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Synthesis and Characterization of Ni-Ti Partially Substituted Hexaferrites for
High-Density Magnetic Recording Applications

Ibrahim Bsoul’, Suaad Assrhan®, Sami H. Mahmood"®

a Physics Department, Al al-Bayt University, Al-Mafraq 13040, Jordan.
b Physics Department, The University of Jordan, Amman 11942, Jordan.
¢ Department of Physics and Astronomy, Michigan State University, East Lansing, MI 48824, USA.

Executive Abstract

M-type hexaferrite (AFe;,019; A = Ba%, Sr2+, Pb2+) is an important magnetic oxide exhibiting
magnetic properties suitable for a wide range of technological and industrial applications. The
magnetic properties of M-type hexaferrite can be tuned for a specific application by adopting suitable
synthesis routes and/or using special cationic substitutions for either Fe** or A*" cations. In particular,
coercive fields in the range of ~ 1 — 3 kOe and remnant magnetization > 20 emu/g are required for data
storage media in high-density magnetic recording applications. Partial substitution of Fe'" ions by
Co”"-Ti*" ions in BaM (BaFe;,0,0) or StM (SrFe;,05) hexaferrite was long recognized as an effective
procedure for reducing the coercivity to values appropriate for high- density magnetic recording,
without decreasing the remnant magnetization appreciably. Also, the effects of other substitutions
were extensively investigated. However, the M-type hexaferrite with Ni*"-Ti*" substitution was
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generally ignored, especially when compared with the extensively investigated Co”"-Ti*" substituted
system. This work was motivated by the potential of Ni-Ti substitution to reduce the coercivity of StM
hexaferrite to appropriate levels and maintain the remnant magnetization high enough for high-density
magnetic recording applications.

A set of SrFe;; »,Ni, Ti,0,9 hexaferrites was prepared by mixing and ball milling stoichiometric
ratios of high-purity starting powders, pelletizing in the form of 4 cm-diameter disks and sintering in
air at 1100° C for 2 hours. Rietveld analysis of the X-ray diffraction (XRD) patterns (Fig. 1) revealed
that all samples examined in this work (0.0 <x < 0.8) consisted of a single SrFe;,0,9 (StM) hexaferrite
phase (standard pattern ICDD file: 00-033-1340), with no secondary phases. The refined lattice
parameters decreased slightly (< 0.1%), but monotonically with the increase of x. Further, the
crystallite size in all samples fluctuated in the range of 60 — 70 nm, without any systematic behavior.
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FIG. 1. XRD patterns for SrFe;, »,Ni,Ti,0;9 samples.

The initial magnetization curves indicated that Ni-Ti substitution resulted in lowering the mean
switching field and softening the magnetic response of the hexaferrites with the increase of x. The
magnetic softening was also confirmed by magnetic hysteresis loop measurements on all samples (Fig.
2).

M (emu/g)

-10000 -5000 0 5000 10000
H (Oe)
FIG. 2. Hysteresis loops for SrFe;, 5,Ni, Ti,O;9 samples.
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Analysis of the magnetic data revealed a slow decrease of the saturation magnetization (from 67.6
emu/g at x = 0.0 to 65.3 emu/g at x = 0.8) and remnant magnetization (from 38.8 emu/g at x = 0.0 to
30.4 emu/g at x = 0.8) with the increase of x. These values, however, remained relatively high for
practical applications. The coercivity, on the other hand, exhibited a significant reduction with the
increase of x (from 4386 Oe at x = 0.0 to 1150 Oe at x = 0.8)). The remnant magnetization of ~ 30 — 36
emu/g and intermediate coercivity of ~ 1.2 — 3 kOe for the samples with 0.4 < x < 0.8 render these
materials suitable for high-density magnetic recording media. The effectiveness of Ni-Ti substitution
in reducing the coercivity without appreciably influencing the remnant magnetization is comparable
with the reported effectiveness of Co-Ti substitution, thus providing a cheaper alternative by avoiding
the use of Co.

The switching field distribution (SFD) revealed a progressive reduction of the mean magnetic
anisotropy field, H,, from 10 kOe at x = 0.0 to 2.8 kOe at x = 0.8. Fig. 3 shows representative curves
of the reduced isothermal remnant magnetization (m,) and their derivatives representing the SFD, from
which the mean anisotropy field was evaluated. The behavior of the SFD and H, is the main
mechanism responsible for the monotonic decrease of the coercivity with the increase of x.
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FIG. 3. Representative reduced IRM curves and their derivatives for the samples with x = 0.0 and 0.8.

The magnetization induced by an applied field of 100 Oe was measured versus temperature for all
samples. The results indicated that the Ni-Ti substitution did not lead to a significant reduction of the
Curie temperature, rendering the substituted hexaferrites suitable for high-density magnetic recording
at relatively high operating temperatures.

Keywords: Hexaferrites, Partial substitution, Nickel, Titanium, High-density magnetic recording.
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(D) ) c a 0)
.SrFe]g,szixTixO]g
X P a=b(A) c(A) V(A D (nm)
0.0 1.08 5.8814 23.0355 690.0652 62
0.2 0.95 5.8809 23.0272 689.6941 70
0.4 0.94 5.8796 23.0155 689.0417 66
0.6 1.08 5.8784 23.0116 688.6544 62
0.8 1.61 5.8773 23.0126 688.4088 60
) (crystallite
( 90° diameter, D)
(20 = 34.19
3.5 kOe [37] (Scherrer Equation)
_ kA
b= Bcos(8) (1)
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1
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) (initial
. magnetization curves)
) 3.5 kOe (x=0) 2

(

(switching field distribution)
.(magnetic anisotropy field)
2

(100 Oe)
(initial magnetic susceptibility,
3 Xi = H/M)
X

.(magnetic softening)

2+ 4+
Ni~-Sn
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Why Couldn’t Muslim Astronomers Discover the Heliocentric System?

M. B. Altaie
Physics Department, Yarmouk University, Irbid, Jordan.

Sara F. Al-Khateeb
Researcher, Jordan.

Extended Abstract

It comes to question the reasons why Muslim astronomers could not recognize the centrality of the Sun in the
planetary system. While Europeans have spent centuries in their dark ages, Muslims spent the same centuries
trying to verify the Ptolemaic planetary theory which has adopted the assumption of geocentricism, both
theoretically and observationally. Many generations of Muslim astronomers from the 8" century to the 15"
century lived circling in boring games of epicycles and deferments. Undoubtedly, Muslim astronomers devoted
great efforts for developing the astronomical observations. For this purpose, they invented and developed many
precise astronomical instruments and on the side of scientific literature, they wrote thousands of manuscripts in
astronomy and observational techniques.

This article questions the reasons why Muslim astronomers could not recognize the heliocentric system,
despite their serious critique of the Ptolemaic geocentric model. For this purpose, we try to interrogate the
astronomical manuscripts written by Muslim astronomers during the centuries before the Copernican
breakthrough, since it is now believed that the efforts of Muslim astronomers have contributed great deal to the
Copernican discovery of the heliocentric system. Some new studies in this area have already pointed to the fact
that prominent Muslim astronomers have criticized the Ptolemaic geocentric system starting with the article of
Ibn al-Haytham entitled “The Doubts about Ptolemy”, then al-Beruni’s assertion of the possibility of the
spinning Erath while rotating around the Sun which comes in his assessment of the Indian astronomers' claim of
the heliocentric model. The work of the astronomers of Muragha school and the Muragha observatory which was
erected in 1259 and their models proposing to explain the observed planetary motions using the intelligent model
of the “Tusi Couple”, in addition to the comments and suggestions of Ibn al-Shatir of Damascus about the lunar
motion have contributed a great deal to the advancement of astronomy. These and many other flash points in the
history of Islamic astronomy marked a strong zeal for a change that never took place. The question is: why could
not Muslims adopt a new paradigm?

This article emphasizes the fact that a transformation from the assumption of a geocentric system to a
heliocentric system required a fundamental paradigm shift from the Aristotelian belief in the geocentric
planetary system and the more developed Ptolemaic models. Such a paradigm was prevailing in the thoughts of
Muslim philosophers as well as the religious clerics. We point to the fact that in addition to the observed reality
of the celestial objects rotating around the Earth with different periods, the Aristotelian picture of the universe
was in agreement with the interpretations of some verses of the Qur'an related to the celestial motion. We point
here to the description of the heavenly spheres given by Ikhwan as-Safa who were a group of religious
philosophers with some influence in the scientific circle. While being in doubt about the Ptolemaic models,
Muslim astronomers were unable to continue their revolution to adopt a profoundly different model. The
traditional understanding of some religious texts may have influenced the realization of some scientific facts.
This may explain why Nasir al-Din al-Tusi, who belongs to the same sect of Ikwan as-Safa, resorted to device
his couple to explain the apparently non-circular orbits of the planets by circular motion of his couple. However,
we allude to the possibility that Muslim Mutakallimun could have achieved such a paradigm should they have
the chance to continue their project on the Islamic worldview of nature. The endeavour of Mutakallimun to
establish a rational and liberal attitude towards science and religion was negatively affected by their muddling
with the theological question more than the questions related to natural philosophy. Internal fight between
different factions of the Mutakallimun dispersed their efforts. Furthermore, the prohibition of kalam and the
debates related to kalam aborted any progress in the rational approach to establish a scientific trend in religious
studies.

Keywords: Geocentric model, Heliocentric model, Ptolemy, Tusi couple, Islamic astronomy.
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Extended Abstract

The aim of this research is to study the possibility of obtaining the short-lived radioisotope N by
colliding with a deuterium ion beam emitted by an NX2 dense plasma focus device with a graphite
target, as a technique alternative to the traditional technique for getting short-lived radioisotope (SLR)

accelerators.

Lee code was used to study the properties of the plasma pinch, which is the source of deuterium
ion beams. Then, a function of distributing the beam energy and stopping power was found within the
graphite using SRIM program. The reaction cross-section was also found from an EXFOR database

and the radiative yield of the reaction was calculated.

The radioactivity of "N was calculated and found to be equal to A = 4.14x10° Bq.
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The effect of the change in deuterium gas pressure on the radioactivity was studied and it was
found that the best value for the pressure is 3 Torr, where the number of deuterium ions is the greatest
amounting to 3.12x10"" ions and thus the radioactivity increased to 5.616 x10° Bq.

The effects of repetition rate of the studied dense plasma focus device and the exposure time of the
graphite target to deuterium ions were studied. The radioactivity was calculated at repetition rates
(1,5,10,16 ) Hz and exposure times (30,60,600) sec., where we noticed an increase in the value of
radioactivity at a repetition rate of 16 Hz and an exposure time of 600 sec., reaching to 28791 x 10’
Bq.

To obtain a radioactivity value for °N suitable for use in PET technique, the radioactivity value
was calculated at high repetition rates (50,100,500) Hz and exposure times (30,60,600) sec. We
obtained the value of radioactivity 527 x10° Bq at a repetition rate of 500 Hz and an exposure time of

300 sec. and this value is suitable for use in PET technique. However, there are technical difficulties in
the studied dense plasma focus device to obtain a high repetition rate of this value.

The radioactivity of N was calculated at very high times of exposure of the graphite target to
deuterium ions (1000, 1500, 2000, 2500, 3000) sec. at the repetition rates of the device studied. The
highest radioactivity value obtained was 55.79 x10° Bq at an exposure time of 3000 sec. and this
value is less than the required value for the required use in PET technique.

Keywords: Dense plasma focus device NX2, Lee code, Radioactivity.
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