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The oxalate co-precipitation method was used to prepare nanocrystallite ferrites with Nd3+ added to the 

general formula Mg1 – xCdxFe2O4 (x  0.5). FTIR, XRD, and SEM were all used to characterize the samples. 

According to XRD, the structure is cubic spinel with orthoferrite (NdFeO3) as a secondary phase. The crys-

tallite size is 36.79 nm. SEM analysis of surface morphology indicates a grain size of 0.38 m. There are 

two strong absorption bands observed in the FTIR spectrum in the range of 350-800 cm – 1. We were able to 

detect various gases such as Cl2, LPG, and ethanol using the gas sensor from room temperature to 500 C. 

For 100 ppm ethanol gas at 500 C, the Mg0.5Cd0.5Nd0.01Fe1.99O4 composition has the greatest response.  

Mg-Cd ferrite sensor samples with Nd3+ added show good response and recovery time. Material composi-

tion, test gas, and grain size determine the time to complete the test. 
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1. INTRODUCTION 
 

Due to safety concerns and environmental monitor-

ing needs, gas sensors are receiving a lot of attention in 

today's society. The amount of everyday air pollution 

has increased dramatically as a result of rising indus-

trialization and automotive production in recent years. 

Pollutants include gases, volatile organic compounds, 

suspended particles, and others. As a result, scientists, 

engineers, and technocrats are working to reduce air 

pollution at the source by detecting, controlling, and 

lowering pollutants [1, 2]. Due to its outstanding physi-

cal and chemical properties, mechanical properties, 

magnetism, and dielectric properties, a tertiary mixed 

metal oxide with cubic spinel structures has been iden-

tified as a promising material for electrochemical ener-

gy storage, televisions, transformers, magnetic record-

ing media, and biomedical applications [3-8]. Research-

ers have devised a simple, stable, and successful meth-

od for synthesizing nanosized materials that maintains 

structural characteristics and provides a high specific 

surface area in the last several years [9, 10]. There are 

many applications for nanocrystalline magnetic parti-

cles, such as ferrofluids, magnetic drug delivery, hyper-

thermia, etc. [11-14]. Iron and steel ferrites are intrin-

sically magnetic due to their chemical composition, but 

their extrinsic magnetic properties are highly depend-

ent on their microstructure [15]. The formula AB2O4 

represents cubic spinal structures, where "A" is a biva-

lent metal ion and "B" is a trivalent metal ion. A spinel 

ferrite crystal structure has 8 tetrahedral (A-sites) and 

16 octahedral (B-sites) oxygen ions [16]. As a result, 

among the interstitials in spinel ferrites, there are a 

considerable number of unoccupied A and B sites that 

can be occupied by cations. Zinc ion sites in tetrahedra 

and iron ions dispersed over the tetrahedral and octa-

hedral characterize the spinel structure of ZnFe2O4 

nanocrystalline semiconductor [17]. The physicochemi-

cal, electrical, and magnetic properties of spinel ferrites 

show a major effect of adding cations and how they are 

distributed between the tetrahedral and octahedral 

interstitial sites, as well as influencing the manufactur-

ing procedure to a large extent. These parameters are 

determined by the synthesis technique, calcining tem-

perature, chemical content, concentration and type of 

dopants utilized [16, 17]. Microwave applications bene-

fit from their low cost, high saturation magnetization, 

high Curie temperature, high resistance, and low eddy 

current losses [18]. 

The effect of Nd3+ ions added to Mg-Cd nanocrystal-

lite ferrites prepared by the oxalate co-precipitation 

technique on the gas sensing characteristics for LPG, 

chlorine (Cl2), and ethanol (C2H5OH) was investigated 

in this paper. 

 

2. EXPERIMENTAL PROCEDURES 
 

Spinel ferrites were synthesized by the oxalate co-

precipitation method with 5 wt. % Nd3+ ions added and 

with the general formula Mg1 – xCdxFe2O4 (x  0.5). 

Starting materials included High Purity Analytical 

Reagents (AR) MgSO4.7H2O (purity 99.5 %, Thomas 

Baker), 3CdSO4.8H2O (purity 99.99 %, Thomas Baker), 

FeSO4.7H2O (purity 99.5 %) and Nd2(SO4)3.8H2O (Alfa 

Aesar). 

All the materials were weighed according to their 

proportions and dissolved in double distilled water. A 

solution with pH 4.0 can be maintained by adding 
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H2SO4 concentration. The solution was stirred until 

complete precipitation was obtained with the addition 

of ammonium oxalate of AR grade (Sd Fine-Chem. Ltd). 

In order for the magnesium oxalate, cadmium oxalate, 

and ferrous oxalate precipitate to settle down, it was 

heated on a hot plate for 1 h. A quantitative filter paper 

(HiMedia Lab) was used to filter and wash the precipi-

tate several times with distilled water. A barium chlo-

ride test confirmed the removal of sulphate ions. After 

drying and pre-sintering at 100 C for 1 h, the precipi-

tate was cooled. An agate mortar was used to mill pre-

sintered powders and to sinter them for 5 h at 500 C. 

The sintered powder was mixed with the binder 

(2 wt. % polyvinyl alcohol). In addition to 90 wt. %, 

binders such as 4 wt. % ethyl cellulose, 5 wt. %  

2-(2-butoxy ethoxy) ethyl acetate, and 1 wt. % ethyl 

acetate were used. Thick films were created using the 

screen-printing technique. 

The test gases, chlorine, LPG and ethanol were ob-

tained from a commercially available gas cylinder. At 

room temperature, the Philips PW-3710 X-ray powder 

diffractometer measured patterns in the range of  

200-80 using Cu-K radiation (  1.5424 Å). Debye 

Scherrer's formula was used to calculate the crystallite 

size. A scanning electron microscope (JEOL-JND 6360 

model, Japan) was used to examine the surface morphol-

ogy. Perkin-Elmer FTIR spectrum spectrometer using 

the pellet technique measured the IR absorption spectra 

of powdered samples between 350 and 800 cm – 1. 

 

3. RESULTS AND DISCUSSION 
 

Structural analysis (XRD, SEM and FTIR) of 

5 wt. % Nd3+ ions added to the Mg-Cd ferrites under 

investigation has already been reported [20]. 
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Fig. 1 – XRD pattern of Mg0.5Cd0.5Nd0.01Fe1.99O4 ferrites 
 

The XRD pattern of Mg0.5Cd0.5Nd0.01Fe1.99O4 with 

Nd3+ addition is shown in Fig. 1. In samples containing 

orthoferrite (NdFeO3) secondary phases, cubic spinel 

structures can be found, 36.79 nm is the average size of 

crystallization. 
 

 
 

Fig. 2 – SEM image of Mg0.5Cd0.5Nd0.01Fe1.99O4 
 

In Fig. 2, we show a typical SEM micrograph of 

Mg0.5Cd0.5Nd0.01Fe1.99O4. Using the linear intercept 

method, Table 1 presents the average grain size of the 

samples. The range is about 0.38 µm. Based on the 

table, it can be seen that the grain size of Mg-Cd fer-

rites with added Nd3+ ions is smaller than that of the 

ferrites without added ions. The addition of Nd3+ ions 

slows down grain growth, probably because it is depos-

ited at the grain boundaries and, therefore, hinders 

grain motion [19]. 
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Fig. 3 – Infrared absorption spectra of Mg0.5Cd0.5Nd0.01Fe1.99O4 
 

The FTIR spectrum of Mg0.5Cd0.5Nd0.01Fe1.99O4 is 

shown in Fig. 3. In the range 543 cm – 1 and 471 cm – 1 

(ν1 and ν2), two absorption bands can be seen. The 

bands indicate well-formed ferrites [19]. 
 

Table 1 – Data on X-ray analysis of the Mg0.5Cd0.5Nd0.01Fe1.99O4 system 
 

Sample 
Crystal size 

D (nm) 

Lattice  

constant (Å) 

X-ray 

density 
Bond length (Å) Ionic radii (Å) Abortion band 

  α  A-O site B-O site rA rB ν1 ν2 

0.5 36.79 8.9014 4.3189 2.1478 2.2829 0.7979 0.9329 475.51 585.29 
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3.1 Gas Sensing Property 
 

Ethanol, chlorine, and LPG were chosen to demon-

strate the gas sensing performance of Nd3+ added Mg-

Cd ferrite material particles generated by the co-

precipitation process. The working temperature of the 

sensor corresponds to its reaction to ethanol, chlorine, 

and LPG gases, as shown in Fig. 4, which were the 

three gases, to which it showed the greatest selectivity 

(i.e., the highest response). The gas-sensing perfor-

mance of thick films with high surface-to-volume ratio 

sensors and near-spherical mesoporous surface shape 

was good. The species and amount of oxygen chemi-

sorbed on the surface regulate the resistance of ferrites, 

which are gas detecting mechanisms [20]. Nd-Mg-Cd 

ferrite sensors' performance is influenced by oxygen 

deposited on their surfaces. The surface of the molecu-

lar oxygen adsorbent is chemically adsorbent. During 

the following procedure, the molecular oxygen adsor-

bent is chemically adsorbed on the surface of a Nd-Mg-

Cd sensor: 
 

 
  2

22 2 adsadsadsgas OOOO . (1) 

 

The equilibrium shifts to the right with increasing 

temperature, resulting in the reduction of conductance. 

Equilibrium at high temperatures affects conductance 

and leads to decreasing conductance. The oxygen mole-

cule takes electrons from the Nd-Mg-Cd ferrite sensors, 

causing them to become more resistant [20]. As a result 

of their reaction with chemisorbed oxygen, Nd-Mg-Cd 

sensors are sensitive to reducing gases such as ethanol 

and LPG, which results in decreased resistance. The 

overall interaction on the surface of the ferrite sensor 

with oxygen species O−and O2
− is that of reducing gases, 

as indicated in the diagram [20]: 
 

 R(gas) ↔ R(ads), (2) 
 

 R(ads) + O−
(ads) ↔ RO(ads)+e−. (3) 

 

(i) The ferrite sensor element reacts with chemisorbed 

oxygen when exposed to LPG. Adsorbed oxygen is re-

moved from LPG when it interacts with hydrocarbons 

(CnH2n – 2). LPG reacts with chemisorbed oxygen as [22] 
 

 2CnH2n + 2 + O2⎺ → 2CnH2nO + 2H2O + 2e⎺, (4) 
 

where CnH2n + 2 represents various LPG hydrocarbons. 

(ii) Ethanol reacts with oxygen adsorption to pro-

duce electrons in the sensor's conduction band, there is 

less resistance. Some possible reactions can be de-

scribed as follows [23, 24]: 
 

 C2H5OH + O(ads)
– → C2H5O(ads)

– + H2O, (5) 
 

 C2H5O(ads)
– → (C2H5) O + e–. (6) 

 

(iii) At present, the chemisorption phenomenon is 

used to model high temperature behavior in oxide sen-

sors. As chlorine reacts with metal oxides upon contact 

with the sensor element, chlorides are formed. It could 

sorb surface oxygen vacancies, or it could react with or 

displace lattice oxygen. The following is a description of 

Cl2 chemisorption behavior on sensor surfaces [25]: 
 

 Cl2+2Osuf
2− → 2𝐶𝑙𝑠𝑢𝑓

− + 𝑂2 + 2𝑒−, (7) 
 

 Cl2+2𝑂0
𝑥 ↔2Cl0

•+O2+2e. (8) 

 

Kroger-Vink notation is used only for Eq. (8). A 

prime represents a negative charge, a dot represents a 

positive charge, and x represents neutrality, according 

to the lattice. Atoms with subscripts indicate normal 

sites of atoms; electrons with n indicate conduction 

electrons. As a result, surf and o denote species that 

adsorb on the surface and species that occupy lattice 

oxygen sites, respectively. 

Nd-Mg-Cd sensor resistance decreases due to reac-

tions (7) and (8) that donate electrons to the conduction 

band. 
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Fig. 4 – Variation of sensitivity as a function of the operating 

temperature for 5 wt. % Nd3+ added Mg0.5Cd0.5Nd0.01Fe1.99O4 

system 
 

Nd3+ ions added to a Mg1 – xCdxFe2O4 (x  0.5) ferrite 

sensor operate at 215 C with 91 % sensitivity to 

C2H5OH compared to 64 % for LPG and 72 % for Cl2. 

With high sensitivity and selectivity, this sensor de-

tects ethanol. Because of its smaller specific area and 

lower surface activity, the sensor requires higher oper-

ating temperatures, resulting in a weaker interaction 

between test gases and the sensor [20]. This shows that 

gas sensitivities are thermally activated and vary de-

pending on the type and composition of the gas. 
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Fig. 5 – Response and recovery characteristic of 5 wt. % Nd3+ 

added Mg0.5Cd0.5Nd0.01Fe1.99O4 system 
 

The response-recovery time of a gas sensor is criti-

cal when it is subjected to decreasing gas and subse-

quently removed. The response-recovery curves of Nd3+ 

ions added to Mg0.5Cd0.5Nd0.01Fe1.99O4 for LPG, Cl2 and 

C2H5OH are shown in Fig 5. It can be seen from the 
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figure that, Mg0.5Cd0.5Nd0.01Fe1.99O4 ferrite containing 

Nd3+ ions responds quickly (180 s) to LPG and (240 s) 

to C2H5OH. The sensor element has a large recovery 

time ( 360 s). 

 

4. CONCLUSIONS 
 

Mg-Cd ferrites with Nd3+ ions added exhibit bipha-

sic nature based on XRD. The average crystallite size is 

36.79 nm. SEM grain size shows 0.38 m, FTIR shows 

well-formed ferrites. Mg0.5Cd0.5Nd0.01Fe1.99O4 ferrite 

sensor with Nd3+ ions added exhibits higher response 

than Mg-Cd ferrites. The maximum response was ob-

served on the sensor at 100 ppm. Ethanol is more sen-

sitive, and LPG and chlorine are less sensitive. Micro-

structure, temperature, gas substitutions and test gas 

type have a significant impact on gas response. 
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Синтез і характеристики наночастинок фериту Mg-Cd (Mg0.5Cd0.5Nd0.01Fe1.99O4),  

легованого Nd3+, отриманого у формі товстої плівки для датчиків газу 
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Методом оксалатного співосадження отримано нанокристалітні ферити з додаванням Nd3+ до зра-

зка, формула якого Mg1 – xCdxFe2O4 (x = 0.5). Для характеристики зразків використовували FTIR, XRD 

та SEM. За даними XRD, структура являє собою кубічну шпінель з ортоферитом (NdFeO3) як вторин-

ною фазою. Розмір кристалітів складає 36,8 нм. SEM аналіз морфології поверхні вказує на розмір зе-

рна 0,38 мкм. У спектрі FTIR спостерігаються дві сильні смуги поглинання в діапазоні 350-800 см – 1. 

Нам вдалося виявити різні гази, такі як Cl2, LPG і етанол, використовуючи газовий датчик від кімна-

тної температури до 500 C. Для газоподібного етанолу з 100 ppm при 500 C склад 

Mg0.5Cd0.5Nd0.01Fe1.99O4 має найбільший відгук. Зразки феритового датчика Mg-Cd з додаванням Nd3+ 

демонструють гарний відгук та час відновлення. Склад матеріалу, тестовий газ і розмір зерен визна-

чають час для завершення тесту. 
 

Ключові слова: Нанокристаліт, Хімічний синтез, SEM, Селективність, Час відгуку. 
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