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Stronsiyum

Production of strontium
hexaferrite ceramic magnet

hekzaferrit

seramik
mlknatls_
uretimi

OZET

Ferrit olarak adlandirilan manyetik
seramik malzemeler ilave bir metalik
iyon iceren demir oksitli bilesiklerdir.
Genellikle ferritler, yumusak ve sert
ferritler olmak Uzere iki gruba
ayritirlar. Bu calismayla, iyi
demanyetizasyon direnglerinin yani
sira, maliyetleri de distik olan
stronsiyum ferrit kalici seramik
miknatislarin Uretimi incelenmistir.
Demir oksit (Fe,05) kaynagi olarak
hematit (~% 99,97 Fe,05), stronsiyum
oksit (SrQ) icin stronsiyum karbonat
(SrCO3) ve tane biyiimesi kontroli
icin silika (~% 99 SiO,) kullanilmistir.
Stokiyometrik olmayan Sr0.4Fe,05,
Sr0.5Fe,04, Sr0.5,5Fe, 05 ve
stokiyometrik Sr0.6Fe,04
bilesiklerinin karisimlari hazirlanmis
ve karistirma, 6gitme, kalsinasyon,
sekillendirme, baglayici uzaklastirma,
sinterleme ve manyetizasyon
islemleri uygulanmustir. Kalsinasyon
1000, 1100 ve 1200 °C’de 4 saat olarak
yapilmistir. Kalsine edilen tozlarda
olusan fazlar X-isinlari kirinim cihazi
(XRD] ile belirlenmistir. Butin
numuneler ayni sicaklikta ve rejimde
sinterlenmislerdir. Daha sonra ytizey
duzgunlikleri saglanip, manyetizor
yardimi ile manyetik hale
getiritmislerdir. Elde edilen son iiriin
olan stronsiyum hekzaferrit seramik
miknatislarin yogunluklari ve
manyetik ozellikleri tespit edilmistir.

Anahtar Kelimeler : Manyetik
seramikler, ferrit, stronsiyum
hekzaferrit Gretimi, manyetik
ozellikler.

1. GIRIS

Ferritlerin yapisinda demir oksit
(Fe,05) ve cesitli ilave metal iyonlart
bulunur. Fe,05 ile birlesen iyonlar
kristal yapiyi ve ferritin tipini belirler.
Yumusak ferrritler manyetik alandan
¢ikarildiktan sonra manyetik
ozelliklerini yavas yavas kaybetmeye
baslarlar yani gecici manyetiklik
sergilerler. Yumusak feritlerin cogu
ters spinel yapisinda olup, MO.Fe,04
veya MFe»0y genel bilesimine
sahiptirler. M iki degerlikli metal
iyonunu, (Fe*2, Mn*2, Ni*2veya Zn*?)
gostermektedir. Yumusak ferritler
dakikada bir ¢ok kez manyetizasyon
kullanilmaya baslanmistir. Sert ferrit
seramik kalici miknatislar disuk
maliyetlerinden dolayi elektrik

ABSTRACT

Magnetic ceramics classified, as
ferrites are iron oxide compounds
that contain an additional metallic ion.
Ferrites are commonly divided into
two groups such as soft and hard
ferrites. In this study, the production
of strontium hexaferrite ceramic
permanent magnets was investigated
because of their low cost besides good
resistance to demagnetisation.
Hematite [Fe203 with ~% 99,97 purity),
strontium carbonate (SrCO3) as SrO
source and silica (SiO, ~% 99 purity)
as a grain growth-controlling agent
were used for the experimental work.
Stoichiometric compound of
Sr0.6Fe,05 and a series of non-
stoichiometric compounds
SrO.AFe203 ) SrO.5FeZO3 ,
Sr0.5.5Fe,05 were prepared by using
classical ceramic processing route.
Calcination was done at 1000, 1100
and 1200 °C for 4 hours. Phases in
the calcined powders were
determined by X-ray diffractometer
(XRD). All samples were sintered
obeying the same thermal regimes.
After surface preparation for
smoothness, the samples were
magnetized by using magnetizer. The
densities and magnetic properties of
the final products were investigated
by using the relevant techniques.

Key Words: Magnetic ceramics,
Ferrite, Production of strontium
hexaferrite, Magnetic properties.

1. INTRODUCTION

Iron oxide (Fe,04) and various
additional metallic ions are present
in the structure of ferrites. lons
combining with Fe, 05 determine the
crystal structure and ferrite type. Soft
ferrites are going to loose their
magnetic properties slowly after
removing them from magpnetic field.
In otherwords, they exhibit temporary
magnetization. Most soft ferrites have
inverse spinel structure and have the
general composition MO.Fe,05 or
MFe,0,, where M is a divalent metal
ion such as Fe*2, Mn*2, Ni*2veya Zn*2.
Soft ferrites are the obvious choice
for applications requiring ac power
and high frequency operation since
they must be magnetized and
demagnetised many times per
second. Some of the most important
uses for soft ferrites are low-signal
levels, memory-core, audiovisual, and
recording-head applications. Hard
ferrites show permanent magnetic
behaviour. Most of the hard ferrites,
which are used for permanent
magnets, have the general chemical
formula of MFe1,,0,9 or MO.6Fe,05
and these are hexagonal in crystal



motorlarinda, jeneratorlerde,
rolelerde ve motorlarda genis bir
uygulama alani bulur. Elektrik
uygulamalarina ornek olarak
hoparlor miknatislari, telefon zilleri
ve alicilari gosterilebilir. Bunlar ayni
zamanda kapi kapama tutaclarinda,
contalarinda ve mandallarinda ve
cesitli oyuncaklarda kullanilirlar. [1-
5]. Sekil 1°de stronsiyum hekzaferritin
(SrFeq2019 veya Sr0.6Fe,04) kristal
yapisi gosterilmektedir [6].

structure. The most important ferrite
of this group is barium hexaferrite
(Ba0.6Fe,05), which was introduced
by the Philips Company in 1952 under
the trade name Ferroxdure. In recent
years, the barium hexaferrites have
been replaced to some extent by the
strontium hexaferrites

Sekil 1: Stronsiyum hekzaferritin (SrFe,01) kristal yapisi.
Figure 1: The crystal structure of strontium hexaferrite (SrFe;,019).

Seramik miknatislar onemli bir
ozellik olan yiiksek elektriksel
direncin saglanmasi icin yogun,
homojen ve kristalin yapida metal
oksitlerin kimyasal olarak
baglanmasiyla elde edilmektedirler
[7]. Normalde seramik miknatis
yapiminda hammadde olarak demir
oksit ve Ba, Sr gibi karbonatlar
kullanilir. Ferritlerin manyetik
ozellikleri cogunlukla sentezlenen
tozlarin dretim yontemlerine baglidir
[7]. ILgili konularda pek ¢ok galisma
mevcuttur. Stronsiyum hekzaferrit
tozlari geleneksel olarak, SrCO;ve
Fe,05'lin yiiksek kalsinasyon
sicakliklarinda (~1200 °C) kati-hal
reaksiyonu sonucu elde edilirler [8].
Bunun disinda ultra-ince SrFe;,049
tozu hazirlamak icin hidrotermal [9-
10], tuz-ergitme (salt-melt) [11],
birlikte-coktiirme [12-15], sol-jel [16]
ve sonokimyasal [17] gibi diistik
sicaklik kimyasal yontemleri de
kullanilmaktadir. Seramik
miknatislar genelde BaO veya BaCO,
veya Sr bilesiklerinin Fe, 05 ile
karistiritlmasi ve bu tozlarin 1000-
1200 °C arasinda kalsinasyon islemi
yapildiktan sonra sekillendirilip 1200-
1300 °C sinterlenmesiyle Uretilirler

[18]. Genelde kalsinasyon sicaklig
1100-1200 °C arasinda iken daha iy
manyetik 6zellikler elde edilmektedir
[71. Yapilan bir calisma sonucunda
1200-1250 °C’de sinterlenen
miknatislarda tane biylimesinin
dusuk ve tane yapisinin ¢ok diizgin
oldugu belirlenmistir [19]. En yiiksek
yogunluga ise 1250 °C’de
sinterlenmis numunelerde
ulasilmistir [19]. Stronsiyum
hekzaferritte Fe,04/Sr0 oraninin
manyetik ozelliklere etkisinin
incelendigi bir baska calismayla en
iyi manyetik 6zelliklerin (kontrolli
Si0, ve Ca0 ilaveleriile) optimum
oranin 5,75-5,85 olmasi sonucu
ortaya ciktigi belirlenmistir [20].
Murillo ve arkadaslari [21] manyetik
partikillerin hizalanmasi amaciyla
manyetik alan altinda toz enjeksiyon
kaliplama sonucu sinterleme yapip
anizotropik Sr-ferrit kalici
miknatislarini Uretmis ve ylksek
manyetik ozelliklere sahip
malzemeler elde etmislerdir.

(Sr0.6Fe,05), which have superior magnetic
properties compared with the barium hexaferrites.
Hard ferrite ceramic permanent magnets find
widespread use in electrical motors, generators,
relays and motors. Electronic applications include
magnets for loudspeakers, telephone ringers and
receivers. They are also used for holding devices
for door closers, seals, and latches and in many
toy designs [1-5]. Crystal structure of strontium
hexaferrite is shown in Figure 1 [6].

Ceramic magnets consist of chemically combined
mixtures of metallic oxides that produce a dense,
homogeneous, crystalline structure possessing
the important property of high resistivity [7]. The
raw materials for making ferrite magnets are
normally iron oxide and carbonates of Ba or Sr.
The magnetic properties of ferrites are largely
dependent on the processing routes of the
synthesized powders [7]. There have been many
studies on the related subjects. Traditionally,
strontium hexaferrite powders are synthesized
by a mixed oxide ceramic method, which involves
the solid-state reaction between SrCOz and Fe,04
at a high calcination temperature (~1200 °C) [8].
Besides this, to prepare ultra-fine SrFe,049
powder low temperature chemical methods such
as hydrothermal [9-10], salt-melt [11], co-
precipitation [12-15], sol-gel [16] and sonochemical
[17] have been also employed. Ceramic magnets
are produced by mixing Fe;05 with BaO, BaCO3
or Sr compounds followed by calcination at 1000-
1200 °C and shaping and sintering at 1200-1300
°C[18]. In general, better magnetic properties are
obtained when the calcination temperature is in
between 1100-1200 °C [7]. In the result of a study
it was determined that grain growth is low and
grain structure is fine in the magnets, which were
sintered in 1200-1250 °C [19]. The samples sintered
at 1250 °C had the highest density achieved [19].
With the other study of which the effect of ratio of
Sr0 to Fey05 in strontium hexaferrite on magnetic
properties was investigated, the best magnetic
properties was obtained (with controlled addition
of Si0, and Ca0) by the optimum Fe;03/Sr0 ratio
varying from 5.75 to 5.85 [20]. Murillo et. al. [21]
produced permanent anisotropic magnets by
powder injection moulding under magnetic field
in order to align the magnetic particles. Sintering
followed this procedure and highly magnetic
materials were obtained.

In this existing study, strontium hexaferrite ceramic
magnets have been produced by the result of
calcination, sintering and magnetization processes
of stoichiometric and non- stoichiometric mixtures.

2. EXPERIMENTAL STUDIES

In this study, strontium carbonate (Aldrich
Chemicals, % 98 SrCO5), hematite (~% 99,97 Fe,05)
provided from Kale Maden and amorphous silica
(SIGMA-Aldrich Chemicals, ~% 99 SiO,) that has
a particle size between 0.5-10 ym were used as
raw materials. Figure 2 shows the production flow
chart of strontium hexaferrite ceramic magnets.
Fe,03/Sr0 molar ratio in the recipe prepared was
determined as 4,5, 5.5and 6. 1 wt. % SiO, was
added to each composition in order to prevent
grain growth. The samples were coded as H-4,
H-5, H-5.5 and H-6 depending on the Fe,05/Sr0
molar ratios. After mixing in dry medium, raw
materials were milled for 4 hours.
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Mevcut ¢alismada ise stokiyometrik
ve stokiyometrik olmayan karisimlarin
kalsinasyon, sinterleme ve
manyetizasyon islemleri sonucu
stronsiyum hekzaferrit seramik
miknatislari Uretilmistir.

2. DENEYSEL CALISMA

Deneylerde, stronsiyum karbonat
(Aldrich Chemicals, % 98 SrCO5), Kale
Maden’den temin edilen hematit (~%
99,97 Fe,05) ve tane boyutu 0,5-10
pm olan amorf Si0, (SIGMA-Aldrich
Chemicals, ~%99 Si02] hammaddeleri
kullanitmistir. Stronsiyum hekzaferrit
seramik miknatislari tretim akim
semasi Sekil 2'de gorilmektedir.
Karisimlardaki Fe203/SrO oranlari 4,
5, 5,5 ve 6 olarak belirlenmis ve
receteler hazirlanmistir. Her bir
receteye tane blylimesinin kontrolu
icin agirlik¢a % 1 kadar da SiO, ilave
edilmistir. Kullanilan Fe,04/SrO
oranlarina gore numunelere H-4, H-
5, H-5,5 ve H-6 kodlari verilmistir.
Hammaddeler kuru olarak
karistirildiktan sonra Zr-bilyeli
degirmende saf su ile 4 saat yas
ogutilmiistiir. Ogitlilen malzemeler
Nuve marka FN 500 model etiivde
kurutulup Nabertherm marka N
20/HR model 1340 °C'lik firinda
kalsine edilmistir. Kalsinasyon islemi
aliimina krozelerde, 5 °C/dak isitma
hiziyla 1000 °C, 1100 °C ve 1200 °C
gibi farkli sicakliklara ¢ikilip bu
sicakliklarda 4 saat stireyle yapilmistir.
Kalsinasyon islemi sonrasi elde edilen
toz, Zr-bilyeli degirmende saf suile 4
saat 6giitilmistiir. Ogiitme islemi
bitiminde, karisima tozun agirlik¢ca %
0,3t kadar Poli Etil Glikol (PEG)
baglayicr katilip, degirmen 15-20
dakika daha karistirilmistir.
Degirmenden alinan malzeme etiivde
kurutulup sonrasinda agat havan
yardimiyla tozlastinlmistir. Bu tozlarin
XRD analizleri ile stronsiyum
hekzaferrit fazinin varligr aranmistir.
Stronsiyum hekzaferrit tozlarindan
3'er gramlk tartimlar alinip tek
eksenli el presinde 50 kg/cm? basincla
presleme yapilmistir. Her bir
bilesimden altisar adet pelet
hazirlanmistir. Nabertherm marka
N 20/HR model 1340 °C'lik firinda,
preslenen peletler 4,5 °C/dak hizla
450 °C'ye cikarilip 1 saat bekletilmis
ve 100 dakikada sogutularak baglayici
uzaklastirilmistir. Baglayici
uzaklastirma isleminden sonra
numuneler ayni firnda 5 °C/dak hizla
1250 °C’ye cikarilip 4 saat sure ile

sinterlenmislerdir. Sinterlenen
numunelerin yogunluklari Arsimed
yontemi ile dl¢tlmistir. Sinterlenen
numunelerin ylizey dizgunlikleri
saglandiktan sonra, Newport Pagnell
England marka bir manyetizor
yardimiyla 15 A - 30V ile yaklasik 1
Tesla’lk manyetik alan i¢inde 10
saniye kadar tutulup
manyetiklestirilmislerdir. Bu
islemden sonra, kalict manyetik
ozelliklere sahip stronsiyum
hekzaferrit seramik miknatislari elde
edilmistir.

3.SONUCLARVE TARTISMA

Farkl sicakliklarda kalsinasyon islemi
yapilmis tozlarin X-isinlari kirinim
analizi alinarak, olusan fazlar
incelenmistir. Literattire gore
beklenen temel fazlar SrFe;,049,
F6203VE Sr7Fe10022'dir [22, 23]
Yapilan XRD analizleri sonucu, tim
regeteler icin bittin kalsinasyon
sicakliklarinda stronsiyum hekzaferrit
(SrFe4,04¢) manyetik fazinin olustugu
belirlenmistir (Sekil 3-6).

SFCO3 Sio, F9203
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v
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Stronsiyum Hekzaferrit Seramik Miknatis /
Strontium Hexaferrite Ceramic Magnet

Sekil 2:
Stronsiyum hekzaferrit seramik miknatis
Uretimi akim semasi.

Figure 2:
Flow chart of strontium hexaferrite
ceramic magnet production.

Deionised water and Zr balls were
used as milling media. Milled
materials were dried in Niive FN 500
drying oven and then calcinated at
1340 °C in Nabertherm N 20/HR
furnace. Calcination process was
performed using alumina crucibles
at temperatures 1000 °C, 1100 °C
and 1200 °C. Holding time was
determined 4 hours and heating rate
was 5 °C/min. The powder obtained
atthe end of the calcinations process
was milled for 4 hours in a medium
containing Zr balls and deionised
water.

Milling process was continued for 15-
20 minutes more after adding 0.3 wt.
% polyethyleneglychol (PEG] as
binder. After drying in drying oven,
the resulting material was grinded in
agate mortar. Presence of strontium
hexaferrite in obtained powders was
investigated by XRD analysis. Six
strontium hexaferrite pellets for each
composition were prepared by
uniaxial pressing at 50 kg/cm?. After
debinding process, samples were
sintered at 1250 °C for 4 hours.
Heating rate was 5 °C/min. The bulk
densities of the sintered and then
parallel polished specimens were
measured by using Archimedes
method. Holding in a magnetic field
magnetized the sintered samples with
smoothed surfaces with
approximately 1 Tesla for 10 seconds.
The current and the voltage were 15
Aand 30V, respectively. Newport
Pagnell England magnetizer was
used for this application. Strontium
hexaferrite permanent ceramic
magnets were obtained as a result of
this procedure.

3. RESULTS AND
DISCUSSIONS

The phases, which were determined
by the X-ray diffraction analysis of
calcined powder in different
temperatures, have been examined.
According to the literature expected
basic phases are SrFe;,049, Fe,05
and SryFeg0y, [22, 23]. As a result
of XRD analysis, strontium hexaferrite
(SrFe;,049) Magnetic phase has been
determined for all recipes at the
calcination temperatures (Figure 3-
6). Hematite (Fe,05 ) and Sr;Fe;(04,
(7Sr0.5Fe,05) phases were also
observed. As the calcination
temperature increased, it has been
determined that value of peak intensity
of undesired and unreacted hematite
phase (Fe,05) decreased and



Bunun yaninda hematit (Fe,05) ve SrFe;¢0,, (7Sr0.5Fe,05)
fazlari da tespit edilmistir. Kalsinasyon sicakliginin
artmasiyla, yapidaki istenmeyen ve tepkimeye girmemis
olan hematit (Fe,05) fazina ait pik siddeti degerlerinin azaldigi
ve SrFe;,049 manyetik fazinin arttigi belirlenmistir.
Stokiyometrik stronsiyum hekzaferrit recetesi (H-6) haric
diger tim recetelere ait yapilarda kalsinasyon sicakliginin
artmaslyla, SryFeqq0o, fazinin pik siddeti degerinin arttigi
gorulmustur. H-4 recetesinde bu fazin en yiiksek degerde
oldugu bulunmustur. Sonug olarak, SrFe,0,9 manyetik
fazina ait pik siddeti degerleri kalsinasyon sicakligi ile
artmaktadir. Manyetik fazin icerigi ne kadar fazla ise, son
Urndn manyetik ozellikleri de o kadar iyi olmaktadir.

Cizelge 1'de stokiyometrik olmayan (Sr0.4Fe,05, Sr0.5Fe,05,
Sr0.5,5Fe,05) ve stokiyometrik (Sr0.6Fe,05) miknatislarinin
yogunluklarive manyetik 6zellikleri goriilmektedir. Glinimiz
ferrit teknolojisinde hemen hemen 4,9 g/cm3 yogunluk elde
edilmektedir. Bu calisma sonucu, ortalama 4,4 g/cm3
yogunluga ulasilmistir. Yiksek manyetizasyon ve kalici
manyetizasyon degerleri elde etmek icin malzeme mumkin
oldugu kadar yogun olmalidir [7]. Lineer output hall effect
sensorii (3501) yardimiyla, tretilen miknatislarin N ve S
kutuplarindaki ytzey voltaj farkindan hesaplanan tahmini
kalici manyetizasyon degerlerine ( Br) gére en fazla kalici
manyetizasyona sahip numunelerin H-5.111 (641,43 G) ve H-
5,5.111 (651,43G) oldugu bulunmustur. Ayrica, genel olarak
kalsinasyon sicakliginin artmasiyla, kalici manyetiklik degeri
de artmistir. Yani, en iyi manyetizasyon gdsteren numuneler
kalsinasyon sicakligi 1200 °C olan numunelerdir.

4. GENEL SONUCLAR VE ONERILER

Stronsiyum hekzaferrit seramik miknatislarinin tretimi
basariyla gerceklestirilmis ve elde edilen bulgulara gore su
sonuclara varilmistir :

In Table 1, densities and magnetic properties of non-
stoichiometric (Sr0.4Fe,05, Sr0.5Fe,05, Sr0.5,5Fe,04) and
stoichiometric (Sr0.6Fe,05) magnets can be seen. Obtained
densities are nearly 4,9 g/cm3 in today’s ferrite manufacturing
technology. As a conclusion of this study, approximately 4,4
g/cm?3 density has been reached. To get high magnetization
and permanent magnetization values, material should be
as denser as it is possible [7]. Approximate permanent
magnetization values are calculated from the difference
between surface voltages of N and S poles using linear
output Hall effect sensor (3501). According to these
calculations, the highest magnetization values are found to
belong to the samples H-5.111 (641,43 G) and H-5.5.111 (651,43G).
Furthermore, with the increase of calcination temperature
generally, the value of permanent magnetization has been
increased. Namely, the samples showing the best
magnetization are the samples having calcination
temperature 1200 °C.

4. CONCLUSIONS AND SUGGESTIONS

The production of strontium hexaferrite has been done
successfully and we have the following conclusions:

1. By increasing the calcination temperature, it has been
seen that magnetic phase in the structure was increased
and this increase influenced the magnetic properties of the
final product. The best results were obtained at the 1200 °C
calcinations temperature. Calcination temperature and the
amount of magnetic phase depend on this effects the
magnetic properties of the last product, magnet.

| | . -
_ = L4
— . .: 145 14 2T w8
| s
i a
i ¥ il la = Bl | = -
5 I| ! &l - —
s | _._!I,"::-q-_ wa tt‘:""ll
- - & & & - -
-

Sekil 3: H-4 tozunun farkl kalsinasyon sicakliklarindaki XRD analizi sonuclari

[+ : SrFe12019, e : Hematit [F9203]. o: Sr7Fe10022].

Figure 3: XRD analysis results of H-4 powder at different calcination temperatures.

(+:SrFeq,04, ® : Hematit (Fe,05), m: SryFe;q0yy).
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Sekil 4: H-5 tozunun farkl kalsinasyon sicakliklarindaki XRD analizi sonuglari
(+: SrFe 5049, ® : Hematit (Fe,04),m: SryFe;g0yy).

Figure 4: XRD analysis results of H-5 powder at different calcination temperatures.
(+: SrFe 5049, ® : Hematit (Fe,05),m: SroFe;g0).
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Sekil 5: H-5,5 tozunun farkl kalsinasyon sicakliklarindaki XRD analizi sonuglari
(+:SrFe 5049, ® : Hematit (Fe,05),m: SryFe;g05,).

Figure 5: XRD analysis results of H-5,5 powder at different calcination temperatures.
(+:SrFe 049, ® : Hematit (Fe,04),m: SroFe0,,).
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Sekil 6: H-6 tozunun farkl kalsinasyon sicakliklarindaki XRD analizi sonuclari
(+: SrFe504, © : Hematit (Fe,03),m: SryFe;q0,y).

Figure 6: XRD analysis results of H-6 powder at different calcination temperatures.
(+:SrFe 5049, ® : Hematit (Fe,03),m: SryFe1g0y).
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1- Kalsinasyon sicakliginin artmasiyla,
yapidaki manyetik fazin arttigi ve bu
artisin son trlindeki manyetik ozellikleri
etkiledigi gorilmistur. En iyi sonuglar
1200 °C kalsinasyon sicakliginda elde
edilmistir. Kalsinasyon sicakligi ve buna
bagli olarak manyetik fazin miktari son
urin olan miknatisin manyetik
ozelliklerini etkilemektedir.

2- Numunelerde istenilen yogunluga
tam olarak ulasilamamistir. Daha

yuksek sicaklklarda sinterlemeile veya
soguk izostatik presleme (CIP) ile daha
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3- Manyetik 6zellik testi sonucu en
iyi kalict manyetizasyonu, 1200 °C'de
kalsine edilmis H-5 (111} ve H-5,5 (Il1)
numuneleri gostermistir.
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2. Actually it wasn't reached to the
desired densities in the samples.
Higher densities can be reached with
the sintering in high temperatures or
with the cold isostatic pressing (CIP).

3. As a result of magnetic property
test, H-5 (Ill) and H-5.5 (Ill) samples
that have been calcined at 1200 °C
showed the best permanent
magnetization.
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Numune | Kalsinasyon sicakligi (°C) Sinterleme sicakligi (°C) | Yiginsal (bulk) yogunluk (gr/cm3)
Sample Calcination temperature (°C) | Sintering temperature (°C) | Bulk density (gr/cm3)

Relatif Br (mV)
Relative Br (mV)

Kalici manyetizasyon (G : gauss)
Permanent magnetization

H-41) 1000 1250 4,66 4,13

H-5(1) 1000 1250 4,13 3,77 538,57
H-5,5 (1) 1000 1250 4,22 3,68 525,71
H-6(1) 1000 1250 4,36 3,52 478,57
H-4 (1) 1100 1250 4,77 4,29 612,86
H-5(11) 1100 1250 4,28 4,00 571,43
H-5,5 (1) 1100 1250 433 3,79 541,43
H-6 (1) 1100 1250 4,50 3,65 512,86
H-4 (111) 1200 1250 4,93 3,78 540
H-5(111) 1200 1250 4,81 4,49 641,43
H-5,5(111) 1200 1250 471 4,56 651,43
H-6(11) 1200 1250 4,80 414 591,43

Gizelge 1: Uretilen stronsiyum hekzaferrit seramik miknatislarinin bazi 6zellikleri
Table 1: Some properties of produced strontium hexaferrite ceramic magnets.

Kaynakga / Bibliography

1- Smith, W. F., “Materials Science and Engineering”, 2nd Edition, McGraw-Hill, s: 809-856 (1993).

2- Lloyd, A., “Applications of Hard and Soft Ferrites”, Key Engineering Materials, Vols. 122-124, 5:175-182 (1996).

3-Schneider, S. J., “Ceramics and Glasses (Engineered Materials Handbook]”, Part : Magnetic Ceramics (Ferrites), ASM International, 1161-1165 (1991).

4-W.D. Kingery, H.K. Bowen, D.R. Uhlmann, “Introduction to Ceramics”, John Wiley and Sons, (1960).

5- Levinson, L.M., “Electronic Ceramics : Properties, Devices and Applications”, General Electric Company, Marcel Dekker, Inc., New York, (1988].

6- Smith, J. & Wijn, H. P. J., “Ferrites”, Philips Research Laboratories, Philips Technical Library, s: 177-184 (1959).

7- Valenzuela, R., "Magnetic Ceramics”, Cambridge University Press, s: 98-120 (1994).

8- Haberey, F., and Kockel, A., “The Formation of Strontium Hexaferrite SrFe12019 from Pure Iron Oxides and Strontium Carbonate”, IEEE Trans. Magn., Mag-12
(1976) 983-985.

9- Ataie, A., Haris, . R., Ponton, C. B., "Magnetic Properties of Hydrothermal Synthesized Strontium Hexaferrite as a Function of Synthesis Conditions”, Journal of
Materials Science, 30 (1995) 1429-1433.

10-Wang, J. F., Ponton, C. B., Haris, |. R., “A Study of the Magnetic Properties of Hydrothermally Synthesized Sr-Hexaferrite with Sm Substitution”, Journal of
Magnetism and Magnetic Materials, 234 (2001) 233-240.

11-Guo, Z. B,, Ding, W. P., Zhong, W., Zhang, J. R., Du, Y. W., “Preparation and Magnetic Properties of SrFe{7019 Particles Prepared by the Salt-Melt Method",
Journal of Magnetism and Magnetic Materials, 175 (1997) 333-336.

12- Calleja, A., Tijero, E., Martinez, B., Pinol, S., Sandiumenge, F., Obradors, X., “Hexaferrite Particles by Co-Precipitation and Lyophilization”, Journal of Magnetism
and Magnetic Materials, 196-197 (1999) 293-294.

13 - Ataie, A., Heshmati-Manesh, S., “Synthesis of Ultra-Fine Particles of Strontium Hexaferrite by a Modified Co-Precipitation Method”, Journal of European Ceramic Society,
21(2001) 1951-1955.

14-Chen, D. H., Chen, Y. Y., “Synthesis of Strontium Ferrite Nanoparticles by Co-Precipitation in the Presence of Polyacrylic Acid”, Materials Research Bulletin, 37
(2002) 801-810.

15-Wang, J. F., Ponton, C. B., Haris, I. R., “Ultrafine SrM Particles with High Coercivity by Chemical Coprecipitation”, Journal of Magnetism and Magnetic Materials,
242-245(2002) 1464-1467.

16-Martinez Garcia, R., Reguera Ruiz, E., Estevez Rams, E., “Structural Characterization of Low Temperature Synthesized SrFe12019”, Materials Letters, 50 (2001)
183-187.

17-Sivakumar, M., Gedanken, Zhong, W., Du, Y. W., Bhattacharya, D., Yeshurun, Y., Fehner, I., “Nanophase Formation of Strontium Hexaferrite Fine Powder by
the Sonochemical Method Using Fe[CO)5", Journal of Magnetism and Magnetic Materials, 268 (2004) 95-104.

18-Davis, J. R., “Metals Handbook” (Desk Edition), ASM International, 20.5-20.11, (1999).

19-King, H. W., Payzant, E. A., Wallace, J. B., Smith, S. W. and 20- Arnold, D. F., “Solid State Phenomena”, Vol. 25 & 26 (1992) 157-164.

21-Choroust, V., “Effect of Silicon and Calcium Oxides on Strontium Ferrite *, Pokroky Praskove Metal., Vol 35, No 1 (1997) 24-29.

22- Murillo, N., Gonzales, J., Guraya, C., Gutierrez, M., Seco, F. J., “Structural and Magnetic Properties of Sintered Sr-Ferrites Fabricated by Powder Injection
Molding”, Journal of Magnetism and Magnetic Materials, 203 (1999) 165-168.

23-Kaczmarek, W. A, ldzikowski, B., Miiler, K.-H., "XRD and VSM Study of Ball-Milled SrFe12019 Powder”, Journal of Magnetism and Magnetic Materials, 177-
181, (1998) 921-922.

24-Seyyed Ebrahimi, S. A., “Optimisation of Hydrogen Treatment of Strontium Hexaferrite Powder”, Key Engineering Materials, Vols. 224-226 (2002) 155-158.



