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The Effect of Magnesium Substitution and Sintering Temperature on the
Structural and Magnetic Properties of Manganese- Magnesium Ferrite

S.T. Mohammadi Benehi”, S. Manouchehri and M.H. Yousefi
Department of Physics, Faculty of Applied Science, Malek-Ashtar University, Shahin Shahr, Isfahan

Abstract: Magnesium-manganese ferrite nanopowders (Mg:Mn.<Fe:04 x=0.0 up to 1 with step 0.2) were prepared by
coprecipitation method. The as-prepared samples were pressed with hydrolic press to form a pellet and were sintered in 900, 1050
and 1250°C. Scanning Tunneling Microscope (STM) images showed the particle size of powders about 17 nm. The X-ray patterns
confirmed the formation of cubic single phase spinel structure in samples sintered at 1250°C. Substituting Mg** with Mn**
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in these samples, the lattice parameter decreased from 8.49 to 8.354 and magnetization saturation decreased from 74.7 to
21.2emu/g. Also, coercity (Hc) increased from 5 to 230e and Curie temperature (Tc) increased from 269 to 392°C. Samples with
x= 0.2, 0.4, 0.6 sintered at 1250 °C, because of their magnetic properties, can be recommended for hyperthermia applications and

for phase shifters.

Keywords: Nanopowder, Mn-Mg ferrite, Coprecipitation method, Sintering temperature, Magnetic properties

Jaan e b ol el ol osls LIS a5 ol 0
Ceglis il e bl 5 bl gla S
YL Y S gles comls TSl s VL S
03 3d e 53 (6345 53 IS 5Bt ol S slaol o 31
Lo Sbolr Olsmsan l5i e 5 [F] 2005 555,500 2l
5 NS e 5 Sl el 3l [0-V] 5L
Sl 0 1S cpoman 58 eslinul [A ARSIV
(i Sl il sla Shs o w B g nl S
T Sl 5 pblan dadl lagtocs 53 5,8 ¢l
plsl Sibliae 5 ol (SH500s 55w Joa 5 [0-V] oS
el e Sl [V 58] Tl 5 e glas 1S (61 VL
okl el i 36 ey ol 5l G
©/f /Y cofo slda glylsx Ol 43 aS) MgMnyFexO4
5 O Sl =G eoren 5 (Gl Vo 5 o/ o fF
blae 5 ool sla S5y 0 ierca s gl
Slass g bl O gl s 5l 5ol g sla o 3
b 0T 3 31l 5 A 5 T gy B 4 ol oLl
o e 5 B (5SS S
s BAS e e @ k3L ol o 3 4 TFe kg/om?® Ll
VY0e 5 Vel Qoo 4 dien glwsaw 3 la o 3 -
BERE SR WP I LI WV SRR VAP Y ;l;@b«;.-).s
ot S5 a0l eblian 5 okl gla S5y ol

NN
Lhuijjj .)‘J.A—"

L MgMnixFe:Os oy 8 s sk a0 osmsen 55 5
)l_§ “ 4.:.5)\ J“}ﬂ A eslal X= e co/Y (oY (o/F (o/A N/

A0 5ol O 6l X0 Jlo ¢ pnikige 3 b iy 3l 50

dsdas —
3l - OLss by pamie sla S35 s blae 350
b0 sximo 5 AT s Sl pa 5 ki S s
55 i Oladige 5 Ol iSls (O i s s 4de 340
el Sl S35 Sl sl
(bline Lo Slanioc 53 0T s Slas )8 or o
2L S5 Sl 5 65l p Ko slaelans dae sy 5
[Y 5] ol s g5 U

MFe:04 Jss 2 IS5 ot Sl sl Sltle &S5 sty
sl g sl MsFe1032 IS Jse b slils 5 355 0 |35
Lo s sl pl s dile e |y il Gl 05|
M Gla0 LS 55,51 s 55 0 FCC oSt S 058
‘el 4SS 5 3 3 i e s 4 Fe
P s e B oK) e soia 5 (A WKL)
5 b s Glal S LA lacl Sl a8 550
G K JUdl b an glao 38 LB slaollr
SLa0sslS LA ool ST sl Teonle ul ksl
Juil 23 b 53 GlalsslS LB ol 5 18 b 4w
L bellr ol 815503 Tl el bl oy b olips
Db Jal xd boa w5 93 slagssls 5l by ke
5 eilin Sla Sy ol Pl b el o
53 L0558l a5 s 4 Dl Lac b S Sl
L ais oml ool iy s St 5 e Lol
Sles) il Sldas 5 ol gy g s
LI LS o o (Brs

o D Sl bl e 5K 2y

v_)j_>-4.: tfpjﬂ u.ilASQ,w»\ 42...“.:1‘5 oolw e}:..ijaéls&:i

AY


http://dx.doi.org/10.18869/acadpub.jame.35.3.81
https://dorl.net/dor/20.1001.1.2251600.1395.35.3.7.1

[ DOR: 20.1001.1.2251600.1395.35.3.7.1 ]

[ DOI: 10.18869/acadpub.jame.35.3.81 ]

LIV] s acls
a=d(h% +k% +1%)"? )
o3l Sl i M e ol 5 sk ch 0T 3 aS
SaS w5 bt pes (M) ald S g 5l Drp a5k

0.9%
= ¥
XRD BCos6 ®
IV A oslinad O alaly 51 B avles (5l 5
B=(n —B3)" ©)

i by By 5 Mt St 3 Lggples B 0T L3 S
] “eKIImJ L;.,L}lu.e

L S s (o o pon kel 0
S pend £ ddal ) 51 eslana

m m

PBulk = =

*)
V. w?h

asad g jclz_dzr‘r_?&VgD_?moT);qJ
Sl s 4SSOl 55 Sl el s 4 & o
dmrloms Va5l e S S 5 s O @
IVE] s
px_ray:% v
A st el 538 551 308 Ni 5 46505 J 55050 0554 &S
Ity g Al Al Jhe Sa a8 il pl sasglis
el 03081 5 055 (5l 520 ol g b
= S eSed el JBlas A e, gb
VI Ll o s 0B 5 A Sl 5 55 sl bl
M=Mg-M, )
Ll iblise SaS ay d1p (g 25 pbliin a3 5laiS
[V0] 558 o araloma & adasly 5l & gs M
AxMg
"B T 75585

4&}-@:)('_& ‘Jju_}) )‘ e.l_AT [ 24 LSL&).)).}: Qb.) e)‘.b\
Wy Gl s iy S S o s
Ol edalie s o) 5 Ol 3 Sl o

@)

AY

o e A IS (FeCl3.6H20) o al 4y IS ol s a3,
S 5,dea 5 (MNCL.2H,0) -5 & IS (MgCl.6H20)
3 S ok a5 L OWT S e oS 5 5 (NaOH) b
Jsme b adslsn 51 B 2500 oS 5w Do) 6l a5 88

PN 50 o3binad oS 5 aleard

x (MgCl,) + (1 - x)(MnCl, ) + 2 (FeCly ) + 8 (NaOH)

D)
= ngMn 1_XF6204 +8NaCl+4H20 (

VYo MgiMni.FexO4 fj_wa—j_.f.,« S b ag -
PH L (o) s deS 5508 N 5o o/PF Jgloes 2] e
035 o 3 S la a3 Ao glas 55 ol Kal LY 50
S Nsn /0 Uslon ke Vo X e S 3 s
5 R A IS Vs o/0 Jshoe 2 e Vo (0-X) (g s
s Ao slas 53 Al IS N o0 Jlous il e Yo
e b ol 18 byl S L oS S
Sl 250 JSKES gy Bl 8Ll 5 g J s 40 o)L
S e 3K b K 5 el 56 LTI 1 Oleb
4 g edls el el S Dk 4 sy 0] 005 o
U s aned haie O U Ll (2STy 5l odal s
SLAC 5y gt K= 03935 o 5 IS 15T slao s
D555 5 SCix HalS 31,8 sle a3 Voo glas 55 fuols
ol e o i s Ker o B b sl Osla
L sla o, o Yo kglom® S i jlis Coo sy
GLos a3 5 JodS e oo B Sl 5 e e 4
A_WQJ_.«Q:\J_?L;';}L.A a5 VY00 g Vele Qoo Calises
A S 3 e & Slles Cow s ] el

o Ml b bl S 5 el oS
VOY R zon b s e eV L e S
m«l&ﬁ.m]wzq;ﬂj@:ﬁ%gjﬁqw“jzﬁi
anloes VS el b sl 4 e ol gl d O Glamin
V] s
2dSind = A (¥)
Yool la aSes Cul ol Sl 3l a0 0l s &S

A0 50k O &l ¥ Jlo kige 3 4 oy 3140


http://dx.doi.org/10.18869/acadpub.jame.35.3.81
https://dorl.net/dor/20.1001.1.2251600.1395.35.3.7.1

[ DOR: 20.1001.1.2251600.1395.35.3.7.1 ]

[ DOI: 10.18869/acadpub.jame.35.3.81 ]

S Cnlh S5k ol Sle L 31 gkl sla S5
b gles 4w 5> MgogMnoaFe:0s 54 50 sl J& 5
Sgdee on ) Jade 5l G s Vs 3 5 el s
Aol e SRl i (gles b iS5l o3ll SSbe S
DVIL ol ol i glos 5 Tlakils o3l abal
D"-Dj = Kotexp(—&) (Vo)
RT

031051 Do ¢ o s i 31 A Lails o3l Sl D 0T 3 oS
Oly Soda t ealh lie Ko lakils iy a5 o cadl slaals
R Plaasls ws) a3 gl s3ladlad @551 Q (o r s
Vo udaly b ol e slox T 5 W3l ler oot
Ll et S5 5148 S a0l e
(g glas L5l b dal 0l ek gas (g 5lwoslel
Al e Sl 5 el o3l Sl

Sl 5 IS sk ein ) s Sl eSS sboles
NP BPET EIALIPVE CE I P JE S = PR A
VYOo as Voo I darcis glos SRll Loy sls Jils3l
Sl o IS Ll sl e ol sl S sl 4o
Al e Ol Ll e SO 5 S Dlh e
e 3 Lol 3l S (Slo ax 3 Ve0e glos 4 ey L &S
Rl L e 5 L5 e 13 05 605k S 0 il
BEREE PR SNV P U S WP E SR | T LRV P
Sl et el 5 Lad s ol i Sl o5k bl
O Jaalil 5 oo I 3 Ol s e Lol Ll o
i i les g Odewy 5 450 Glajle Gl Wl s
SRl s sed e T s Sl e oS 3L b
Syhe S

Shbaas sl olrlv sla S5s sz $l=
3,8 Sl a3 Y00 las 3 edd iy & (slad ol
¥ e OT@UJ*SJ—J%J—-@U—;J‘? A 5
30 SE e Jed bl 3 sl S s sl e o
s sla S slaads 5 S o ol b pos plas sl

FECCONCI P Pt W W I VU UG I U U W

A0 5ol O 6l X0 Jlo ¢ pnikige 3 b iy 3l 50

S35 0Ll S e blite o8 lav 5 Ladipad bl
ez 534 Kk0e o)l bl Olis anio LM le
&l by el Olginsl il S s ol KNS 55 (30
Glaie (5555 glod hamin oK 31 55 (6558 sled (55 o310

A eslizal Olgiol 2l Sl s o205 o

Cow g @L‘»’a -y
ol o p VT
Sy 3 Sl (s BP9 S e ) S
s e 0L | MgoeMnosFe04 (g4 sod (5, odsl
S Jol sla s g 3 e3lasl 3 55 e sy &S b Olea
NGO VR H A AP SR U8

b sl U5 SU el il A s 6l
2 > MgoeMnoaFerOs (g4 gol 3l ¢ ol 56 |35 6l
3,8 5l a3 VY00 5 Voo doo ke i sles an
¥ J@)-’Oiczudu%m—@ﬁﬁ Hlr S
St ksl VK a5 Ll el el Al
55 s esdle sl S ol am s Voo 5900 glales 45 ekl
3kl el S L pilas 5K ol o
(JCPDS file. 074-2403) G ol 3150 5 O 5031 ool
Fe,05 (JCPDS file. 073-2234) 4 ;5L slajl Jals
MgO, (JCPDS file. 019-0771) 5 MnyOs (JCPDS file. 018-0791)
(g (Gled 0551 ol e bos g ol )5 s g 5
S 5 35 e S IS 0 40 ol 555k 30
38 il am 53 \Y0o (gles j bl ajls 545 4 5l Ll
IS LSS S oty el 5B 5355 00 o S 5L
sl oyl 3 o a S Il sy S
s les j3 (Jgle g osllial (Sl w gy
IV 5T 0]ty o 5B kb 4 518 5l am s VYoo
i smaas gles LS Corge La g g oU 5l eslanal 1
Al Al g sl S Sl a3 00 Ol

AV EY Bl s oSl 5 B oSSl eslinad b

AY


http://dx.doi.org/10.18869/acadpub.jame.35.3.81
https://dorl.net/dor/20.1001.1.2251600.1395.35.3.7.1

[ DOR: 20.1001.1.2251600.1395.35.3.7.1]

[ DOI: 10.18869/acadpub.jame.35.3.81 ]

wu ez

100

50
o i e i

1227 nm

-497mm

-F20mm

a 100 200 4001“““.“

lhopg—Ferrite—mohamad\—81—\Su1\Lp1| *
-5 b

-588

-570

500
nm

-560{
5621
-5B4t-

8661

B2

5 1 15 20 25 3\ 4o
“H=hmy

o
wu pook

200

&00 Q00

Mgo.cMnosFe204 & g0 5l skal Cewddy y3 g 5l Sy Jaj:’ @jﬁ.«jﬁ-fﬁﬂs (ééjjﬁ‘ﬂ\iam}): uﬁb)—\ JQ

(311) (333 (440) MM Fe0,
220
@20 (400) (422 (533)
(620) 622(;‘44)
T=1250°C (222)
) *Fe,0,
+ Mn_,O
"_} # 374
D) |1=1050°C + v # i #1190,
- * M + ¥ T . ¥
# e * *
T=900°C * T
* * +
# *
T T T T T T T T T T T T T
20 30 40 50 60 70 80
20 (‘\?Jé)

o8 sl a3 VY00 5V e0e Aoe bemcd glas aw )3 MgosMnoaFerOs Cu b oSSl 65 5l o8- K3

i ool b o LialS aSs ol Mg?t Oy chals il 58l
Ll comnl Mg® s Mn** oy gl 5o Sl bl
eSSl o VY Sy gl L Mg slaly chale 53l
S pj:_“.fﬂ SN Sl L Mn?* clad g sl-a

AO

Y sl 53 el Ol g5t 0—a (JCPDS file. 074-2403)
S b slaas gad gl sdial Cmwsasy (g kil SLedb|
a3 VY0 (glas jo el by i 5 MgiMnixFexO4

el 0 03,50 51 S il

WO 5l o 6l 0 b ¢ ol 3 a3 15y 350


http://dx.doi.org/10.18869/acadpub.jame.35.3.81
https://dorl.net/dor/20.1001.1.2251600.1395.35.3.7.1

[ DOR: 20.1001.1.2251600.1395.35.3.7.1 ]

[ DOI: 10.18869/acadpub.jame.35.3.81 ]

Cop gl od dbus o J&s 5 4Kl ol S ) gk o3Ikl G Kle ol N J gt

il b g & slabes ;3 Mgo.sMnoaFe204

PR Er - PR PYC SUN AP RN & Wt S el WSl 5 I s S
) (nm) A (g/cm®) (g/cm?)
Qoo \A AYY F/AN Y/YV
Yolo \ AYA £/V4 \VAN
1YOe #0 ANYA £/V4 /o)

@11 (440) MaMn_Fe0,
(333)
(220) )
400)  (422) 620y
|e22)(444
g heo @] R
D |x=0.8 T S S e
x=06 | LWMJLM.J\ ]Mw ww\wf‘w'w"w
x=0.4 1 [ N WV
x=0.2 . S e

x=0.0 - Www/\d[‘wm\»- L‘W MW\JL o]

20 30 40 5 6 70 80

20 a2

38 Sl 4y VY00 b los 53 MEMNIAFer04 oy b ol 555 Al 5689 -F s

MgMni+Fer04 S 3 sbad goi S 5 ad ol S )5 o310 (pKle palie - Jyu>

")fu:';l“‘ a3 1Y0e glos 53 ok g

X EE PPN o b oS Fn S @ S&
(nm) A) (g/em?) (g/em’)
/o VA AT = Yo
o/ 00 Y ¥/ i
/¥ Vo ¥ ¥/Ad ¥/o5
o/5 #0 AFA V4 ¥/o)
“/A 70 AV Y5V Y/
Ve A YO Yo Y/AD

sl o3l wldu() J.i;“:); ﬁlf Lgy Q—i‘ v\ﬂ-'b‘_;‘ ﬂls
SLOs s o il BN Jals l s

— —l Mn?** Oy s £— ol Mg* 5 Mn**

A0 5l oOF oled ¥ Jlu wikige )3 b i 3150

IVT b oo 2alS 4 ol amss 5o 5 258 0 S S SS
sl S Sk sad WSOl 5 s o e s JE

X Hldas Lffﬁil_}_élk_gjaj_n;\jf&b a3 \Y0° gles s

NS


http://dx.doi.org/10.18869/acadpub.jame.35.3.81
https://dorl.net/dor/20.1001.1.2251600.1395.35.3.7.1

[ DOR: 20.1001.1.2251600.1395.35.3.7.1 ]

[ DOI: 10.18869/acadpub.jame.35.3.81 ]

8.50
8.48—-
8.46—-
8.44-.
8.42-.

8.40 -

i ealt A)

8.38
8.36

8.34

8.32 |

0.0

0.2

0.4

0.6

0.8

1.0

P e Og ol (X)

:ljf‘_;:.il.u 453 VY0° slos 3 odd % g5 MgMnixFe204 g 5 5 SR Sl L s colb O pois Sl 903 - IS

5.0 1 ] ™
(:\ .
5
C;
\}2 4.5
=
kY
K
A
4.0 ¢
3.5 T T T T T

B, JE
® .5 & 5.0
- ;
" >
" las F
2
Y
° L 4.0
¢ °
— 3.5

0.0 0.2 0.4

—
0.6 0.8 1.0

p e s bl (X)

2B s e SLEL b S S & 5 228 S Dl i Slages -0 JSS

";&5\" ax ;5 VY00 gles 43 ol b gorf MgxMnix<Fe204

3l 51l esle i sleslinad b J3ss cpl 5 edel e
3 FeS edslize 5 ol (Sl g5 4 0dd A5l
LaS 5, 0 Jlax=l [0] ol 5 P ol apnlee )5
IS e s Sl L2 (555 anlllas
i g Lol Sals s 5 oss Sy WS 5
Sl Aoy S L oS 5 8wt 0l b s

AY

L =l Mg 0s Jse ¢ S 5 035 OY/ATA g/mol
@S 5 MgH slads Liall LI Lol Y¥/Ye0 g/mol
Js DA VT aol e sl b JEa X lide il bl on
oS 5 S e S s S 03 5SS
Aol s olweslal dul b o s Jlss S5 Wl e

s SIS ez DT L byl

A0 50k O &l ¥ Jlo kige 3 4 oy 3140


http://dx.doi.org/10.18869/acadpub.jame.35.3.81
https://dorl.net/dor/20.1001.1.2251600.1395.35.3.7.1

[ DOR: 20.1001.1.2251600.1395.35.3.7.1 ]

[ DOI: 10.18869/acadpub.jame.35.3.81 ]

80

1= x=00 o muREEEEEREEEEEE

604 —®— x=0.2
x=0.4
40 —w—x=06
x=0.8
204 <4 x=1.0

SAAARMAAAAALAAALAAL

7R PR PP

0

-20 ~ ARREREEEEERERERE]
|
-40 -
| AAAAAAAAALALALAAS
-60 - /'i

-80 1 T T T T T T
-9000 6000 3000 0 3000 6000 9000

b lia Oldes (Oe)

b lss (emu/g)

o 55 gy Gl b sl v Ol kil gad A S0
s 8 Sle 453 1Y00 (gles )3 sl 5 g2 &5 Mg:Mn1+Fe204

Sl Lati g 5 omblite (S5 by diloy (sl se
LAt yo bline sla S5 T Jstr [V 5)A o]
Qoo glales ;o ol SRS MgMn.<Fe,04 —
Shesleal b as s oo OLES 1) 518 sl a3 VYOo 5 Vo0
S 55 boler ool odel cwsa LT Blany (glba s
YV0e (slos j30dd figards slad sad 358 o0 odalio
Gles 53 4 Cad 65 e gLl iblae 3 S Sl x5
hdl blie ppalie 03l s 0ls Ss dsr s
ax 3 Vo000 500 glales j3 ol Ssr & XT° 4sal Gl »
SleS) 5 a3 MnFei04 ooy b (5510 pds ool S 5o
A e dS ol o b g;\)s@a_“_;”Mn”gan* O
eblite Coslt 535 e Koo sl 2y ol Ve 2
L¥e] Sdl dal s rals Sl a OF gLl tbliaa
MgMni<Fe:04 LS 5 gLl oblae Ol a4 IS
a3 VYO 5 slas 55 e Cble e
ol 58l L L sad ol (sl s e Jislas 15 5l S Sl
5 ol gl Siblae x= /Y e Bl (o e ale
ibliae e s adsl Jialsl ol e Ll o 5alS e
SLad sy oY Jlcie X oS slis (51 o5 ol ol gl
e 1l ) A glael&lr Sl e b 5 Mg

A0 5ol O 6l X0 Jlo ¢ pnikige 3 b iy 3l 50

40+ —=—x=0.0 pe00000000000000
1o x=02 z
301 x=0.4 ;
|-v x=08 FPYYYIVYYY
20__ x=0.8 ‘f¥;;f“<<<<<<««
104 x=1.0 ]

b lse (emu/g)
o

N
o
-

j PrL
220 - <= 44"“;; ¥
Jvvvyyyys¥¥¥

-30- ;‘
-40—-....,........uu"

19000 -6000 -3000 O 3000 6000 9000
b lian Oldw (Oe)

a3 e Sl bl oxin Sk )l gad =F S
o F sl am o800 glas o edd b g5 MgMnixFe204

301 —=—x=0.0
o x=0.2 "v,‘yngvvvvvvv»v
204 x=0.4 )':/’;...........v...'
I—¥v—x=0.6 4 1‘1<‘1:“<
104 x=0.8 ¥ 111111

sblss (emu/g)
I o

N
o
1 L

1

&
'4144444444“ N
-20 .0...0..000000..\/

ey

{vowwypypyrra?¥]
_30 -
T T T T T T T T T T T T T
-9000 -6000 -3000 0 3000 6000 9000
I CF PR R W (0 1))

o3 e S b Wleey wie Sl s ed -V ISS
SIS Sl a3 Ve00 glas 53 edd B g &5 MgMnixFe204

b oS5 okl gla S5 Ol 5500 5 wsie g0
Daes J xS

L god pmmbliin Llowy fovs ) —Y-V
sl e By sla e A LS sla S5
Qoo glales ;o ol R i MgMnFexOs o )8

Qéﬁ &)L ...L'\.Abdﬁ olis b b‘;é.ol..w 4}.)5\\‘0° _5\°O°

A


http://dx.doi.org/10.18869/acadpub.jame.35.3.81
https://dorl.net/dor/20.1001.1.2251600.1395.35.3.7.1

[ DOR: 20.1001.1.2251600.1395.35.3.7.1 ]

[ DOI: 10.18869/acadpub.jame.35.3.81 ]

o F sl am 5 VY00 51000 oo glales o odd b ol MgMnisFerOs o p sk sad pmubline sla S5 -V i

. e sls Subls s, ekl sl iblas gLl bl S gmbline a3 5 4kiS
(°O) (Oe) (emu/g) (emu/g) (5)
400 ¥ ooV Y o/o0
o/ Voo A\ o/o¥ \/o o/o¥
\YOo [\ Atd FA/A Y/qe
400 v 5 T \/5Y
o/Y Voo OA YV \A/A LYA'%4
\YOo o °/q \A7A% Yoo
400 o) o/ YO/A Voo
o/¥ Voo oy oy YO/ °/QA
\YOo \o Y/ OAY Y/Ye
4o oA v Yors °/aV
o/f Voo [N% ¥/e YZ/Y \/oo
\YOo AR \/A ¥¥/0 \/Ve
Qoo $o O/A Y¥/o /YO
o /A Voo ZA A7AS YA/A \/of#
\YOo \# \/\ YY/Y \/Ye
Qoo Y Y/v Yo/f o/V¥
\/e Volo A Y/¥ \V/% o /PY
\YOo \A \/7 YV/Y o/Ae
3B Ll Kl s bl ags 58 Jliie il 80 =
ki s S e 3 5 asd s A Lol s O s ~ 70__ = AN
o0 N\
35 merbliie by 5l iS GO 5l A @Sed eblita g 601 \'\\
S 35 a8l il s e Lol B A glalll 3 ] N
Slal i cble o8 sl bl o 2l 55 Ll bl :l 407 : .
La0 s ol e35se i /Y b X I M@? bl 2 20 %07 h
DS e o atls dal g B sbaolKyle Jadl 4 ol 207 -
Pldl bl jials anmi s 5 4l blian i sy 55kis h
23S Gl M O il e 4S5 b ok [0] Lss > 00 02 04 06 08 10

Shls Mg™ 050 aS S Js 5 Cl O pip pbline a5
5 mblite ool 35, 00 st (o 5 oSS s MgP gl

A4

p O <ble (X)

S b o ﬁ}_y&LSlengolmﬁ@m—‘\ Jse
3 8 sl am 53 \ YO e i sles 3 MgMni+Fex04

A0 50k O &l ¥ Jlo kige 3 4 oy 3140


http://dx.doi.org/10.18869/acadpub.jame.35.3.81
https://dorl.net/dor/20.1001.1.2251600.1395.35.3.7.1

[ DOR: 20.1001.1.2251600.1395.35.3.7.1 ]

[ DOI: 10.18869/acadpub.jame.35.3.81 ]

GLIsx O j3 a8 laasgal e 54 I3 55 edalin L
318 sl a3 VY00 (slas s 5 ol o/F (/¥ o/Y 3lia
i 3 (Sl S S hils (Ll esls i
Lo gad ol (A3 Gl o)l 8 a5 LI lp Ll ibliae
s 508 sl Sl ctlu 5 Ll las 1)l8 ¢l
33 gz ) e S slm Do 58 V=0] dieabs
slabes s dﬁﬁduéﬂ}wdlww Y Uw 6L°J§~:‘
S 3 yd e odalive S5 4 a s ol 4 § ) s sl
A Lads ol uf.,\_})\;l) S :lj_fddb a5 VY0 gles s
5 gl RbLte 5 35 S35 b 5 AS (0 SIS
13 8 S et Sl

ol oy Sla g e s Llons Glasoie o) 2 b
Lo p sl Seras gl ae sbed &S 355 e sdalin
5 il 318 5l 4,3 VY00 sles MgMnisFerOs oo b
) e (s et sad amn sl gLl 2blis Ls ol s
b S o Ol o VU 3 el sk e 4 a5l eyl
Ol 78K 5 e Sl Sl Aoy JaS Loas
2303 S 55 1 S 5 peblite b S5

S0 b 4 b mls -¥-Y
el S Aaci Sl 0T 3 a8 el ey (oS dhais
CREJRR NI NN P BN AP
b Sl b sy e e LTl L S
s bl s a (Geblisns ) ebliaes 3
S b ol S S oS gl Dl S
VY0 slas 4o (e cble > MgMni<FerO4
T sl a5l 5 SSS el Lol S Sl s
S 5 aboles .l ol a3l OLE VY S 53 5 edel o
S0 sled e O SBle (15 IL 5t e ey
S e O SBLE SR L L e SRl 5 e sed
el 5580 05yt S IS S s gl g
oaLS 5 Jeel ol Dbl 53 S e sladlsls

A0 5ol O 6l X0 Jlo ¢ pnikige 3 b iy 3l 50

90
1—— 4-- o gles [ ]
80
| @00 i sl
g 70 A oe Lies gl .
S 60- ™
}é | L //,,r?//'
3 50 4 P ////:.,;/
Z}\ | o //l
. 40 )
\\ﬂg ] //
30 | L
1 A
20 o
] A
10 A A — A
{1 A

0.0 0.2 0.4 0.6 0.8 1.0
pa e O ke (X)
23 i il L He O jis —own =\ o JSJ
Qoo u'if'“"‘ slos 4w )3 MgMniFe204 s 3

:I;‘;JL.» ;5 \Y0e 5 \e00

sdeel s 4 gl Siblie ol [YV ] Al 2alS plsl bl
oblire L acslis 5o 5l ele g Sl eslinal b sy ol 02
33 Ml (Sl gy 4 el A 5 Lo (slaed gl pLH
2ol St oY s Ao bl X slie 6l sl
A1) JUWIRSACRIRER

X e SEl3ly 55,0 Sl powe Vo S
ol o Lil b & (gles 4wy |y MguMniFea0s g 3 5o
Sl oS o5 o odalln sy 4 )0 S5 Sl e b
sles il sl L MgMniaFesOs pled Jsse 3 L olS 5
Sl 4 SWylsls g, ol S mle a3 VY00 & L &
SRIFIL R Bk 5l ssd e K5 jho 45 Al Sl
Aol e Rl 5 (Saslls s, MEP slas s chle
L opldl fiblas als Ol o Sy g8 Sl 3l
a3 V\Y0e dgmcas glaes s (s O bl il
LYY 5 WV Y] ol ol aaly b o il ol 8 sle
He = Ky (1o Mg) ™! )
S35 s 0 5 (53 S Oloanl B K OT 53 48

sl 3151 gLz


http://dx.doi.org/10.18869/acadpub.jame.35.3.81
https://dorl.net/dor/20.1001.1.2251600.1395.35.3.7.1

[ DOR: 20.1001.1.2251600.1395.35.3.7.1 ]

[ DOI: 10.18869/acadpub.jame.35.3.81 ]

80 80
I S Mgo.2M no.eFezo4 o |
70 i a pldl bl L70
= 60 . | 60 ,%\D
€ ] T E
3 4 " 3
D 404 e 40 )
2 1 - 3
\ .
% 30 30 D
20 - o - 20
10 10
I T T I
900 1050 1200

by gl (°C)

ébfg'b\.w A?JA\VO° _5\°O° A°° wi?gﬁ db:MJ:X= °/\‘ 43}&3 6‘,3 CL.JG‘ J.blb'u};ﬂﬂb‘} ‘5‘9J:5 Q|ma5 .U‘”—\\ Jg.f/

70 70
I S sl e Mg, Mn, Fe,O,
O . . sl
60 e o 60
g 50 - n—— *® L 50 %@
¥ g
D 40+ 40 3
=
; 1,
‘% 30- L30 7.
° ° V)
20 | L 20
10 - 10
T T T T
900 1050 1200

e gl (°C)

aljfd:.;l..a a3 \Y0e g Volo Qoo dgordi gbos aw ;3 x= o/F &gad sl tL..:I Sblae 5 (Suylsly g9 Ol pis L, VY Js

Lo ol bl oS sl Sl e e
cble Gl sl cy b a5 Mg? blials
St et e Mgl blialis sad s
Osor 3 35-b s g JaS=Cdl g 51T
s 5 03 Gl S g 03508 810 L e 855

loed I el oS-l 655 55 5 s) 50 S350 S A

q)

Aol Ly nlie e jsbay 45 oS00 il D L
ol e malS pl b e Al el S G
sy B A Gladl Sl T sl (S e ooy
035 2 = Sl 5L 2o el S 550 crlal Y]
5 oRlpl oo Al bliae glaskiS (B 5 xeres

;—<i-’ S Ol .8l dal g Al 6558 (gles amS o

A0 50k O &l ¥ Jlo kige 3 4 oy 3140


http://dx.doi.org/10.18869/acadpub.jame.35.3.81
https://dorl.net/dor/20.1001.1.2251600.1395.35.3.7.1

[ DOR: 20.1001.1.2251600.1395.35.3.7.1 ]

[ DOI: 10.18869/acadpub.jame.35.3.81 ]

80 50
i e SUESRIP Mgo.eMnu.4Fezo4
70O o s
| 40 ~
> 60 - %‘3
e ;] = u £
2 =
50 - .
:3 E 30 -3
D 5
2 40 - ® o i!)
% 1
30 20 >
20 4
1 10
10
T T T
900 1050 1200

e sl (°C)

B (gl A 53 X= o/F (g4 gad gl gL Sblie 5 SKlaly g8 Sl pis Ly, -V SS
38 Sl am 55 V0o 51000 Qoo

400

375 —
350 —
325 —
300 —

275 - e

(°C) 6,85 sl

250

225

200

0.0

0.2

0.4

0.6

p e ol (X)

0.8

1.0

ol 8 Sl a3 VY0 st gbes 3 MgiMniFe04 & b 55 (R SR b (6,8 s Ol s powe VY IS

G Sgoen Hlas o by g U e ol st 20550
V0o 5 Voo Qoo glales j50,55 095 5 hds o8
duﬂ\ SR VR e Q,&L»«,.NC;.,\.A@J\J?L;JL» a5
das o OLis MgosMngaFerOs 4 sal (gl oSOl 55 5 3
3,8 Bl a3 WY0e glas 5o SLSS il Sl oS
R s e b Gl Ao IS LS e S
IS 1 oS 5 blite 5 ol gl S5 0150

A0 5l oOF oled ¥ Jlu wikige )3 b i 3150

LYY 50T b oo I3l 5558

S S s - f

s b L i 2800 Sy b slasn g sl gy ol 0
o/Y Lol L) B e 5ix Of 55 oS MgaMniaFeOs oS 5

e)'l.lJlJJ\_'v.X_‘.: PLEH L;"H)H ul})uc.l_swﬂm&

\V S 9> u—"i‘iﬁ) L;.:j_}' g.‘JjLﬂjv}g":ﬁﬁj_a.aj )‘ CJ\JJ}:L

qy


http://dx.doi.org/10.18869/acadpub.jame.35.3.81
https://dorl.net/dor/20.1001.1.2251600.1395.35.3.7.1

[ DOR: 20.1001.1.2251600.1395.35.3.7.1 ]

[ DOI: 10.18869/acadpub.jame.35.3.81 ]

SlS 5 o, S sl a3 \Y0o i gl
4 MgosMno4Fe04 s MgoaMngeFe204 Mgo2Mng sFex04
VL Ll bl 5 oS Sl (65,5 0y s e
Gl )8 Gl s mbliie o S35 o i Olajes &) g0
363l s Sl sile 555, SoLs sl 5 L 5 ola

S oo al 3 Ly S S e

tetrahedral site
octahedral site

normal spinel structure
inverse spinel structure
mixed ferrite
coercivity

Curie temperature
eddy current losses

9. phase shifter

10. circulator

11. isolator

12. hyperthermia

NN WD =

1. Baba, P.D., Gyorgy, E.M. and Schnettler, F.J., "Two-
Phase Ferrites for High-Speed Switching", Journal of
Applied Physics, Vol. 34, pp. 1125-1126, 1963.

2. Venkataraju, C., Sathishkumar, G. and Sivakumar,
K., "Effect of Cation Distribution on the Structural
and Magnetic Properties of Nickel Substituted
Nanosized Mn-Zn Ferrites Prepared by Co-
Precipitation Method", Journal of Magnetism and
Magnetic Materials, Vol. 322, pp. 230-233, 2010.

3. Cullity, B.D. and Graham, C.D., Introduction to
Magnetic Materials, 2" Edition ed., John Wiley &
Sons Inc., Hoboken, New Jersey, 2009.

4. Singh, M. and Sud, S.P., "Mg-Mn-Al Ferrites for
High Frequency Applications", Modern Physics
Letters B, Vol. 14, pp. 531-537, 2000.

5. Singh, M., "A Comparative Study of the Electrical
and the Magnetic Properties and Mossbauer Studies
of Normal and Hot Pressed Mg,Mn,.xFe,O4 Ferrites",
Journal of Magnetism and Magnetic Materials,
Vol. 299, pp. 397-403, 2006.

6. Mansour, S.F. and Elkestawy, M.A., "A Comparative
Study of Electric Properties of Nano-Structured and
Bulk Mn-Mg Spinel Ferrite",Ceramics International,

qr

13. coprecipitation

14. scanning tunneling microscope

15. X-ray diffraction

16. interplanar spacing

17. Bragg's relation

18. Miller indices

19. mean crystallite size

20. Scherrer’s equation

21. full width at half-maximum

22. instrumental broadening

23.alternating force gradient
magnetometer

sbes b3l L MgMnixFe 04 o 3 LS 5 (gl 5.5 508

Sslsly g, ol S Sl am 5 \ Y00 w Qoo I e

bl 5 As STsy aw a5 Cal el a4 He

Slr e 28 My RIBI Te o8 sbes 5 5 Ms gl

‘:lJ_fL;GL_.N a3 VY00 gles jn ol d Sy ds OLS S
RGSUE |V ) FU - PO L;l_a.:_gdi.alJCL:_;:l oblse

MUejb

24. grain size

25. grain growth activation energy
26. pores

27. dissociation

28. Brown's relation

29. anisotropy constant

30. random thermal motion
31. Faraday balance technique
32. exchange interaction

33. spin ordering

34. Yafet—Kittel

35. Neel

&'y
Vol. 37, pp. 1175-1180, 2011.

7. Khot, V.M., Salunkhe, A.B., Phadatare, M.R.,
Thorat, N.D. and Pawar, S.H., "Low-Temperature
Synthesis of MnMgi.<Fe;O4 (x=0-1) Nanoparticles:
Cation Distribution, Structural and Magnetic
Properties", Journal of Physics D: Applied Physics,
Vol. 46, pp. 055303, 2013.

8. Pardavi-Horvath, M., "Microwave Applications of
Soft Ferrites", Journal of Magnetism and Magnetic
Materials, Vol. 215-216, pp. 171-183, 2000.

9. Apostolov, A.T., Apostolova, I.N. and Wesselinowa,
J.M., "MO.Fe203 Nanoparticles for Self-Controlled
Magnetic Hyperthermia", Journal of Applied
Physics, Vol. 109, pp. 083939, 2011.

10. Iftikhar, A., Islam, M.U., Awan, M.S ,.Ahmad, M.,
Naseem, S. and Asif Igbal, M., "Synthesis of Super
Paramagnetic Particles of Mn;xMgsFe,O4 Ferrites
for Hyperthermia Applications", Journal of Alloys
and Compounds, Vol. 601, pp. 116-119, 2014.

11. Manouchehri, S., Yousefi, M.H., Mozaffari, M. and
Amighian, J., "Preparation of Superparamagnetic of
Coos5ZngsFe,O4 at Room Temperature by Co-
precipitation Method and Investigation of Its

A0 50k O &l ¥ Jlo kige 3 4 oy 3140


http://dx.doi.org/10.18869/acadpub.jame.35.3.81
https://dorl.net/dor/20.1001.1.2251600.1395.35.3.7.1

[ DOR: 20.1001.1.2251600.1395.35.3.7.1 ]

[ DOI: 10.18869/acadpub.jame.35.3.81 ]

12.

13.

14.

15.

16

17.

18.

Physical Properties", [International Journal of
Nanoscience and Nanotechnology, Vol. 6, pp. 15-22,
2010.

Cullity, B.D., Elements Of X Ray Diffraction,
Addison-Wesley ~ Publishing ~ Company Inc,
Massachusetts, 1956.

Sharma, S.K., Kumar, R., Kumar, S., Siva Kumar,
V.V., Knobel, M., Reddy, V.R., Banerjee, A. and
Singh, M., "Magnetic Study of Mgy osMngosFe2O4
Ferrite Nanoparticles", Solid State Communications,
Vol. 141, pp. 203-208, 2007.

Smit, J. and Wijn, H.P.J., Ferrites, John Wiley, New
York, 1959.

Kumar, G., Kanthwal, M., Chauhan, B.S. and Singh,
M., "Cation Distribution in Mixed Mg-Mn Ferrite
Systems from X-ray Diffraction Technique and
Saturation Magnetization", Indian Journal of Pure &

Applied Physics, Vol. 44, pp. 930-934, 2006.

.Singh, M. and Sud, S.P., "Controlling the Properties

of Magnesium-Manganese Ferrites", Materials
Science and Engineering: B, Vol. 83, pp. 180-184,
2001.

Li, L.-Z., Yu, Z., Lan, Z.-W., Sun, K. and Guo,
R.-D., "Effects of Annealing Temperature on the
Structure and Static Magnetic Properties of NiZnCo
Ferrite Thin Films", Journal of Magnetism and
Magnetic Materials, Vol. 368, pp. 8-11, 2014.

Amer, M.A., Meaz, T.M., Attalah, S.S. and
Ghoneim, A.I.,, "Structural and Magnetic
Characterization of the Mgo2.xSrxMngsFe 04
Nanoparticles", Journal of Magnetism and Magnetic

A0 5ol O 6l X0 Jlo ¢ pnikige 3 b iy 3l 50

19.

20.

21.

22.

23.

24.

Materials, Vol. 363, pp. 60-65, 2014.

Lodhi, M.Y., Mahmood, K., Mahmood, A., Malik,
H., Warsi, M.F., Shakir, 1., Asghar, M. and Khan,
M.A., "New MgysCoxZngsxFe:0s Nano-Ferrites:
Structural Elucidation and Electromagnetic Behavior
Evaluation", Current Applied Physics, Vol. 14,
pp- 716-720, 2014.

Lungu, A., Malaescu, 1., Marin, C.N., Vlazan, P. and
Sfirloaga, P., "The Electrical Properties of
Manganese Ferrite Powders Prepared by Two
Different Methods", Physica B: Condensed Matter,
Vol. 462, pp. 80-85, 2015.

Mansour, S.F., "Structural and Magnetic
Investigations of Sub-Nano Mn-Mg Ferrite Prepared
by Wet Method", Journal of Magnetism and
Magnetic Materials, Vol. 323, pp. 1735-1740, 2011.
Ahmed, M.A., "The Effect of Urea-to-Nitrates Ratio
on the Morphology and Magnetic Properties of
MnosMgooFe,04", Journal of Magnetism and
Magnetic Materials, Vol. 322, pp. 763-766, 2010.
Chougule, P.K., Kumbhar, S.S., Kolekar, Y.D. and
Bhosale, C.H., "Enhancement in Curie Temperature
of Nickel Substituted Co-Mn ferrite", Journal of
Magnetism and Magnetic Materials, Vol. 372,
pp- 181-186, 2014.

Yafet, Y. and Kittel, C., "Antiferromagnetic
Arrangements in Ferrites", Physical Review, Vol. 87,

pp. 290-294, 1952.

q¥


http://dx.doi.org/10.18869/acadpub.jame.35.3.81
https://dorl.net/dor/20.1001.1.2251600.1395.35.3.7.1
http://www.tcpdf.org

