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Solid solutions in the system jacobcite MnFe2O4 –
franklinite ZnFe2O4

Ludmil Bozadjiev, Todorka Dimova, Mihail Doynov
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Introduction

Rohmdk hr sgd fdmdq`k m`ld enq ̀ kk nwhcd lhmdq`kr vhsg
enqltk` ÀÂ1Î3 'Jnrsnu+ 0882(- Edqqnrohmdkr `qd
rohmdkr bnms`hmhmf Ed2* ̀ r sgqdd,u`kdms hnm Â2* 'Kd,
shtj+ Ygtq`ukdu+ 0872(- Sgd bdq`lhb l`sdqh`kr a`rdc
nm edqqnrohmdkr `qd jmnvm `r edqqhsdr 'Fdq`rhlnu ds
`k-+ 1//2(- Sgd lhwdc l`mf`mdrd,yhmb edqqhsdr
Lm0,WYmWEd1N3+ khjd sgd mhbjdk,yhmb edqqhsdr
Mh0,WYmWEd1N3+ `qd bk`rrhehdc `r l`fmdshb`kkx rnes
vhsg trt`k gxrsdqdrhr btqudr `mc g`ud udqr`shkd `o,
okhb`shnmr9 hm q`chn dmfhmddqhmf+ q`chn dkdbsqnmhbr+
q`chnknb`shnm cduhbdr `mc q`chn qdk`x rxrsdlr+ `r
ldlnqx tmhsr+ dsb-

Sgd l`fmdshb oqnodqshdr `mc lhbqnrsqtbstqd ne
sgd l`mf`mdrd,yhmb edqqhsdr bnms`hmhmf B`N g`ud
addm rstchdc ax nsgdq `tsgnqr 'Ymhc`qrhb+ Cqhedmhj+
0888(- Sgd lhwdc Lm,Ym edqqhsdr Lm0,WYmWEd1N3
vhsg W < /-4/+ /-54 `mc /-74 rhmsdqdc hm mhsqnfdm
`slnrogdqd ̀ s 00//°B g`ud 7/–74$ ne sgd sgdnqds,
hb`k cdmrhsx ̀ mc sgdhq l`fmdshy`shnm hr ̀ ants 8/$ ne
sgd sgdnqdshb`k nmd 'Anss` ds `k-+ 1//3(- Sgd rhyd ne
sgdhq bqxrs`kr hr ̀ ants 4 ll-

Sgd l`fmdshb oqnodqshdr ne Lm,Ym edqqhsd vdqd
rtll`qhydc hm 'Lntkhm ds ̀ k-+ 1///(- Sgd oqnodqshdr
ne sgdrd edqqhsdr cdodmc nm sgdhq fq`hm rhyd vhsg sgd
khlhs sghbjmdrr ne sgd mnm,l`fmdshb k`xdqr adhmf 0-4

ll- Sgd l`fmdshb oqnodqshdr ne ̀  bnlonrhsd l`sd,
qh`k enqldc ̀ r Lm,Ym edqqhsd ehkl cdonrhsdc nmsn '0//(
ne lnmnbqxrs`kkhmd odqhbk`rd vdqd rstchdc ax Cndrdx
ds `k- '0884(- Lm,Ym edqqhsd ehkl vhsg 2/ μl sghbj,
mdrr v`r oqdo`qdc `r lnhrstqd rdmrnq '@qrg`j` ds
`k-+ 1//1(- Sgd hmektdmbdr ne sgd qdk`shud gtlhchsx+
sdlodq`stqd `mc shld 'hm lnmsgr( nm rdmrnq qdrhr,
s`mbd vdqd ̀ krn rstchdc-

Sgd oqdrdms vnqj hr ̀  rxrsdl`shb rstcx nm sgd oqdo,
`q`shnm ̀ mc oqnodqshdr ne sgd lhwdc Lm,Ym edqqhsdr-

Experimental

Sgd og`rd `mc bgdlhb`k bnlonrhshnmr ne sgd rnkhc
rnktshnmr rxmsgdrhydc hm sgd rxrsdl i`bnabhsd LmEd1N3
– eq`mjkhmhsd YmEd1N3 ̀ qd oqdrdmsdc hm s`akd 0- Sgd
s`akd rgnvr `krn sgd `oo`qdms cdmrhsx `mc bqxrs`k
rhydr ne sgd lhwdc l`mf`mdrd,yhmb edqqhsdr ̀ esdq rhm,
sdqhmf `s 02//°B enq 1 g-

Sgd l`mf`mdrd,yhmb edqqhsdr vdqd oqdo`qdc ax ̀
svn,rs`fd bdq`lhb sdbgmnknfx hmunkudc sgd enkknv,
hmf nodq`shnmr9 fqhmchmf ̀ mc gnlnfdmhy`shnm ne sgd
hmhsh`k lhwstqdr: edqqhshy`shnm: fqhmchmf ̀ mc gnlnf,
dmhy`shnm ne sgd edqqhshydc l`sdqh`k: lntkchmf: rhm,
sdqhmf- Sgd fqhmchmf `mc gnlnfdmhy`shnm v`r b`q,
qhdc nts hm ̀  rsddk a`kk lhkk enq 5 g ̀ s q`shn 'l`sdqh`k(.
'lhkk a`kkr(.'v`sdq( dpt`k sn 0.3.0- @esdq cqxhmf sgd

S`akd 0- Bnlonrhshnm+ ̀ oo`qdms cdmrhsx '>( ̀ mc bqxrs`k rhydr 'c( ne Lm,Ym edqqhsdr

Oxides*, wt.% 1300 оС – 2 h 
d, μm Sample Mn-Zn ferrite 

MnO ZnO Fe2O3 
Total 

ρ 
d min d max d mean 

1 Mn0.45Zn0.55Fe2O4 13.48 18.90 67.62 100.00 5.00 3 20 8 

2 Mn0.50Zn0.50Fe2O4 15.04 17.26 67.70 100.00 4.95 3 21 11 
3 Mn0.55Zn0.45Fe2O4 16.58 15.56 67.86 100.00 4.93 3 24 12 
4 Mn0.60Zn0.40Fe2O4 18.12 13.87 68.01 100.00 4.92 3 28 15 
5 Mn0.75Zn0.25Fe2O4 22.81 8.72 68.47 100.00 4.80 25 420 200 
6 Mn0.80Zn0.20Fe2O4 24.38 7.00 68.62 100.00 4.79 30 480 240 
7 Mn0.85Zn0.15Fe2O4 25.97 5.26 68.77 100.00 4.78 44 500 400 

)LmN v`r hmsqnctbdc `r LmBN2- Sgd hmhsh`k l`sdqh`kr – LmBN2+ YmN `mc Ed1N2 vdqd vhsg otqhshdr p
`mc pa-
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oqnctbs v`r rtaidbsdc sn edqqhshy`shnm ̀ s 00//°B enq
0 g sn rxmsgdrhyd Lm,Ym edqqnrohmdkr- Sgd edqqhshydc
lhwstqdr vdqd fqntmc `s 5$ gtlhchsx `mc fq`mt,
khydc sgqntfg /-4 ll rhdud- Sgdm+ sdrs r`lokdr vdqd
oqdo`qdc ax rdlh,cqx oqdrrhmf `s 4/ LO` `mc rhm,
sdqhmf ̀ s mhsqnfdm ̀ slnrogdqd ̀ s 02//°B enq 1 g- Sgd
rhmsdqdc r`lokdr vdqd q`ohckx bnnkdc sn 0//–5//°B-

Ehftqd 0 rgnvr sgd onvcdq cheeq`bshnm o`ssdqmr
ne Lm,Ym edqqhsdr nas`hmdc ̀ s cheedqdms sdlodq`stqdr
`mc ehftqdr 1 `mc 2 – sgd lhbqnrsqtbstqdr ne sgd
rhmsdqdc edqqhsdr- Sgd l`fmdshb oqnodqshdr ne sgd Lm,
Ym edqqhsdr rhmsdqdc `s 02//°B enq 1 g `qd oqdrdmsdc
hm s`akd 1-

Sgd sdlodq`stqd bndeehbhdms ne khmd`q dwo`mrhnm
ne sgd l`mf`mdrd,yhmb edqqhsdr vhsg bnlonrhshnm
Lm/-44Ym/-34Ed1N3 v`r 83+4 - 0/,6+ cdf,0+ ̀ mc sgd sdl,
odq`stqd ne Btqhd – 267 Ê-

Discussion

Sgd enql`shnm ne rohmdkr hm edqqhsd l`rrdr+ trt`kkx
qdedqqdc sn ̀ r edqqhshy`shnm+ adfhmr ̀ s 7//°B ̀ mc dmcr
`s 01//°B- Sgd noshl`k sdlodq`stqd ne edqqhshy`shnm ,
00//°B '0 g( v`r cdsdqlhmdc trhmf sgd cheeq`bshnm
l`whl` hmsdmrhshdr ̀ s /-158 ml ne gdl`shsd ̀ mc /-144
ml ne rohmdk hm sgd sdlodq`stqd q`mfd eqnl 8// sn
01//°Ñ 'ehf- 0(- Ctqhmf sgd oqnbdrr ne edqqhshy`shnm+
ehqrskx eq`mjkhmhsd YmEd1N3 hr enqldc `mc sgdm+ `s
ghfgdq sdlodq`stqd 'eqnl 8// sn 01//°B(+ Lm1*

odmdsq`sdr sgd YmEd1N3 rsqtbstqd sn enql lhwdc
l`mf`mdrd,yhmb edqqhsd9 Lm0,WYmWEd1N3-

Enq sgd rdkdbshnm ne noshl`k rhmsdqhmf sdlodq`,
stqd '02//°B enq 1 g(+ sgd edqqhsd r`lokdr vdqd rta,
idbsdc sn hrnsgdql`k sqd`sldms hm mhsqnfdm ldchtl

Ehf- 0- W,q`x cheeq`bshnm o`ssdqmr ne Lm,Ym edqqhsd
'Lm/-44Ym/-34Ed1N3( `esdq hrnsgdql`k qdsdmshnm `s 8//,
01//°B

Ehf- 1- L`mf`mdrd,yhmb edqqhsd Lm/-64Ym/-14Ed1N3
bnms`hmhmf /-/4 vs-$ LfN- Rhmsdqhmf sdlodq`stqd 02//îÑ
– 1 g- Qdekdbsdc khfgs- Bn`qrd fq`hmdc gdsdqnfq`mnak`rshb
rsqtbstqd-

Ehf- 2- L`mf`mdrd,yhmb edqqhsd Lm/-44Ym/-34Ed1N3
bnms`hmhmf /-/4 v$ LfN- Rhmsdqhmf sdlodq`stqd 02//îÑ
– 1 g- Qdekdbsdc khfgs- Mnm,tmhenql fq`hm rhyd
'gnldnfq`mnak`rshb rsqtbstqd(-

hm sgd q`mfd 014/–024/°B vhsg rsdo ne 4/°B enq /-4+
0-/+ 1-/ ̀ mc 2-/ g- Sgd bg`mfdr hm sgd ̀ oo`qdms cdm,
rhsx+ lhbqnrsqtbstqd ̀ mc nsgdq oqnodqshdr ne sgd Lm,
Ym edqqhsdr vdqd trdc sn cdsdqlhmd sgd noshl`k sdlod,
q`stqd `mc shld enq rhmsdqhmf- Sgd q`ohc bnnkhmf ne
sgd edqqhsdr nas`hmdc hm sgd sdlodq`stqd hmsdqu`k 0//,
5//°B v`r b`qqhdc nts sn ̀ unhc sgd nwhc`shnm ne Lm1*

sn Lm2* ̀ mc sgd qdrtkshmf edqqhsd cdbnlonrhshnm-
@r b`m ad rddm eqnl s`akd 0+ sgd hmbqd`rd ne

YmEd1N3 bnmsdms hm sgd lhwdc Lm,Ym edqqhsdr kd`cr
sn hmbqd`rd ne sgd `oo`qdms cdmrhsx `mc cdbqd`rdc
sgd ̀ udq`fd rhyd ne sgd bqxrs`kr- Sgd l`mf`mdrd,yhmb
edqqhsdr vhsg knv bnmsdms ne YmEd1N3 g`ud bn`qrd
fq`hmdc gdsdqnfq`mnak`rshb 'mnm,tmhenql rhydc(
rsqtbstqd+ vghkd sgnrd vhsg ghfgdq YmEd1N3 bnmsdms
– ehmd fq`hmdc gnldnfq`mnak`rshb 'tmhenql fq`hm
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rhyd( rsqtbstqd- Sgd lhwdc l`mf`mdrd,yhmb edqqhsdr
vhsg gnldnfq`mnak`rshb rsqtbstqd g`ud ghfg hmhsh`k
l`fmdshb odqld`ahkhsx `mc knv u`ktdr ne qdrhct`k
hmctbshnm `mc bndqbhud enqbd 's`akd 1(- Sgd ghfgdrs
hmhsh`k l`fmdshb odqld`ahkhsx g`r sgd edqqhsd vhsg
bnlonrhshnm Lm/-44Ym/-34Ed1N3- Sgd r`ld edqqhsd ̀ k,
knxdc vhsg /-/4 l`rr$ LfN g`r hmhsh`k l`fmdshb
odqld`ahkhsx ne 3/33w0/,5 G.l+ hmctbshnm ̀ s r`stq`,
shnm /-21/ Ò+ qdrhct`k hmctbshnm /-04/ Ò `mc bndq,
bhud enqbd 6-1/ À.l- Hsr rsqtbstqd v`r gnldnfq`mn,
ak`rshb vhsg rl`kk fq`hm rhyd chrodqrhnm9 cld`m<0/ μl+
clhm<6 μl ̀ mc cl`w<01 μl-

Sgd rbgdld trdc sn bnmsqnk edqqhsdr oqnodqshdr
hmunkudc rdkdbshnm ne `m noshl`k bnlonrhshnm
'Lm/-34Ym/-44Ed1N3( bnms`hmhmf /-/4 vs-$ ne LfN ̀ mc

sdbgmnknfx 'edqqhshy`shnm `s 00//°Ñ – 0 g `mc rhm,
sdqhmf ̀ s 02//°Ñ – 1 g hm mhsqnfdm ldchtl enkknvdc
ax q`ohc bnnkhmf eqnl 0/// sn 5//°B( sn nas`hm lhwdc
l`mf`mdrd,yhmb edqqhsd vhsg ghfg cdmrhsx+ cdrhqdc
lhbqnrsqtbstqd ̀ mc oqnodqshdr-

Conclusion

Sgd lhwdc l`mf`mdrd,yhmb edqqhsdr vhsg bnlonrh,
shnm Lm/-44Ym/-34Ed1N3 g`ud ghfg `oo`qdms cdmrhsx
`mc gnldnfq`mnak`rshb rsqtbstqd `mc oqnuhcd ghfg
hmhsh`k l`fmdshb odqld`ahkhsx ̀ mc knv bndqbhud enqbd-
Sgd r`ld edqqhsd ̀ kknxdc vhsg /-/4 l`rr$ LfN g`ud
hmhsh`k l`fmdshb odqld`ahkhsx ne 3/33w0/,5 G.l ̀ mc
bndqbhud enqbd ne 6-1/ À.l-

Sample Mn-Zn ferrites μн . 106, 
H / m Вm, T Вr, T Нс, 

A / m 

2 Mn0.50Zn0.50Fe2O4 2500 0.220 0.060 7.32 
3 Mn0.55Zn0.45Fe2O4 3866 0.290 0.120 9.40 
4 Mn0.60Zn0.40Fe2O4 3022 0.294 0.125 9.55 
5 Mn0.75Zn0.25Fe2O4 700 0.298 0.180 23.20 

S`akd 1- Hmhsh`k l`fmdshb odqld`ahkhsx 'ìí(+ hmctbshnm `s r`stq`shnm
'Âl(+ qdrhct`k hmctbshnm 'Aq( ̀ mc bndqbhud enqbd 'Íñ( ne Lm,Ym edqqhsdr
`esdq rhmsdqhmf `s 02//°B enq 1 g-
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Tâúðäè ðàçòâîðè â ñèñòåìàòà ÿêîáñèò MnFe2O4 –
ôðàíêëèíèò ZnFe2O4

Ëþäìèë Áîçàäæèåâ, Òîäîðêà Äèìîâà, Ìèõàèë Äîéíîâ

Ðåçþìå. Èçñëåäâàí å ôàçîâèÿò è õèìè÷åí ñúñòàâ
íà ñèíòåçèðàíè òâúðäè ðàçòâîðè â ñèñòåìàòà
ÿêîáñèò LmEd1N3 – ôðàíêëèíèò YmEd1N3- Îïðå,
äåëåíè ñà ïðèâèäíàòà ïëúòíîñò è ðàçìåðèòå íà
êðèñòàëèòå íà ñìåñåíèòå ìàíãàí,öèíêîâè ôåðèòè
îò òèïà  Lm0,WYmWEd1N3 ñëåä èçïè÷àíå ïðè 02//îÑ
– 1 ÷àñà- Êàòî ñóðîâèíè ñà èçïîëçâàíè îêñèäè
íà ñúîòâåòíèòå ìåòàëè ñ ÷èñòîòà o è o`- LmN å
âíåñåí êàòî LmBN2- Ìàíãàí,öèíêîâèòå ôåðèòè
ñà èçãîòâåíè ïî äâóêðàòíà êåðàìè÷íà òåõíîëî,

ãèÿ+ âêëþ÷âàùà ñëåäíèòå îïåðàöèè9 ñìèëàíå è
õîìîãåíèçàöèÿ íà èçõîäíèòå øèõòè: ôåðèòèçà,
öèÿ: ñìèëàíå è õîìîãåíèçàöèÿ íà ôåðèòèçèðà,
íèÿ ìàòåðèàë: ôîðìóâàíå: èçïè÷àíå- Èçïå÷åíè,
òå îáðàçöè ñå îõëàæäàò áúðçî â òåìïåðàòóðíèÿ
èíòåðâàë îò 0/// äî 5//îÑ- Èçìåðåíè ñà9 íà÷àë,
íà ìàãíèòíà ïðîíèöàåìîñò 'ìí(+ èíäóêöèÿ íà
íàñèùàíå 'Âl(+ îñòàòú÷íà èíäóêöèÿ 'Aq( è êîåð,
öèòèâíà ñèëà 'Íñ(-


