ministry of Science and Technology-Material 

Research Office-Baghdad. The schematic 

diagram of unit is shown in Figure 3. The 

Liquefied Petroleum Gas (LPG) was selected to 

be the hydrocarbon test gas. The film was 

designed with active area of (1×1)cm2. The 

sample preparation method was based on silver 

electrodes after masking the electrodes area. 

Then, the prepared sensor was supported inside 

the test chamber and the process temperature was 

controlled by using a computerized control 

system. In addition, the unit of sensors 

performance test included pressure regulators, 

refrigerated-air-dryer, and gases flow controllers. 

The air pressure and the test gas pressure were 

maintained at 1bar and the air flow rate was kept 

constant at 0.2l/min. The LPG flow rate was 

varied according to the required concentration of 

gas. Then, the performance of the sensor 

(Sensitivity) was calculated based on the 

following equation [12]: 

Sensitivity% =                            (2) 

where R air or gas aie resistance of the sensing 

material in the presence air or gas. 

 

3. Results and Discussion 

I. X-ray diffraction 

Figure 4 (a and b) shows X-ray diffraction 

patterns of pure ZnO powder and ZnO mixed 

with 4%wt of platinum metal (Pt:ZnO) 

respectively. It was noted that the main peaks of 

ZnO was location at 31.3, 34, 35.8 and 47.1 

which correspond to the material phases (Mullers 

peaks) of (100), (002), (101) and (102) peaks 

respectively. The peaks shafted to be 31.8, 34.5, 

36.3 and 47.7, which correspond to the (100), 

(002), (101) and (102) plans when ZnO mixed 

with 4%wt of Pt in Figure 4. It was concluded 

that the c-axis bond of platinum with the lattice 

was increased as the doping process increased. 

Therefore, it is expected increasing of peak 

intensities due to substitution of the platinum ions 

(122 pm diameter) into the zinc ions (71 pm) in 

the ZnO lattice [10]. 
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Figure 3: Schematic diagram of detection unit for gas sensor performance test 
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Figure 4: XRD of pure ZnO and Pt:ZnO 

 

On the other hand, Figure 5 shows the effect of 

preparation temperature on the crystalline 

structure of Pt:ZnO. This figure demonstrated that 

the structure is amorphous at substrate 

temperature (Ts) of 200oC. Then, as the valve of 

(Ts) was increased to 250oC (curve b) two peaks 

presented at 31.3 and 47.1 which are related to 

the peaks (002) and (102). Additionally, it was 

noted that when the temperature is raising to 300 

°C (curve c), the peaks shape become sharper 

with higher intensity. Then, from XRD results it 

[14].  
 

 
Figure 5: XRD spectra of Pt:ZnO / glass prepared at:  a) 200ºC b) 250ºC, c) 300ºC. 

 

II. AFM results 

Figure 6 shows the AFM images for the pure ZnO 

and Pt:ZnO thin films prepared at different 

temperatures of 200, 250 and 300 ºC. From this 

figure, it can be noted that the topography of 

films deposited at 200 °C appears to be more 

uniform than that deposited at another 

temperatures (250 and 300ºC). In addition, the 

root mean square (RMS) roughness was increased 

with increasing of deposition temperatures Ts. 

The RMS roughness values at the three 

temperatures are (3.8, 4.6 and 8.4.2) nm (6.2, 8.2 

and 10.3) for the ZnO and Pt:ZnO respectively as 

shown in section analysis. Table 2 summarized 

the numerical values of the effect of the substrate 

temperature on thin films results. It can be 

concluded that the grain size of films increased 

with increasing of temperature [14]. The best 

values for grain Size and RMS roughness was 

noted at preparation temperature of 250oC. 
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Figure 6: Three dimension AFM images of Pt:ZnO thin films deposited at A, a) 200°C, B, b) 250°C and C, c) 

300°C

III. SEM results 

Figure 7 shows the SEM images of Pt:ZnO films 

deposited at 200, 250 and 300ºC respectively.  It 

can be noted that the films have a uniform 

morphology without any holes at the surface. In 

addition, a homogeneous morphology it was seen 

for films prepared at 200 and 250 ◦C with 

particles distribution of 30-80 nm. Then, as the 

substrate temperature increased  to 300 ◦C the 

average particles size of aggregated particles 

increased too [8,12].  

 

 

 

Figure 7:  SEM image of the Pt:ZnO films prepared at: a) 200, b) 250, and c) 300°C.

Table 2: Effect of the substrate temperature on films specification.

Ts (
oC) ZnO Pt:ZnO 

Grain size (nm) Roughness (nm) Grain size (nm) Roughness(nm) 

200 74 4.6 96 8.2 

250 71 3.8 80 6.2 

300 82 8.4 105 10.3 

 

IV. UV and electrical specifications results 

Figure 8 shows the UV results of Pt:ZnO in the 

range of  (300–900)nm at different films 

preparation temperatures. It was concluded that 

the transmittance highly depending on the 

temperature. The average transmittances of the 

films were about 90% in the visible and near-

infrared wavelength. For all the films, it was 

concluded that the optical transmittance decreases 

slightly with increasing of preparation 

temperature.  This behavior is in accord with the 

increasing of the surface roughness in which 

a b c 
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come from the increasing of the surface scattering 

of the light.  

Figure 9 shows the relationship between current 

and voltage (I/V) in dark in which represent the 

film electrical characteristics ZnO and Pt:ZnO at 

temperature of 250ᵒC with and without LPG 

exposure respectively. The current with the 

ZnO/Pt film was higher than that of ZnO film, 

while, the resistance on the contrary of the 

current. 

 

V. Gas sensors performance test 250oC 

It was noted that the gas sensor sensitivity is 

highly dependent on the morphology and 

particles size of the films. The prepared films at 

temperature of 250oC lead to formation 

nanostructures in which possess a large surface 

area. Such behavior will be show more quantities 

and fractions of atoms or molecules on the 

surface. Then, according to adsorption 

mechanism of gas sensing, the reaction between 

adsorbent  gas and active species of  O-, O2-, H+, 

and OH-  can be occur strongly on the surface of 

the film [5,12,16]. Therefore, according to results 

of figure 10 the Pt:ZnO film showed the best 

sensitivity toward LPG in comparison to that of 

ZnO film. Then, it can be concluded that the 

present of platinum in the film structure will be 

produce high surface area due to formation of 

Nano size platinum metal formed in the structure. 

In other words, the high surface area was 

generated from the distribution of Pt. particles in 

grain boundaries of ZnO nanostructure. 

Therefore, in this paper, such mixed behavior that 

generated from platinum and ZnO is called 

“Bifunctional behavior” which improve the 

sensing performance in direction of 

hydrocarbons. 

Actually, in order to study the effect of LPG 

concentration dos on the performance of sensor 

sensitivity many LPG doses were investigated. 

The LPG concentrations were in the range of 30 

to 300 ppm as shown in figure 11.  Then, it was 

concluded that the sensors sensitivity is highly 

dependent on the LPG dos. Also, it is important 

to mention here that operating temperature is an 

important parameter in petroleum sector. 

Therefore, figure 12 illustrates the relationship 

between gas sensor sensitivity and operating 

temperature. Then, it can be noted that the 

sensing ability increases with increasing of 

operating temperature up to the maximum 

temperature of 300 °C. Then, the sensing ability 

falls with further increasing of the operating 

temperature. The high temperature operation lead 

to shorter life time of gas with extensive 

electricity cost. The best operating temperature 

was concluded to be at 250 °C of performance 

testing unit. 

 

Figure 8: UV spectra of Pt:ZnO films prepared at: 

a)200, b) 250 and c) 300oC. 

 

 

 

Figure 9:  I/V curve in the dark with and without 

LPG exposure for a) ZnO, b) Pt:ZnO 

 

 
Figure 10: Gas sensitivity for pure ZnO and 

Pt:ZnO. 

ZnO with air         

 ZnO with LPG 

Zno with air 

 

Pt:ZnO with air          

Pt:ZnO with LPG 
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Fi

gure 11:  Sensitivity curve of the sensor with LPG 

gas concentration. 

Fi

gure 12: Sensitivity versus operating temperature 

at 250 ppm LPG 

 

3. Conclusions 

In this investigation a bifunctional nano-gas-sensor 

film Pt:ZnO was prepared successively with improved 

sensitivity to LPG of about 40%  in comparison to  

parent nano-gas-sensor of ZnO.  From the results of 

the film structure and morphology (XRD, SEM, and 

AFM) it was concluded that the best preparation 

temperature for (Pt:ZnO) film was 250 °C. All results 

pointed to that  the crystalline structure of the film 

changed from amorphous to crystalline at higher 

temperature due to formation of nanostructured 

material with higher surface area. RMS roughness and 

grain size increased with increasing of film preparation 

temperature. On the other hand, UV results indicated 

that the prepared bifunctional film is more suitable for 

gas sensing applications due to of its higher 

transparent in the visible region with transmittance 

value of about 90%. The final bifunctional behavior of 

platinum and ZnO is improve the sensing performance 

in toward LPG hydrocarbons. 
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