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The oxalate co-precipitation method was used to prepare nanocrystallite ferrites with Nd3+ added to the
general formula Mg: -.Cd.Fe204 (x = 0.5). FTIR, XRD, and SEM were all used to characterize the samples.
According to XRD, the structure is cubic spinel with orthoferrite (NdFeOs) as a secondary phase. The crys-
tallite size is 36.79 nm. SEM analysis of surface morphology indicates a grain size of 0.38 um. There are
two strong absorption bands observed in the FTIR spectrum in the range of 350-800 cm -!. We were able to
detect various gases such as Clz, LPG, and ethanol using the gas sensor from room temperature to 500 °C.
For 100 ppm ethanol gas at 500 °C, the Mgos5CdosNdo.o1Fe1.9004 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 AB204
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
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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 ZnFe2Os
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 (Clz), and ethanol (C2Hs0H) 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 Mgi-:Cd:Fe204 (x=0.5).
Starting materials included High Purity Analytical
Reagents (AR) MgSO04.7H20 (purity 99.5 %, Thomas
Baker), 3CdS04.8H20 (purity 99.99 %, Thomas Baker),
FeSO4.7TH20 (purity 99.5 %) and Nd2(S04)3.8H20 (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=1.5424 A). 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 Mgo.sCdo.sNdo.o1Fe1.9904 ferrites

The XRD pattern of Mgo.5CdosNdo.o1Fe1.90904 with
Nd3* addition is shown in Fig. 1. In samples containing
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orthoferrite (NdFeQOs) secondary phases, cubic spinel
structures can be found, 36.79 nm is the average size of
crystallization.
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Fig. 2 — SEM image of Mgo5CdosNdo.oi1Fe1.9004

In Fig. 2, we show a typical SEM micrograph of
Mgo5Cdo.sNdo.o1Fe1.9904. Using the linear intercept
method, Table 1 presents the average grain size of the
samples. The range is about 0.38 pm. 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 Mgo.sCdosNdo.o1Fe1.9904

The FTIR spectrum of Mgos5CdosNdo.o1Fe1.9904 is
shown in Fig. 3. In the range 543 cm~1! and 471 cm -1
(vi and v2), two absorption bands can be seen. The
bands indicate well-formed ferrites [19].

Table 1 — Data on X-ray analysis of the Mgo5Cdo.sNdo.o1Fe1.9904 system

Crystal size Lattice X-ray . .. .
Sample D (nm) constant (A) density Bond length (A) Ionic radii (A) Abortion band
a A-Osite | B-O site ra rB v1 v2
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:

OZgas <« OZads A\ 2oads <« O:ds . (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 03 is that of reducing gases,
as indicated in the diagram [20]:

Rgas) © Rads), 2
Rds) + O (ads) « ROGasyte. 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
(CrH2n-2). LPG reacts with chemisorbed oxygen as [22]

2C,Hz2n+2 + 02~ — 2C,H2,0 + 2H20 + 2e, (4)

where CrHzx + 2 represents various LPG hydrocarbons.

(i1) 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]:

C2H50H + Oasy” — C2H50(aasy~ + H20, 5)
C2H50@ds~ — (C2Hs) O + e (6)

(ii1) 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
Clz chemisorption behavior on sensor surfaces [25]:
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Cla+20%; - 2Cl5,r + 0, + 2¢7, (7
Cla+20% ©2C15+02+2e. ®)

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 MgosCdosNdo.o1Fer.9904
system

Nd3* ions added to a Mgi-.Cd:Fe20s (x=0.5) ferrite
sensor operate at 215°C with 91 % sensitivity to
C2H50H compared to 64 % for LPG and 72 % for Cla.
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 Mgo5CdosNdo.o1Fe1.9904 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 MgosCdo.sNdo.o1Fe1.9904 for LPG, Clz and
C2H50H are shown in Fig 5. It can be seen from the
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figure that, Mgo5CdosNdo.o1Fe1.9904 ferrite containing
Nd?* ions responds quickly (180 s) to LPG and (240 s)
to CeH50H. 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
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Cunres i xapakrepuctuku HaHodacTuHok gpepury Mg-Cd (MgosCdosNdo.o1Fe1.9904),

nerosanoro Nd3+, orpumanoro y ¢popmi TOBCTOI MUIIBKH JJIs1 JATYUKIB rasy
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MeTo0M OKCAIATHOTO CIIIBOCA/ZKEHHS OTPUMAHO HAHOKPHUCTAJIITHI (peputH 3 momaBauusam Nd3* mo spa-
3ka, popmyna axoro Mg -.Cd:Fez04 (x = 0.5). Jlyist xapakrepuctukn 3paskiB BukopucroByBaiau FTIR, XRD
ta SEM. 3a garnumu XRD, crpyrrypa siBisie coboro ky6iuny mimiress 3 oprodpepurom (NdFeOs) sk Bropma-
ot dason. Poamip kpucramiTie crimagae 36,8 um. SEM anasria Mopdosiorii moBepxHi BKadye Ha po3Mip 3e-
pra 0,38 mrMm. ¥V cuerrpi FTIR crocrepiratrorsest 181 CHIIBbHI CMyru MOTJIMHAHHS B miana3oHi 350-800 cm 1.
Hawm Bnasiocss BusiButu pisui rasu, Takl sk Clz, LPG 1 eTamoJi, BUKOPUCTOBYIOUM Ta30BUI TaTYUK B KIMHA-
tHOl Temmeparypu go 5H00°C. Jms rasomomibmoro eradomy 3 100 ppm mpm 500 °C  cruag
Mgo.5Cdo.sNdo.oiFe1.9904 Mmae matibinpmmit Biaryk. 3pasku dgepuroBoro matuunka Mg-Cd 3 mogaBammsm Nd3+
JIEMOHCTPYIOTh TapHUH BIArYK Ta 4yac BigHoBJeHHs. CKyiajg MaTepiasly, TeCTOBHH rad i po3Mip 3epeH BU3HA-
YA0Th YAC [IJISI 3aBEPIIeHHS TECTy.

Kmiouosi cnosa: Hamoxpucrasir, Ximiuanii cuares, SEM, CenerxrusHicts, Yac BiaTyKy.
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