
ÖZET

Ferrit olarak adland›r›lan manyetik
seramik malzemeler ilave bir metalik
iyon içeren demir oksitli bilefliklerdir.
Genellikle ferritler, yumuflak ve sert
ferritler olmak üzere iki gruba
ayr›l›rlar. Bu çal›flmayla, iyi
demanyetizasyon dirençlerinin yan›
s›ra, maliyetleri de düflük olan
stronsiyum ferrit kal›c› seramik
m›knat›slar›n üretimi incelenmifltir.
Demir oksit (Fe2O3) kayna¤› olarak
hematit (~% 99,97 Fe2O3), stronsiyum
oksit (SrO) için stronsiyum karbonat
(SrCO3) ve tane büyümesi kontrolü
için silika (~% 99 SiO2) kullan›lm›flt›r.
Stokiyometrik olmayan SrO.4Fe2O3,
SrO.5Fe2O3, SrO.5,5Fe2O3 ve
stokiyometrik SrO.6Fe2O3
bilefliklerinin kar›fl›mlar› haz›rlanm›fl
ve kar›flt›rma, ö¤ütme, kalsinasyon,
flekillendirme, ba¤lay›c› uzaklaflt›rma,
sinterleme ve manyetizasyon
ifllemleri uygulanm›flt›r. Kalsinasyon
1000, 1100 ve 1200 °C’de 4 saat olarak
yap›lm›flt›r. Kalsine edilen tozlarda
oluflan fazlar X-›fl›nlar› k›r›n›m cihaz›
(XRD) ile belirlenmifltir. Bütün
numuneler ayn› s›cakl›kta ve rejimde
sinterlenmifllerdir. Daha sonra yüzey
düzgünlükleri sa¤lan›p, manyetizör
yard›m› ile manyetik hale
getirilmifllerdir. Elde edilen son ürün
olan stronsiyum hekzaferrit seramik
m›knat›slar›n yo¤unluklar› ve
manyetik özellikleri tespit edilmifltir.

Anahtar Kelimeler : Manyetik
seramikler, ferrit, stronsiyum
hekzaferrit üretimi, manyetik
özellikler.

1. G‹R‹fi

 Ferritlerin yap›s›nda demir oksit
(Fe2O3) ve çeflitli ilave metal iyonlar›
bulunur. Fe2O3 ile birleflen iyonlar
kristal yap›y› ve ferritin tipini belirler.
Yumuflak ferrritler manyetik alandan
ç›kar›ld›ktan sonra manyetik
özelliklerini yavafl yavafl kaybetmeye
bafllarlar yani geçici manyetiklik
sergilerler. Yumuflak feritlerin ço¤u
ters spinel yap›s›nda olup, MO.Fe2O3
veya MFe2O4 genel bileflimine
sahiptirler. M iki de¤erlikli metal
iyonunu, (Fe+2, Mn+2, Ni+2 veya Zn+2)
göstermektedir. Yumuflak ferritler
dakikada bir çok kez manyetizasyon
kullan›lmaya bafllanm›flt›r. Sert ferrit
seramik kal›c› m›knat›slar düflük
maliyetlerinden dolay› elektrik
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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 (Fe2O3 with ~% 99,97 purity),
strontium carbonate (SrCO3) as SrO
source and silica (SiO2 ~% 99 purity)
as a grain growth-controlling agent
were used for the experimental work.
Stoichiometric compound of
SrO.6Fe2O3  and a series of non-
stoichiometric compounds
SrO.4Fe2O3 , SrO.5Fe2O3 ,
SrO.5.5Fe2O3  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 (Fe2O3) and various
additional metallic ions are present
in the structure of ferrites. Ions
combining with Fe2O3 determine the
crystal structure and ferrite type. Soft
ferrites are going to loose their
magnetic properties slowly after
removing them from magnetic field.
In other words, they exhibit temporary
magnetization. Most soft ferrites have
inverse spinel structure and have the
general composition MO.Fe2O3 or
MFe2O4, where M is a divalent metal
ion such as Fe+2, Mn+2, Ni+2 veya 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 MFe112O19 or MO.6Fe2O3
and these are hexagonal in crystal
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motorlar›nda, jeneratörlerde,
rölelerde ve motorlarda genifl bir
uygulama alan› bulur. Elektrik
uygulamalar›na örnek olarak
hoparlör m›knat›slar›, telefon zilleri
ve al›c›lar› gösterilebilir. Bunlar ayn›
zamanda kap› kapama tutaçlar›nda,
contalar›nda ve mandallar›nda ve
çeflitli oyuncaklarda kullan›l›rlar. [1-
5]. fiekil 1’de stronsiyum hekzaferritin
(SrFe12O19 veya SrO.6Fe2O3) kristal
yap›s› gösterilmektedir [6].

structure. The most important ferrite
of this group is barium hexaferrite
(BaO.6Fe2O3), 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

fiekil 1: Stronsiyum hekzaferritin (SrFe12O19) kristal yap›s›.
Figure 1: The crystal structure of strontium hexaferrite (SrFe12O19).

Seramik m›knat›slar önemli bir
özellik olan yüksek elektriksel
direncin sa¤lanmas› için yo¤un,
homojen ve kristalin yap›da metal
oksitlerin kimyasal olarak
ba¤lanmas›yla elde edilmektedirler
[7]. Normalde seramik m›knat›s
yap›m›nda hammadde olarak demir
oksit ve Ba, Sr gibi karbonatlar
kullan›l›r. Ferritlerin manyetik
özellikleri ço¤unlukla sentezlenen
tozlar›n üretim yöntemlerine ba¤l›d›r
[7]. ‹lgili konularda pek çok çal›flma
mevcuttur. Stronsiyum hekzaferrit
tozlar› geleneksel olarak, SrCO3 ve
Fe2O3’ün yüksek kalsinasyon
s›cakl›klar›nda (~1200 °C) kat›-hal
reaksiyonu sonucu elde edilirler [8].
Bunun d›fl›nda ultra-ince SrFe12O19
tozu haz›rlamak için hidrotermal [9-
10], tuz-ergitme (salt-melt) [11],
birlikte-çöktürme [12-15], sol-jel [16]
ve sonokimyasal [17] gibi düflük
s›cakl›k kimyasal yöntemleri de
kullan›lmaktad›r. Seramik
m›knat›slar genelde BaO veya BaCO3
veya Sr bilefliklerinin Fe2O3 ile
kar›flt›r›lmas› ve bu tozlar›n 1000-
1200 °C aras›nda kalsinasyon ifllemi
yap›ld›ktan sonra flekillendirilip 1200-
1300 °C sinterlenmesiyle üretilirler

[18]. Genelde kalsinasyon s›cakl›¤›
1100-1200 °C aras›nda iken daha iyi
manyetik özellikler elde edilmektedir
[7]. Yap›lan bir çal›flma sonucunda
1200-1250 °C’de sinterlenen
m›knat›slarda tane büyümesinin
düflük ve tane yap›s›n›n çok düzgün
oldu¤u belirlenmifltir [19]. En yüksek
yo¤unlu¤a ise 1250 °C’de
sinterlenmifl numunelerde
ulafl›lm›flt›r [19]. Stronsiyum
hekzaferritte Fe2O3/SrO oran›n›n
manyetik özelliklere etkisinin
incelendi¤i bir baflka çal›flmayla en
iyi manyetik özelliklerin (kontrollü
SiO2 ve CaO ilaveleri ile) optimum
oran›n 5,75-5,85 olmas› sonucu
ortaya ç›kt›¤› belirlenmifltir [20].
Murillo ve arkadafllar› [21] manyetik
partiküllerin hizalanmas› amac›yla
manyetik alan alt›nda toz enjeksiyon
kal›plama sonucu sinterleme yap›p
anizotropik Sr-ferrit kal›c›
m›knat›slar›n› üretmifl ve yüksek
manyetik özelliklere sahip
malzemeler elde etmifllerdir.

(SrO.6Fe2O3), 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 SrCO3 and Fe2O3
at a high calcination temperature (~1200 °C) [8].
Besides this, to prepare ultra-fine SrFe12O19
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 Fe2O3 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
SrO to Fe2O3 in strontium hexaferrite on magnetic
properties was investigated, the best magnetic
properties was obtained (with controlled addition
of  SiO2 and CaO) by the optimum  Fe2O3/SrO 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 SrCO3), hematite (~% 99,97 Fe2O3)
provided from Kale Maden and amorphous silica
(SIGMA-Aldrich Chemicals, ~% 99 SiO2) that has
a particle size between 0.5-10 µm were used as
raw materials. Figure 2 shows the production flow
chart of strontium hexaferrite ceramic magnets.
Fe2O3/SrO molar ratio in the recipe prepared was
determined as 4, 5, 5.5 and 6. 1 wt. % SiO2 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 Fe2O3/SrO
molar ratios. After mixing in dry medium, raw
materials were milled for 4 hours.



Mevcut çal›flmada ise stokiyometrik
ve stokiyometrik olmayan kar›fl›mlar›n
kalsinasyon, sinterleme ve
manyetizasyon ifllemleri sonucu
stronsiyum hekzaferrit seramik
m›knat›slar› üretilmifltir.

2. DENEYSEL ÇALIfiMA

Deneylerde, stronsiyum karbonat
(Aldrich Chemicals, % 98 SrCO3), Kale
Maden’den temin edilen hematit (~%
99,97 Fe2O3) ve tane boyutu 0,5-10
µm olan amorf SiO2 (SIGMA-Aldrich
Chemicals, ~%99 SiO2) hammaddeleri
kullan›lm›flt›r. Stronsiyum hekzaferrit
seramik m›knat›slar› üretim ak›m
flemas› fiekil 2’de görülmektedir.
Kar›fl›mlardaki Fe2O3/SrO oranlar› 4,
5, 5,5 ve 6 olarak belirlenmifl ve
reçeteler haz›rlanm›flt›r. Her bir
reçeteye tane büyümesinin kontrolü
için a¤›rl›kça % 1 kadar da SiO2 ilâve
edilmifltir. Kullan›lan Fe2O3/SrO
oranlar›na göre numunelere H-4, H-
5, H-5,5 ve H-6 kodlar› verilmifltir.
Hammaddeler kuru olarak
kar›flt›r›ld›ktan sonra Zr-bilyeli
de¤irmende saf su ile 4 saat yafl
ö¤ütülmüfltür. Ö¤ütülen malzemeler
Nüve marka FN 500 model etüvde
kurutulup Nabertherm marka N
20/HR model 1340 ̊ C’lik f›r›nda
kalsine edilmifltir. Kalsinasyon ifllemi
alümina krozelerde, 5 ̊ C/dak ›s›tma
h›z›yla 1000 ̊ C, 1100 ̊ C ve 1200 ̊ C
gibi farkl› s›cakl›klara ç›k›l›p bu
s›cakl›klarda 4 saat süreyle yap›lm›flt›r.
Kalsinasyon ifllemi sonras› elde edilen
toz, Zr-bilyeli de¤irmende saf su ile 4
saat ö¤ütülmüfltür. Ö¤ütme ifllemi
bitiminde, kar›fl›ma tozun a¤›rl›kça %
0,3’ü kadar Poli Etil Glikol (PEG)
ba¤lay›c› kat›l›p, de¤irmen 15-20
dakika daha kar›flt›r›lm›flt›r.
De¤irmenden al›nan malzeme etüvde
kurutulup sonras›nda agat havan
yard›m›yla tozlaflt›r›lm›flt›r. Bu tozlar›n
XRD analizleri ile stronsiyum
hekzaferrit faz›n›n varl›¤› aranm›flt›r.
Stronsiyum hekzaferrit tozlar›ndan
3’er graml›k tart›mlar al›n›p tek
eksenli el presinde 50 kg/cm2 bas›nçla
presleme yap›lm›flt›r. Her bir
bileflimden alt›flar adet pelet
haz›rlanm›flt›r. Nabertherm marka
N 20/HR model 1340 °C’lik f›r›nda,
preslenen peletler 4,5 °C/dak h›zla
450 °C’ye ç›kar›l›p 1 saat bekletilmifl
ve 100 dakikada so¤utularak ba¤lay›c›
uzaklaflt›r›lm›flt›r. Ba¤lay›c›
uzaklaflt›rma iflleminden sonra
numuneler ayn› f›r›nda 5 °C/dak h›zla
1250 °C’ye ç›kar›l›p 4 saat süre ile

Deionised water and Zr balls were
used as milling media. Milled
materials were dried in Nüve 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
at the 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/cm2. 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
A and 30 V, 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 SrFe12O19, Fe2O3
and Sr7Fe10O22 [22, 23]. As a result
of XRD analysis, strontium hexaferrite
(SrFe12O19) magnetic phase has been
determined for all recipes at the
calcination temperatures (Figure 3-
6). Hematite (Fe2O3 ) and Sr7Fe10O22
(7SrO.5Fe2O3) phases were also
observed. As the calcination
temperature increased, it has been
determined that value of peak intensity
of undesired and unreacted hematite
phase (Fe2O3) decreased and

sinterlenmifllerdir. Sinterlenen
numunelerin yo¤unluklar› Arflimed
yöntemi ile ölçülmüfltür. Sinterlenen
numunelerin yüzey düzgünlükleri
sa¤land›ktan sonra, Newport Pagnell
England marka bir manyetizör
yard›m›yla 15 A – 30 V ile yaklafl›k 1
Tesla’l›k manyetik alan içinde 10
saniye kadar tutulup
manyetiklefltirilmifllerdir. Bu
ifllemden sonra, kal›c› manyetik
özelliklere sahip stronsiyum
hekzaferrit seramik m›knat›slar› elde
edilmifltir.

3. SONUÇLAR VE TARTIfiMA

Farkl› s›cakl›klarda kalsinasyon ifllemi
yap›lm›fl tozlar›n X-›fl›nlar› k›r›n›m
analizi al›narak, oluflan fazlar
incelenmifltir. Literatüre göre
beklenen temel fazlar SrFe12O19,
Fe2O3ve Sr7Fe10O22’dir [22, 23].
Yap›lan XRD analizleri sonucu, tüm
reçeteler için bütün kalsinasyon
s›cakl›klar›nda stronsiyum hekzaferrit
(SrFe12O19) manyetik faz›n›n olufltu¤u
belirlenmifltir (fiekil 3-6).

fiekil 2:
Stronsiyum hekzaferrit seramik m›knat›s
üretimi ak›m flemas›.

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

SiO2SrCO3 Fe2O3

Kar›flt›rma / Mixing
(Fe2O3/SrO = 4, 5, 5.5 ve 6)

Ö¤ütme / Grinding

Kurutma / Drying

Kalsinasyon / Calcination

PEG

Ö¤ütme / Grinding

Kurutma / Drying

fiekillendirme / Shaping

Ba¤lay›c› uzaklaflt›rma /
Binder Burnout

Sinterleme / Sintering

Manyetiklefltirme /
Magnetization

Stronsiyum Hekzaferrit Seramik M›knat›s /
Strontium Hexaferrite Ceramic Magnet
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fiekil 5: H-5,5 tozunun farkl› kalsinasyon s›cakl›klar›ndaki XRD analizi sonuçlar›
(+ : SrFe12O19, • : Hematit (Fe2O3),  : Sr7Fe10O22).

Figure 5: XRD analysis results of H-5,5 powder at different calcination temperatures.
(+ : SrFe12O19, • : Hematit (Fe2O3),  : Sr7Fe10O22).

fiekil 4: H-5 tozunun farkl› kalsinasyon s›cakl›klar›ndaki XRD analizi sonuçlar›
(+ : SrFe12O19, • : Hematit (Fe2O3),  : Sr7Fe10O22).

Figure 4: XRD analysis results of H-5 powder at different calcination temperatures.
(+ : SrFe12O19, • : Hematit (Fe2O3),  : Sr7Fe10O22).

fiekil 6: H-6 tozunun farkl› kalsinasyon s›cakl›klar›ndaki XRD analizi sonuçlar›
(+ : SrFe12O19, • : Hematit (Fe2O3),  : Sr7Fe10O22).

Figure 6: XRD analysis results of H-6 powder at different calcination temperatures.
(+ : SrFe12O19, • : Hematit (Fe2O3),  : Sr7Fe10O22).

fiekil 3: H-4 tozunun farkl› kalsinasyon s›cakl›klar›ndaki XRD analizi sonuçlar›
(+ : SrFe12O19, • : Hematit (Fe2O3),   : Sr7Fe10O22).

Figure 3: XRD analysis results of H-4 powder at different calcination temperatures.
(+ : SrFe12O19, • : Hematit (Fe2O3),   : Sr7Fe10O22).

In Table 1, densities and magnetic properties of non-
stoichiometric (SrO.4Fe2O3, SrO.5Fe2O3, SrO.5,5Fe2O3) and
stoichiometric (SrO.6Fe2O3) 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/cm3 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.III (641,43 G) and H-5.5.III (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 ºC
calcinations temperature. Calcination temperature and the
amount of magnetic phase depend on this effects the
magnetic properties of the last product, magnet.

131

Bunun yan›nda hematit (Fe2O3) ve Sr7Fe10O22 (7SrO.5Fe2O3)
fazlar› da tespit edilmifltir.  Kalsinasyon s›cakl›¤›n›n
artmas›yla, yap›daki istenmeyen ve tepkimeye girmemifl
olan hematit (Fe2O3) faz›na ait pik fliddeti de¤erlerinin azald›¤›
ve SrFe12O19 manyetik faz›n›n artt›¤› belirlenmifltir.
Stokiyometrik stronsiyum hekzaferrit reçetesi (H-6) hariç
di¤er tüm reçetelere ait yap›larda kalsinasyon s›cakl›¤›n›n
artmas›yla, Sr7Fe10O22 faz›n›n pik fliddeti de¤erinin artt›¤›
görülmüfltür. H-4 reçetesinde bu faz›n en yüksek de¤erde
oldu¤u bulunmufltur. Sonuç olarak, SrFe12O19 manyetik
faz›na ait pik fliddeti de¤erleri kalsinasyon s›cakl›¤› ile
artmaktad›r. Manyetik faz›n içeri¤i ne kadar fazla ise, son
ürünün manyetik özellikleri de o kadar iyi olmaktad›r.

Çizelge 1’de stokiyometrik olmayan (SrO.4Fe2O3, SrO.5Fe2O3,
SrO.5,5Fe2O3) ve stokiyometrik (SrO.6Fe2O3) m›knat›slar›n›n
yo¤unluklar› ve manyetik özellikleri görülmektedir. Günümüz
ferrit teknolojisinde hemen hemen 4,9 g/cm3 yo¤unluk elde
edilmektedir. Bu çal›flma sonucu, ortalama 4,4 g/cm3

yo¤unlu¤a ulafl›lm›flt›r. Yüksek manyetizasyon ve kal›c›
manyetizasyon de¤erleri elde etmek için malzeme mümkün
oldu¤u kadar yo¤un olmal›d›r [7]. Lineer output hall effect
sensörü (3501) yard›m›yla, üretilen m›knat›slar›n N ve S
kutuplar›ndaki yüzey voltaj fark›ndan hesaplanan tahmini
kal›c› manyetizasyon de¤erlerine ( Br ) göre en fazla kal›c›
manyetizasyona sahip numunelerin H-5.III (641,43 G) ve H-
5,5.III (651,43G) oldu¤u bulunmufltur. Ayr›ca, genel olarak
kalsinasyon s›cakl›¤›n›n artmas›yla, kal›c› manyetiklik de¤eri
de artm›flt›r. Yani, en iyi manyetizasyon gösteren numuneler
kalsinasyon s›cakl›¤› 1200 °C olan numunelerdir.

4. GENEL SONUÇLAR VE ÖNER‹LER

Stronsiyum hekzaferrit seramik m›knat›slar›n›n üretimi
baflar›yla gerçeklefltirilmifl ve elde edilen bulgulara göre flu
sonuçlara var›lm›flt›r :



1- Kalsinasyon s›cakl›¤›n›n artmas›yla,
yap›daki manyetik faz›n artt›¤› ve bu
art›fl›n son üründeki manyetik özellikleri
etkiledi¤i görülmüfltür. En iyi sonuçlar
1200 °C kalsinasyon s›cakl›¤›nda elde
edilmifltir. Kalsinasyon s›cakl›¤› ve buna
ba¤l› olarak manyetik faz›n miktar› son
ürün olan m›knat›s›n manyetik
özelliklerini etkilemektedir.

 2- Numunelerde istenilen yo¤unlu¤a
tam olarak ulafl›lamam›flt›r. Daha
yüksek s›cakl›klarda sinterleme ile veya
so¤uk izostatik presleme (CIP) ile daha
yüksek yo¤unluklara ulafl›labilir.

3- Manyetik özellik testi sonucu en
iyi kal›c› manyetizasyonu, 1200 °C’de
kalsine edilmifl H-5 (III) ve H-5,5 (III)
numuneleri göstermifltir.
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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 (III) and H-5.5 (III) samples
that have been calcined at 1200 ºC
showed the best permanent
magnetization.
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H-4 (I)

H-5 (I)

H-5,5 (I)

H-6 (I)

H-4 (II)

H-5 (II)

H-5,5 (II)

H-6 (II)

H-4 (III)

H-5 (III)

H-5,5 (III)

H-6 (III)

Numune
Sample

Kalsinasyon s›cakl›¤› (̊ C) Sinterleme s›cakl›¤› (̊ C) Y›¤›nsal (bulk) yo¤unluk (gr/cm3) Relatif Br (mV) Kal›c› manyetizasyon (G : gauss)
Calcination temperature (̊ C) Sintering temperature (̊ C) Bulk density (gr/cm3) Relative Br  (mV) Permanent magnetization

1000

1000

1000

1000

1100

1100

1100

1100

1200

1200

1200

1200

1250

1250

1250

1250

1250

1250

1250

1250

1250

1250

1250

1250

4,66

4,13

4,22

4,36

4,77

4,28

4,33

4,50

4,93

4,81

4,71

4,80

4,13

3,77

3,68

3,52

4,29

4,00

3,79

3,65

3,78

4,49

4,56

4,14

590

538,57

525,71

478,57

612,86

571,43

541,43

512,86

540

641,43

651,43

591,43

Çizelge 1: Üretilen stronsiyum hekzaferrit seramik m›knat›slar›n›n baz› özellikleri
Table 1: Some properties of produced strontium hexaferrite ceramic magnets.
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