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CoGa,Fe, .0, (x = 1.1;1.3) KRISTALLARININ MAQNITLONM®OSI, MAQNIT
HOSSASLIGI VO HISTEREZIiSi
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Bu yazida ters gevrilmis spinel strukturlu (ngm) CoGa,Fe,_,0, (x = 1.1;1.3) polikristal birlosmoalarinin magnit
todgiqatlarinin (magnit qavrayiciliginin temperaturdan asililiginin vo magnitlonmonin sahadon asililiginin 6l¢iilmasi) naticalori
togdim olunur.

Molyar magnit hossaslhiginin temperaturdan asililiginin tohlili géstordi ki, CoGayFe,_,0, (x = 1.1; 1.3) maddolori tiglin
Kiri temperaturu (T¢) uygun olaraq (x = 1.1 G¢iinT. = 210K, x = 1.3 iiglin isaT¢ = 143K) olan ferrimagnitlordir. 10 K
temperaturda doyma magnitlonmonin M, kamiyyati ilo CoGayFe,_,0, (x = 1.1; 1.3) molekulu {igiin ng Bor magnitonlarinin

NM; , burada Ny— Avogadro sabiti, ug— Bor magnitonudur. Sonra effektiv
AHMB

maqnit momenti ii¢lin asagidaki giymatilorini aliriq:

CoGa1.3Fe0704 UGN pegr = npug ~ 3.4up, CoGariFeosOs Uglin iss peff. = nBuB = 2.95uB olur.
CoGayFe,_,0, (x = 1.1;1.3) maddolorinin T=10K temperaturda M(H) molyar magnitlonmasinin sahadon asililiginda
histerezis halgas: askar edilmisdir. Maqnit histerezis halqasinin parametrlori vo formasi ferritlor Gglin xarakterikdir. Verilon

niimunolar asagidaki maqnit xiisusiyyatlerine malikdir: CoGaisFeo7Oa ligiin Ms=1.9-10* emu/mol; M=1.28-10* emu/mol;

say1 arasindaki olago asagidaki kimi verilir: ng =

H, = 25000e, CoGau.1Feo904 Ugln iss Ms =1.65 - 104 emu/mol; Mr = 1.05 - 104 emu/mol; Hc = 27000e olur.

Acar sozlor: Magnitlonmo; CoGayFe,_,0,4; Qavrayiciliq; Kiiri temperaturu.
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GIRIiS

Molumdur ki, CoFe;O4 kobalt ferriti foza qrupu
Fd3m olan tors gevrilmis spinel qurulusuna malikdir
[1]. Birinci yaxinlagsmada, CoFe;Oy strukturunda Fe®*
ionlar1 biitiin tetraedral vo oktaedral movqelarin yari-
sin1, Co?* iso oktaedral movgelarin qalan yarisini tutur
[1, 2], lakin kobalt atomlar1 ¢ox vaxt har iki altqofas
Uzorindo paylanir [3, 4, 5]. CoFe;O4 bilasmosi kegid
temperaturu toxminan 800 K (T, = 800 K) olan ferri-
maqnitdir [1]. 0 K temperaturda domirin magnit mo-
menti (Fe3*) (5ug), kobaltinki iso 3ug (Co%) toskil
edir. Muvafiq olarag, CoFe,O4 dlstur vahidi Ggiin tox-
minon 3ug olur [1]. Tocrlbi molumatlara goro, asagi
temperaturlarda CoFe;O4 birlosmasinin doyma magnit-
lanmasinin giymati 3. 7ug toskil edir [1]. Kobalt ferriti
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otaq temperaturunda sort maqnit ferritlori arasinda kifa-
yat godor yliksok doyma magnitlonmasino malikdir [1].
Otaq temperaturunda bu materialin tokdomenli hisse-
ciklorinin koersitiv qlivvasi 9 kOe [6-11], nazik tobags-
lorinki isa 11 kOe giymstindan ¢ox ola bilor.

NOTICOLOR VO ONLARIN MUZAKIROSI

Bu isdo tors cevrilmis spinel strukturlu (F d§m)
CoGayFe,_,0, (x = 1.1; 1.3) polikristal birlogsmolari-
nin magnit tadgigatlarinin (maqnit gavrayiciliginin
temperaturdan asililiginin vo magnitlanmoanin sahadon
astliliginin 6l¢iilmasi) naticalari togdim olunur.

Bu igin magsadi 5- 350K genis temperatur inter-
valinda CoGayFe,_,0, (x = 1.1;1.3) maddslorinin
magnit xassalarini 6yranmakdir.
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Sokil 1. CoGagFe,_40, (x = 1.1; 1.3) maddolaranin H = 100 Oe magnit sahasinds y(T) magnit gavrayicihginin vo

a " . <
onun ﬁ (T) téramasinin temperaturdan asililig1.
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Yuxaridaki birlogmalorin y magnit hassashigi vo
M magnitlonmasi 5-350 K temperatur intervalinda H
maqnit sahasinin giymoti 50 kOe-o godor olan SQUID-
magnitometrinds (SQUID MPMS5 magnetometer
from Quantum Design) olglilmiisdiir.

CoGa,Fe,_,0, (x = 1.1; 1.3) Ugun %(T) magnit
gavrayiciliginin va onun X

Z—T(T) téromosinin tempera-
turdan asililiglar: gakil 1-ds gostorilmisdir.
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CoGayFe,_,0, (x = 1.1;1.3) maddolaranin fer-
rimagnit gavrayiciligin Z—’T((T) téromasinin temperatur
astliligindan  mioyyon edilmisdir (x=1.1 Ugun
Tc~210K, x=1.3 i¢ln iso Tc=143K olur) (Sakil 1) [6,
7].
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Saokil 2. CoGagFe,_,0, (x = 1.1; 1.3) maddalarinin T = 10 K temperaturda M(H) molyar magnitlanmasinin sahadan

asilihig.

Ferritlor genis histerezis halqgasi va yliksak koersi-
tiv qlivvasi olan magnit cahatdon sart magnit birlosmo-
lori sinfino aiddir. Histerezis halqasinin formasi vo
onun parametrlori ferromagnitin torkibindon, onun
strukturundan vo temperaturundan, niimunodo defekt-
lorin paylanmasindan, ysni onun istehsal texnologi-
yasindan va sonraki fiziki emalindan (termal, mexaniki,
maqnit vs s.) asilidir. Magnitlonms histeresisi halqasina
uygun olaraq maqnit materialinin maksimum magqnit-
lonmo (M), qaliq maqnitlonmo (M,.), koersitiv qlv-
vasi (H,) kimi parametrlori miiayyan edilir. Sokil 2-do
CoGayFe,_,0, (x = 1.1; 1.3) birlogmalari {¢ln histe-
rezis halgalar gostorilmisdir. Magnit histerezis halqa-
smin parametrlori vo formasi ferritlor Gguin xarakterik-
dir. Verilon nlimunolor asagidaki magnit xiisusiyyatlo-

rina malikdir: CoGay 3Fep 704 acin
M; = 1.9 -10* emu/mol; M,. = 1.28 - 10* emu/mol;
H, = 25000e, CoGay.1Feg 904 Uciin iso

s =1.65 - 104 emu/mol; M; = 1.05 - 104 emu/mol;
H.=27000€ olur.

10 K temperaturda 6lciilon magnitlonmoanin sahs-
don asililiq ayrisindon H=40 kOe giymstindon yuxarida
magnitlonmanin doymaga meylli oldugunu goérmok
olar (sokil 2). 10K temperaturda doyma magnitlonms-
nin Ms komiyyati ilo CoGayFe,_,0, (x =1.1;1.3)
molekulu Gglin ng Bor maqnitonlarmin say1 arasindaki
alags agagidaki kimi verilir:

_ M
ng = )
Naup

burada N,— Avoqgadro sabiti, ug— Bor magnitonudur.
Sonra da effektiv maqnit momenti ii¢iin asagidaki
giymatlori alirq: CoGaj 3Fe0704 tciin
Uerr = Nplpg =~ 3.4ug, CoGayiFe9Oy iso
Uett. = NBUB = 2.95uB olur.

Cevrilmis spinel ferritlor Ggun yaranan magnit
momenti ikivalentli metal ionunun magnit momentino
baraboardir. Malumdur ki, geyri-maqnit ionlarinin okta-
edral yerlords yerlagan ionlarla avaz edilmasi, elacs da
tetrahedral yerlords ionlarin oavoz edilmasi Kiri tempe-
raturunun azalmasina sabob olur vo effektiv magnit
momentini  azaldir. Bizim halda bu giymat
(COG&1,3F60,704 UQUH Uegr = 3.4[13, COG&1,1F60,904
Ugin iso peff. = 2.95uB) CoFe,O, maddoasi Uglin
effektiv momentdon azdir.

Qeyd edok ki, bozi hallarda gafasin kristallografik
simmetriyas1 spinlorin dagiq antiparalel yonalmasinin
qadagan edilmasins gatirib ¢ixarir. Naticads, onlar bir-
birins kigik bucaq altinda yonaslir. Bu, har bir atom ti¢tin
0.01uB tortibinds magnit momenti olan zsif ferro-
magnetizmin meydana galmasina sobob olur [1, 14—
16]. Kobalt ferritinin diger metallarin ionlar1 ilo agqar
edilmosi, bir qayda olaraq, materialin maqnit sartliyini
artirmaq t¢iin o qodor do tasirli deyil. [17, 18, 19]
islorindo gOstarilmisdir ki, kobalt ferritinin strukturuna
galliumun daxil edilmesi doyma magnitlonmasinin art-
masina Vo materialin koersitiv quUvvasinin azalmasina
Sabob olur.
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NOTICO

Molyar magnit hassasliginin temperaturdan asi-
lihiginin tohlili gostordi ki, CoGayFe,_,0, (x=1.1; 1.3)
maddalori Ggiin Kiri temperaturu (T¢) uygun olaraq
x=1.1 tcun (T¢ = 210K, x = 1.3 Giglin isa T = 143K)
olan ferrimagnitlordir. 10 K temperaturda doyma maq-
nitlonmanin M komiyyati ilo CoGa,Fe,_,0, (x=1.1;
1.3) molekulu ti¢iin ng Bor maqgnitonlarinin say1 arasin-
daki oslage agagidaki kimi verilir: ng = Ni\:ﬁ' burada

N,— Avoqgadro sabiti, ug— Bor magnitonudur. Sonra
effektiv maqnit momenti ti¢iin agagidaki giymatilorini

NiT HOSSASLIGI VO HiSTEREZISi

alirig: CoGaisFeo70s UglNn  pegr = npup = 3.4ug,
CoGay.1Fep 904 Uglin iso ueff. = nBuB = 2.95uB olur.

CoGayFe,_,0, (x=1.1;1.3) maddslorinin
T=10K temperaturda M(H) molyar magnitlonmasinin
sahodon asililiginda histerezis halgasi agkar edilmisdir.
Magnit histerezis halqasinin parametrlori vo formasi
ferritlor Gglin xarakterikdir. Verilon nlimunslor asagi-
daki maqnit xiisusiyyatlorine malikdir: CoGa sFe.704
tictin Ms=1.9104 M, = 1.9-10* emu/mol;
M, = 1.28 - 10* emu/mol; H. = 25000e,
CoGay.1Fep 904 Ucln iso Ms =1.65 - 104 emu/mol;
Mr =1.05 - 104 emu/mol; Hc = 27000e olur.
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MAGNETIZATION, MAGNETIC SUSCEPTIBILITY AND HYSTERESIS
OF CoGa,Fe,_,0, (x = 1.1;1.3) CRYSTALS

Analysis of the temperature dependence of molar magnetic susceptibility showed that CoGa,Fe,_,0, (x = 1.1;1.3) are
ferrimagnets with Curie temperatures (T¢) corresponding to (T = 210K for x = 1.11, and T = 143K for x = 1.3).
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The relationship between the saturation magnetization M, and the number of Bohr magnetons ng for the CoGayFe,_,0,
(x = 1.1; 1.3) molecule at a temperature of 10 K is given by: ng = % where Ny— Avogadro's constant, ug— Bohr magneton.
AHMB

Then we obtain the following values for the effective magnetic moment: for CoGavsFeo.704 pegr = ngug =~ 3.4ug, and for
CoGau.1Feo0.904 peff. = nBuB = 2.95uB.

A hysteresis loop has been discovered in the field dependence of the molar magnetization M(H) of CoGayFe,_,0,
(x = 1.1; 1.3) materials at a temperature of T = 10K. The parameters and shape of the magnetic hysteresis loop are
characteristic of ferrites. The given samples have the following magnetic properties: for CoGaisFeo70s, Mg = 1.9 -
10* emu/mol; M, = 1.28 - 10* emu/mol; H, = 25000e, and for CoGa1.1Feo904, Ms =1.65 - 104 emu/mol; Mr = 1.05 - 104
emu/mol; Hc = 27000e.
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