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Abstract

In this study, it was tried to make the zinc ferrite (Zn<Fesx O4) films with lanthanides such as
dysprosium (Dy) and erbium (Er) doping a very cheap and easy method, Chemical Spray
Pyrolysis Technique (CSP) to have suitable properties for application. The lanthanides are
located in block 5d of the periodic table. Gas sensors can be made from various materials
depending on the purposes they serve. Regardless type of gas sensor, general requirements for
a reliable gas sensor is high sensitivity, fast response, and good selectivity. It was found that
ZnsFes« O4films with Dy and Er doping thin films operating at 200°C temperature could detect
H2 at 100 ppm, 500 ppm and 1000 ppm concentration and at 1800 s time with very low

selectivity and sensitivity relatively. X-Ray Diffraction (XRD) measurements of the obtained
films were taken between 10 and 70 degrees. As a result of Atomic Force Microscope (AFM)
measurements, was obtained information about surface morphology. Optical properties were
measured by Double-Diffracted UV-VIS photoelectron spectroscopy. I-V (Van der Pauw)
technique has been used for response of gas sensor.
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Introduction

Interest in detecting and determining concentrations of toxic gases has constantly been on the increase
in recent years due to increase of industrial enterprise. Metal oxide gas sensors are among most
important devices to detect a large variety of gases. a- FezOs, an environmental friendly semiconductor
(Eg = 2.1 eV), is the most stable iron oxide under ambient atmosphere [1].

Because of its low cost, high stability, high resistance to corrosion, and its environmentally friendly
properties is one of the most important metal oxides for gas sensing applications. Various chemical
pollutants have been released in high quantities into the atmosphere as a result of human activities and
have generated environmental risks one of the critical factors that contribute to global warming and
harm to human health.

In order to monitor air pollution on a large scale, inexpensive, reliable and easy to use gas sensors are
needed. The electrical resistance of semiconductor oxides, such as SnOz, ZnO0, TeOZ,WO3 and Fe,Os,

has a strong dependence on the concentration of surrounding gases.
According to this principle, these oxides are commercially designed as chemical sensors to detect toxic
gases such as LPG, NOz, HZ, 02, CO, HZO [2,3].

Materials and methods
Synthetic procedures;

Chemical spray pyrolysis (CSP) is one of the solution based coating technique to produce metallic and
semiconductor thin or thick films. The technique of CSP (Fig. 1) without the requirement of vacuum is
a method that can be preferred in the industry, in order to allow the production of large size films in both
cheap. Many parameters such as substrate temperature, the salts (Table 1), molarity and deposition time
have carefully been choosen to obtain the best growth condition in this tecnique. The substrate was
sprayed with argon gas onto a substrate heated to 320 °C at a distance of 30 cm. All films grown times
were 35 min.
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Fig. 1. Schematic diagram of Chemical spray pyrolysis system

Table 1. Table of salt for the preparation of nanostructured
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Solution Molar

Film Used Chemical Salt .
Ratio

ZnyFesy Oq4 Fec|3.6H20+FEC|2.4HZO+NaOH+Zn(NO3)2'6H20 1:2:0.25:0.1
Fe,03 FeCI3.6H20+FeCI2.4H20+NaOH+ 1:2:0.25
Er:ZnFesy FeCI3.6HZO+FeCI2.4H20+NaOH+Zn(N03)2-6H20+Er(N03)2~

O4 6H20 1:2:0.25:0.1:0.01
Dy:ZnyFesx FeCI3.6H20+FeCI2.4H20+NaOH+Zn(N03)2-6H20+Dy(N03)2~
O4 6H20 1:2:0.25:0.1:0.01

Result and discussion

The morphologic and structure (particle size, pore size, etc.) properties of ZnyFes.xOa, Fe20s,
Er:ZnsFes.x0O4 and Dy:ZnyFes<Oathin films have been generally and carefully investigated. XRD and
AFM (for topographic properties) techniques have been used for structural analysis and |-V (Van der
Pauw) technique has been used for response of gas sensor. According to XRD (Fig. 2) measurements,
the crystal structure of the materials have changed.
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Fig. 2. XRD patterns of a) Fe;Os, ZnsFesxO4 b)Er: Zn,Fes.x Osand c) Dy: ZnyFes.x O4 thin films
(Reference code 01-073-1963, 00-015-0615).

In Fig.3, a) Fe;0s3 and ZnxFesxO4 b) Er: ZngFesx Oz and c) Dy: ZniFesx Osthin films band gap are
calculated 2.16 eV, 2.14 eV, 2.04 eV, 2.16 eV respectively. As Mg doped Iron Oxide thin films gives
absorption at smaller wave lengths, it shifts at larger wave length as a result of doping. It can said that
the energy band gap is causing the band gap to narrow due to the fact that the imperfections in the
structure may pass at the band edge.
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Fig.3. Plot of (ahv)2(cm™eV)? versus photon energy hv of a) Fe;O3, ZnsFes«Os b)Er: ZnFesxO4
and c¢) Dy: ZnyFes.x Osthin films
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AFM images of the Fig 4a) Fe 03, 4b) ZnsFes.« Oa, 4¢) Er: ZnysFes« Osand 4d) Dy: ZnxFesx O4 thin
films grown on glass substrates have been observed that line roughness value of film is change with
doping Dy, Erand Zn metals. And so, gas response of the films change with crystal size. The Fe;Os
films line roughness value is about 28,6 nm. The ZnxFes«O4 films line roughness value is about 34 nm.

b) ZniFe. O
3-x 4

Fig.4. Three dimensional AFM images of a) Fe;Os, b) ZnyFesxOs C)Er: ZnsFes«x O, and d) Dy:
ZnyFesx O4 thin films

The Dy: ZnsFes O4 films line roughness value is about 17.4 nm. The Er: ZnyFesx O4 films line
roughness value is about 24.6 nm
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Fig. 5. Sensor Response of a) Fe;0s, b) ZnyFesxO4, C)Er: ZnyFesxO4 and d) Dy: ZnyFesxO4 thin
films

Table 2. Respons of the gas sensors

Time 1800.s 1800.s 1800.s

(100 ppm) | (500 ppm) (1000 ppm)
Fe,O3 %R=173 %R= 117 %R= 82
Time 600.s 600.s 600.s

(100 ppm) | (500 ppm) (1000 ppm)

ZnyFe3x 04 | %WR=0.10 | %R =0.17 %R=0.20

%R=(lo-1)/15.100; R sensors respons, Io; first current, I; finally current. According to calculations made,
Table 2 gives the respons of the gas sensors

Fe,0; show the time-dependent change in the gas response of the thin film to hydrogen gas, and the
measurement is periodically 1800 s nitrogen and 1800 s hydrogen gas at 200 ° C (Fig.5). This

measurement was made to evaluate the response of the thin film to hydrogen gas, and the O_(ads) +2H
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- HZO +e [4] reaction of the film to hydrogen gas was found to be very high. During the measurement

0]
periodically 1800 s nitrogen and 1800 s hydrogen gas were supplied to the system at 200 C temperature.

The film, which did not react to hydrogen gas at room temperature, reacted at a temperature of 200 oC.
Nitrogen was used as the sweeping gas. In the first 1800 s 500 ppm nitrogen swept system, 100 ppm
hydrogen gas, second cycle 500 ppm for 1800 s hydrogen gas then nitrogen is swept in again and third
cycle 1000 ppm for 1800 s hydrogen gas were supplied and the amount of current drawn by the system
increased. This material is a promising material for gas sensor application. The same gauge is repeated
for all films for 600 s, indicating that hydrogen is held at a lower level, which means that the hydrogen
is stored in the structure, during which the hydrogen is separated from the structure in very small
amounts. Fe,Os material is a promising material for gas sensor application as well as promising
hydrogen storage applications [5-7].

Conclusion

When we get the gas sensor response measure we detect that Fe;Os, Er: ZnyFesx Os and Dy: ZnyFes
O4 thin films are the n type semiconductors and ZnyFes.x Oais p type semiconductor and response time
smaller and so faster than others. For Fe;Os, Er: ZnyFes.x Osand Dy: ZnyFes.« O4 thin films, because of
the electrons that emerge as a result of the reaction increase or decrease the carrier concentration.
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