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Ceramic Gas and Magnetic Sensor Materials Research Group

(CGMSM) is formed to foster research on physical properties of novel oxide
materials and magnetic materials which relevant for their potential
applications.

Spintronics
S

1. Magnetic Sensor Materials

The emergence of spintronic technology is based on ma
spin to sense magnetic field. Currently, the large ch
observed in presence of magnetic field in some semicon
materials called Giant Magnetoresistance (GMR) lead
spintronic-based devices.

The change in resistivity due to magnetic field was al
manganites material called Collosal Magnetoresistance (
To elucidate the exchange mechanism, electri
properties of selected electron doped manganites
for potential technological applications as magnetic

2. Gas Sensor: Development of ceramic oxygen sensor:

The mechanism of hot spot formation upon application of external
voltage has been explain in terms of joule heating due to large voltage
drop as a result of large increase in resistivity. The hot- spot based
RE123 oxygen sensing (self heating oxygen sensor) are now being
explored without some form of external heating to detect oxygen gas.
After the appearance of a hot spot, sensor current strongly depended
on the oxygen partial pressure at a particular selected voltage and flow
rate of the gas.
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« Many activities emphasize on the following
areas:

. Synthesis : Fabricated magnetic sensor elements
and gas sensor materials as well as to analysis of
the electrical as well as magnetic properties based
on experimental and the theoritical framework

. Characterization : Investigation on the
performance of the studied material as a sensor
element

. Enhance Scientific knowledge: To enhance
knowledge of the possible mechanism involved on
the observed properties

. Knowledge and technology transfer to
clients/researcher/ collaborators includes problem
solving : Through research activity, training and
consultant.
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Inducement of ferromagnetic-metallic phase in intermediate-doped

charge-ordered Pry-sNa, --Mn0O; manganite by K substitution

K. Rozilah®, M. Ibrahim®, Z. Mohamed®, A K. Yahya™*, Nawazish A. Khan®, M. Nasir Khan®
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ARTICLE INFO

ABSTRACT

Kapuerds:

M gnites

tharge andered
Magnetic [ropeTtis
Electrical properties
Magne e sietan o

Polyorystalline Pro mNagas BoMnOn (x = 0, 006, 0.10, 15 and 0.20) cermmics were preparsd using
comventional salid-stie method and their structural, megnetic and electrical transport properties were
investigated  Magnetation versus tempeture measurements showed un-substituted sample exhibited
paramagnstic behavior with charge-ordersd temperture, Top around 218 K followsd by antiferroma gnetic
bhehanior 2t transition #mperature, Ty ~ 170 E. K -substitufion initially weakened 00 state or x= 005010
then sccesfully suppresesd the 00 st for ¥ = 015020 and indudng fermmagnetic-param agnetic
transifion with Curie tempermture, Toinoessesd with x. In addition, deviafion of the temper e

of inverss magnetic suseptibil ity curves from the Curie-Weiss law sug gests the existence of Griffiths phase- like
ineressed with x. Magnetiation venmus magneticfisld curves show existence of hysteresis loops 2t T < 260 Kix
=0)and T = 180K (xr = 0050 10), which relxted to metamagnetic transifion ocowrring at critio] fisld
Electrical mesistivity messurements showsd an insulsting behaviar for x = 0 smple while for x = 005020
samples showsd metal-insulstor transition and transition emperature, Ty, inoressed with x The increassd in
Ty el Tyyy are atiribubed to the increzse in tolerance fackor which indicstes meduction in M0, adzhed=]
distartion consequenthy enhenced double sxchange intersction
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ORIGINAL PAPER

Inducement of Itinerant Electron Transport

in Charge-Ordered Pr(.¢Cay.4MnO3 by Ba Doping

N. Ibrahim® - A. K. Yahya!

Abstract The effects of Ba®™ doping on the electrical
and magnetic properties of charge-ordered Pry Cap 4MniO5
were investigated through electrical resistivity and AC sus-
ceptibility measurements. X-ray diffraction data analysis
showed an increase in unit cell volume with increasing
Ba?* content indicating the possibility of substituting Bat
for the Ca-site. Electrical resistivity measurements showed
insulating behavior and a resistivity anomaly at around
220 K. This anomaly is attributed to the existence of charge
ordering transition temperature, T&, for the x = 0 sample.
The Ba-substituted samples exhibited metallic to insulator
transition (M) behavior, with transition temperature, Tuy.
increasing from ~98 K (x = 0.1} to ~122 K (x = 0.3). AC
susceptibility measurements showed ferromagnetic to para-
magnetic (FM-PM) transition for Ba-substituted samples
with FM-PM transition temperature, 7, increasing from
~121 Kix = 0.0 to ~1T0 K {x = 0.3), while for x =0, an
antiferromagnetic to paramagnetic transition behavior with
transition temperature, Ty, ~ 170 K was observed. In addi-
tion, inverse susceptibility versus T plot showed a deviation
from the Curie—Weiss behavior above T, indicating the
existence of the Griffiths phase with deviation temperature,
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T, increasing from 160 K (x = 0.1 to 206 K (x = 0.3).
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In this study, Eu, Pr,Ba,Cu;O;; (x =
0.05, 0.10, and 0.20) ceramic
rectangular rods were prepared by the
solid-state = reaction  method to
investigate the effect of Pr doping on
oxygen sensing behaviours. X-ray
powder diffraction analysis showed all
rods were orthorhombic in structure
with reduction in orthorhombicity upon
doping. For all samples, the I-V curve
showed a relatively constant output
current after the appearance of hot-
spot. The magnitude of the constant
output current was observed to be
decreasing with increasing Pr doping
which indicates possible reduction in
intrinsic  hole  concentration. In
addition, the output current for rods
with x = 0.0, 0.05 and 0.10 showed a
sudden drop upon the appearance of
hot-spot, due to the sudden increase in
hot-spot temperature, before
becoming slightly constant.
Interestingly, the output current after
appearance of hot-spot for all rods
showed strong dependency on
ambient oxygen concentration. The
sensitivity for each rod, however,
reduces with increasing ambient
oxygen concentration. The doping
seems to prevent the sensitivity from
dropping to almost zero as was
previously reported for Eu(Ba,.
yPIy)2Cu307 5 rods due to existence of
Cu-O chains in the orthorhombic
structure. Pr doping (for x = 0.10) has
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Oxygen sensing behaviour of Pr
doped ceramic rods with hot-spot
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Effect of divalent ion substitution on oxygen sensing properties of hot-
spot based Eu, ,CaBa,Cu;0,;and Eu, Mg Ba,Cu;0, ; ceramics

In this paper effects of Ca and Mg substitution on
oxygen sensing properties of hot spot based
Eul23 rods are reported. Eu, ,Ca,Ba,Cu;0;;(x =
0.2-0.5) and Eu, MgBa,Cu;O;5; (r = 0.2-0.5)
ceramics were synthesized from oxide powders
using the standard solid state method and
fabricated into short rods. For Ca-substituted
rods, after appearance of a visible hot spot, a
constant current plateau in -V curve was formed.
The output current response of the rod in
periodically changing pO, between 20% and
100% showed improved  stability and
reproducibility for x = 0.4 compared to x = 0.2.

Improved oxygen absorption and desorption time |

was observed for x = 0.4 compared to previously
reported un-substituted rod. On the other hand,
for Mg-substituted rods the -V behavior after
formation of hot spot showed a negative slope.
Faster absorption time of 3.0s and desorption
time of 6.9s were observed for y = 0.4 compared
to y = 0.2. The improved output current stability,
reproducibility and response time is suggested to
be due to changes in oxygen activation energy
and increased hole concentration as a result of
Ca?*/Mg?* substitutions. The Mg-substituted rods
showed better performance compared to Ca-
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1. Effect of Cr’* substitution at Mn-site on
electrical properties and magnetoresistance
behavior of Bi, ;Pr, ,MnO,

(x=0.00, 0.004, 0.1). Norazila Binti Ibrahim
Ahmad Kamal Yahya Persidangan Fizik
Kebangsaan 2016: PERFIK 2016, 21-22 Disember
2016, Hotel Pullman, Kuala Lumpur, Malaysia.
Organizer : Universiti Malaya and Institut Fizik
Malaysia

2. Structural, Electrical Transport and
Magnetoresistance Behaviour of Ru Doped
Nd, ;sNa, ;;Mn,; Ru,O;

(x=0.00,0.05, 0.07) Manganites. NORAZILA
BINTI IBRAHIM*, MARYAM ZAINAL AFIRFIN,
NUR ALYA AMIRAH BINTI ROSLI and AHMAD
KAMALYAHYA. 29t RCSSST2016 ( Regional
Conference on Solid State, Science and
Technology), KSL Hotel Johor Bahru, Universiti
Teknologi Malaysia ( 15-17 November 2016 )
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3. “Inducement of Ferromagnetic Metallic
Phase by Ni Doping at Mn-Site of Charge
Ordered Monovalent Doped
Nd0.75Na0.25MnO3 Manganites”.Siti
Maryam¥*, Norazila Ibrahim, A. K.Yahya and
Zakiah Mohamed. 29th RCSSST2016  (
Regional Conference on Solid State, Science
and Technology), KSL Hotel Johor Bahru,
Universiti Teknologi Malaysia ( 15-17
November 2016 )

4. Electrical and magnetic properties in
charged-ordered monovalent-doped
Pr0.75Na0.25-xKxMnO3 manganites
ROZILAH RAJMI, AHMAD KAMAL HAYATI
YAHYA *, NORAZILA IBRAHIM AND ZAKIAH
BINTI MOHAMED, 29th RCSSST2016 (Regional
Conference on Solid State, Science and
Technology), KSL Hotel Johor Bahru, Universiti
Teknologi Malaysia ( 15-17 November 2016 ).
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List of papers accepted to be presented during conferences
(2017) 13 & 14 Nov 2017 ( The International Conference on Solid State

and Science Technology)

1. Effect of Cr3* Substitution At Mn-Site On Electrical and Magnetic
Properties Of Charge Ordered Bi, ;Pr, ;Ca, ,/MnO,; Manganites

Nor Asmiral'2”, N.Ibrahim?®* Zakiah Mohamed?3° and A. K.Yahya*<
Faculty of Applied Sciences, University Teknologi MARA, 40450

Shah Alam, Selangor, Malaysia

*corresponding author: noraz954@salam.uitm.edu.my

2. Magnetic and Electronic Transport Properties of Electron doped
Manganites La ; , Bi, Te, ;MnO,; Manganites (x = 0.00, 0.1)

N.Ibrahim ' Zakiah Mohamed , A.K.Yahya, and Rozilah Rajmi
Faculty of Applied Sciences, University Teknologi MARA, 40450

Shah Alam, Selangor, Malaysia

*corresponding author: noraz954@salam.uitm.edu.my



= 2L =2 < < <

SRS
UNIVERSITI
> TEKNOLOGI

MARA

FUTURE PLANS:

Workshop on magnetic characterization and related magnetic
properties _ magnetic sensor element
Collaboration with others researchers / industry—-fabrication
magnetic sensor element in thin film and its characterization
Lab open day : to share about research activity with others such as
final year students/ student from others school/
Increase the number of post grad students

Apply budget / grant :
Training : New technique of characterizations / enhance skill in
research or other related technique on fabrication of sensors
element
Expanding networking ; with others collaborators :



