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Abstract : Manganese-zi nc fer r i te C Mn1 _xZnx Fe2 o
4

) sampl es

were made usi ng a c l assi cal cerami c technol ogy 
pr ocedure .  Appropr iale amounts of t.he compounds wer e mi xed 
and ground . healed . pr essed and si ntered . E>slructur al 
pr oper ti es were obt.ai ned usi ng an X-r ay met.hod empl oyi ng a 
Phi l l i ps di ffr actometer wi th gr aphi te monochr omator . I l  was 
confi r med lhal the sampl es were si ngl e phased . Magneti c  
proper ties were measured and compared wi lh  standard Phi l l i ps 
products .  Di el ect r i c  pr oper ti es wer e studi ed i n  lhe i nfrared 
and far i nfrar ed r anges , on the basi s of ref l ecti vi ty 
measur ements whi ch wer e numeri cal l y  anal yzed . Thr ee i oni c_:, 
r esonances wer e obser ved i n  the range belween 800 and 300 cm 
The val ues of lha di el ectr i c  per mi ti vi lly wer e cal cul ated and 
the r esul ts obtai ned were di scussed and compar ed wi th 
publ i shed data obtai ned at much l ower frequenci es for 1 72 
MHz , &r =57 . 2/1 /, and for 4 . 5  GHz , &r =9 . 3/2/.

I NTRODUCTI ON : 

Fer r i les ar e cerami c fer r omagneti c mater i al s  made from 

fer rous oxi de and bi val ent metal oxi de as ZnO. MnO , Ni O  

ale . Compared wi th fer r omagnelic  mater i al s  they have lhe 

f'ol l owi ng advantages : C a) hi gh val ues of' i ni ti al 

per meabi l i ty ,  hi gh speci f'ic  el ect r i c  r esi sti vi ty whi ch 

enabl es thei r use al hi gh f'requenci es and fi nal l y  the 

technol ogy of' thei r producti on i s  easy and r el ati vel y cheap ; 

C b) fer ri tes are ver y sui tabl e mater i al s  for maki ng el ect r i c  

components the proper t i es o f  whi ch do not change duri ng 

expl oi tati on for more than 1 0  year s ;  C c) magneti c  soft 

fer ri tes have lhe basi c for mul a MFe2o
4 

where M i s a bi val ent

metal such as Mn , Zn ,  Ni , et.c . Manganese-zi nc f er r i les 

O!n1 -xZnxFe20
4

) are ver y of'len used i n  a wi de fr equency
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range , because they have l arge i ni ti al permeabi l i ty ,  usual l y

above 760. 

EXPERI MENTAL: 

Our sampl es were made when appropri ate amounts of Fe
2
o3 , ZnO 

and MnC03 were dry mi xed .  anneal ed ,  then ground , pressed

i nto the requi red shape and fi nal l y  si ntered at 1 330±1 0 C i n

a ni lrogen · atmosphere.  Several di f'ferent composi li ons were 

made wi th 6 , 1 2 . 6 , 1 8. 7 and 28 mol % ZnO.

The el ectromagneti c character i sti cs of the sampl e

were measured on torus-shaped speci mens and thei r  val ues are

gi ven i n  tabl e 1 .  for samples of Mn1 _xZnxFe
2
o4 •

TABLE 1 .

•Sampl e No. ( 1 )  ( 2) ( 3)

Permeabi l i ty 
( µi. ) 

2000 2000 900

Fr equency range C KHz) 1 00 200-600

C t.g6/µ. ) 1 0-d �10 1 0-1 00 

B C T=26° C ,  H=3000 A/m) 470mT 400mT 390mT

Coerci t.i ve fi el d  C A/m) 20 20 30 

p ( 0/m) 1 1 0 . 1 

Speci fi c wei ght. C kg/m9 ) 4900 4900 4000 

Cri ti cal temper . C °C) > 200 �1 90 �1 60 

Latti ce parameter ( nm) . 8494( 2) . 8492( 4) . 8489( 3)

* C 1 )  Mn Zn F� 0 • C 2) Mn Zn Fe O ,
0 .  94 0 .  Od 2 4 0 . 075 0 .  t25 2 4 

C 3) Mno. e,aZn
o . te?FezO• • C 4) Mno . ?Z'Zno . zeFezO•

( 4) 

3800 

. 001 - .  5 

25-1 0

41 0mT 

1 8  

0. 3 

4900 

> 1 00

848( 3)

The content. of Zn atoms was obtai ned empl oyi ng X-ray powder 

method usi ng a Phi l l i ps di ff'raclomet.er wi th a graphi te

monochromator . Di ffraclograms �re obtai ned for sol i d  sampl es

and al so when part. of them were ground . The uni t cel l for

each sampl e was cal cul ated using the measured Bragg ' s  

r efl ecti on ,  extrapol ati on functi on cos28 and the least

square method . The val ues of' the l atti ce parameter C a) as a

!'uncti on of composi ti on and Vegard ' s  l i ne are pl otted 

agai nst compost li on i n  fi gure 1 .  wi lh ASTM val ues for the 

end compounds ZnFe
2

o4 /3/ and MnFe
2

o4 /4/ r especti vel y.
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I t  i s  ver y i nteresti ng that l he standar d devi ati on i s  

smal l est for lhe sampl e wi th 6 mol % Zn whi ch has lhe hi ghest

val ue of magneti c  i nducti on as wel l .  Sampl es number ( 2) and 

( 3) wi lh hi gher conlenls of 2n have l ess sharp Bragg ' s

ref l ec t i ons . A par t of lhe di ffraclograms f"or Bragg ' s

refl ec t i on ( 333) whi ch appear s  al about 26=56
° 

i s  gi ven i n

figur e 2 .  for al l lhe ex�mi ned sampl es . The sampl es wi l h  6

mol % 2n has ver y wel l par led · Q� . and Q2 refl ecti ons . whi ch 

i s  not lhe case for t he other sampl es . Thi s al so suggests 

and confi r ms l hal sampl e number ( 1 )  was lhe best. 

crystal l i zed one. To confi r m  thi s we al so exami ned Bragg ' s  

refl ecti on di agr ams for sol i d  pl ates of these four sampl e� . 

I n  fi gur e 3. are gi ven these Br agg ' s  ref l eC 'ti ons around 

26=30
° 

, ·  where we can see l hal a char act er i st i c  Br agg ' s

ref l ect.i on angl es al about 30
° 

and 33 . 3
°

, for sampl e ( 2) and

C 3) whi l e  sampl es C l ) · and C 4) had no ref l ecti on al 33. 3 °
.

Bragg ' s  ref l ect. i on al about 30
° 

comes from a spi nal l al l i ce

bul the olher r efl ect.i on C al 33 . 3
°

) represents hemali le

C a.-Fe2o3) and appears onl y al lhe sur face of lhe poorer

qual i ty sampl es . 

Di el ectr i c  proper li es i n  lhe i nfrar ed and f"ar 

i nfrared were i nvesli  gated on t.he basi s of ref l ecli  vi ly 

measurements of pol i shed sampl es . The ref l ecti vi ty cur ves 

agai nst. wavwnumber i n  the i nfrared regi on for sampl es C l )  

and C 2) are gi ven i n  fi gure 4 .  and these measurement.s were 

made usi ng a Per k i n-El mer 983G spectr ophotometer . I n  t hi s  

regi on thr ee strong osc i l l ators wer e obser ved whi l e  i n  the 

far i nfrared r ange lhe ref l ect.i vi ty di d not. change and 

r etai ned a constant. val ue al about 23%. These di agrams were 

numer i cal l y  anal yzed and the di el ectri c  per mi U vi U,y 

cal cul ated . The change of both lhe real C &._) and i magi nary

( &2) par t of compl ex di el ectr i c  per rni li vi tty wi lh wave 

number i s  gi ven i n  fi gure 5 .  

DI SCUSSI ON: 
To compar e  our exper i mental r esul ts i n  the i nfrar ed 

r egi on . �he number of acti ve i nfrar ed modes were cal culat.ed 

usi ng Adams-Newlon tabl es . Si nce the l atti ce i s  spi ne! and 

space group 07 �he compl et.e number of i nfrared acti ve modesh 
i s  fpur . 
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I n  fi gure 5 .  we actual l y  see al l four i nfrared acti ve 

modes at. t.he wave numbers of about. : 280 , 320 , 380 and 555 

cm-� .  I t.  i s  i mport.ant. t.o not.i ce t.hat val ue of th� di el ectr i c

permi t.i vi t.t.y i s  about 8 , 5  a t  the frequency much l ower 

compared wi t.h i nfrared regi on where t.her e are present. four 

i oni c resonances . Thi s i s  i n  good agreement. wi t.h t.he 

l i t.erat.ure dat.a &r =9. 3 for t.he frequency at. about. 5GHz .

Mn1 _xZnxFe2o4 ferri t.es have got. r el at.i vel y hi gh di el ectr i c

permi ti vi t.t.y i n  a very wi de frequency range and t.hat. mi ght. 

be i nt.erest.i ng for practi cal appl i cati ons . 
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