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Synthesis and Characterization of Mn-substituted M-type Sr-hexaferrites
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Mn-substituted M-type Sr-hexaferrites, SrFe;, Mn, Oy (x=0, 2, 4, 6, 8, 10, 12) were prepared using the sol-gel and post-annealing
processes. XRD analysis on x =0 sample revealed that the crystalline M-type hexaferrite phase can be formed at the post-annealing
temperature, 7,,,, > 700 °C. The sol-gel processed powders of SrFe;, Mn,Oyy (x=0, 2, 4, 6, 8, 10, 12) annealed at 900 °C were
ground, pressed into pellets, and sintered in air at 1100 and 1200 °C for 4 h, respectively. Single M-type hexaferrite phase is formed in
samples of x <8 sintered at 1100 °C, while it is found in the samples of x <6 sintered at 1200 °C. Scanning electron microscope
(SEM) was used for the study of microstructure. For the samples sintered at 1100 °C, as increase of x from 0 to 6, the resistivity
significantly decreases from 1.8 x 10% Q:cm to 5.5 x 10° Q-cm, the saturation magnetization value decreases and the coercivity
increases. Complex permittivity and permeability were measured on the toroidal shaped samples of SrFe;,_,Mn,O1o (x =0, 2, 4, 6, 8)-
epoxy (10 wt%) composites. The effects of Mn substitution on the electrical and magnetic, and high frequency properties of the M-
type Sr-hexaferrites are discussed.
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Fig. 1. (Color online) (a) XRD patterns of the SrFe;,0,9 calcined at
600~1000 °C and those of the SrFej, . Mn, Oy (x=0, 2, 4, 6, 8, 10,
12) calcined at (b) 1100 °C and (c) 1200 °C.
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Table L. Lattice parameters a and ¢, ratio of c/a, and lattice volume
of the SrFe|, ,Mn,O (x =0, 2, 4, 6, 8) samples sintered at 1100 °C.

x a (A) c (A) cla vol. (A%)
0 5.884 23.06 3918 691.4
2 5.887 23.04 3914 691.5
4 5.890 23.01 3.906 691.2
6 5.893 2297 3.898 690.7
8 5.896 22.94 3.891 690.7
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Fig. 2. (Color online) Changes (%) in lattice parameters a, ¢ and cell
volume of SrFe;,_ Mn, O (x=0, 2, 4, 6, 8, 10, 12) samples sintered
at 1100 °C.
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Fig. 4. SEM images of the SrFe;, Mn,O9 (x =0, 2, 4, 6, 8, 10, 12) samples sintered at 1100 °C and 1200 °C.



~ 184 -

4(a)~4(g)°} Fig. 4(gy~4()= ZHZF 1100 °C 2 1200 °Coll 4
A3 SrFe;, MnOi(x=0, 2, 4, 6, 8, 10, 12) A|EE2°
Mn X|&&(x)el] e PR HEE ®Bo] F 1100 °Col
A &A% ANEE Fig 1(b)9] XRD ¥4 ZAxlo] oJspd
Fig. 4(a)~4(e)2] x =014 x=87FX|7} M-hexaferrite o™
x9] S71l Wt ZAHYSo] & W nm FEellA 48] A
At} x =84 ~1 um FFo2 FA A= AS &
ATh Mne] & HI7} Felt) =& x=8, 10914 1100 °CollA
T =2 A% FEES JRYa E 4 dok ¥R 1200 °C
24 AlFEE x=0 ABAA on] AR Aol F um TF
o7 F73] dojue RS ¢ F U x =20 Yol
238 JAIE=H o= Mn2] XEHFo] HL HLollA Mn
o] M-hexaferrite®] 2R JAlsl= IS sl= Aoz
7180 Hagl A7 Arel AR 11]. oR, olegh HEF
o] ol o3k A o] 22 1100 °ClM= =AY
ERtal Itk 1200°C &2 A|EE x=0014 x=67A7}
M-hexaferrite 3°]™ Mn2] X|&o] x >4 o]Ak] A|FoiA
= ] & A4™Ee 2= A & 5 Uk

%1 1100°C 2 1200°C &2 AlE S M-hexaferrite T3
< Hole AIEE disle] 7] vIASE =431 Table 11
o] AAIBIATE A7 MM 2gY 7k 7 1A AEAE
FoslEg Ao A% A AASIAH. Fig. 4(a)~4(d)
ol Al &Rl 7Fsgh vl 2ol 1100 °C &4 789 x =09
A x=6 ¥ AlBE DET} 2.1-2.5 g/em® FEOF 1l
porousdtt. x =80l Aol e Pert 3.5 g/em’
AR Eol), o]F FaE sl 7] BIATSE B x=
0o14 1.79 x 108 Q-emoll A x=2 A|ZIA = 1.90 x 10° Q-cm
2 10° order® 2o x =69 x=8 A|FA= THA] 10?
orderZ T} SolA Mne] X&) F71gel wfe} A7 1H=A

H(kOe)

Mno] A&E M sr-57g|gto| EQ Mot 54 W7 - AE7] - FER]

Table II. Sintering density and electrical resistivity (o) of the M-
hexaferrite SrFe;, (Mn,Oy9 samples sintered at 1100 °C and 1200 °C.

Sintered samples X Density (g/cm?) p (Qem)
0 2.169 1.79 x 10

2 2.495 1.90 x 10°

SrFel'fggfg*)O” 4 2.183 2.00 x 10*
( 6 2.535 5.52 % 10°

8 3.548 1.12 % 10°

0 4.847 228 %10

SrFe;> ,MnOjo 2 2.547 1.18 x 10°
(1200 °C) 4 4271 827 x10°

6 3.884 2.65 % 10°

o] A WIS & F Uk o x=6 A8 Hr} x=38
AE7F 2297t ¥ =31 2AYe] 37] Wil intrinsicdt
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o] ofgl Mn*/Mn*"/Mn*" & thdst X2 EAlSHA
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gal B 4 9ok Mn2] X|& site 2 ALl Uitk HSS
317 $J3l= 3 Mossbauer spectra +-29[10,13]12 HIE
sk Hoh gk #40] @ HTE Fig. 5(a)> 700~1100 °C
oA sol-gel T4E SrFe;,0,9 AIRZE FTEXEE T M-
hexaferrite-epoxy(10 wt%) E31A] 2p7|o|HFH @ aM-H)E

»] (b)
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Fig. 5. (Color online) M-H curves of (a) hexaferrite (SrFe ,0,9) powder-epoxy (10 wt%) composites, where the hexaferrite powders were post-
annealed at 700~1100 °C and (b) those of SrFe|,_Mn,O9 (x=0, 2, 4, 6, 8)-epoxy (10 wt%) composites, where the hexaferrites were sintered at

1100 °C.
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Table III. Saturation magnetization (47Ms) and coercivity (Hc¢) of
the M-hexaferrite-epoxy (10 wt%) samples, where the SrFe,0;9
powders were annealed at 700~1100 °C and SrFe;,_Mn,O1 (x =0,
2,4, 6, 8) samples were sintered at 1100 °C.

M-hexaferrite 47Ms (kG) H¢ (kOe)
SrFe,019 (700 °C) 0.986 5.076
SrFe 1,049 (800 °C) 1.45 5.377
SrFe ;019 (900 °C) 1.69 6.355
SrFe ;049 (1000 °C) 1.77 6.015
SrF612019 (1 100 0C) 2.02 4.241
SrFe ;- Mn,Oy9 (x=0) 2.29 4.704
SrFelz_anv\-Olg (x = 2) 1.54 5.148
SrFe, Mn,Oyy (x =4) 0.818 7.033
SrFe;, Mn,Oj9 (x =6) 0.503 6.113
SrFe;, Mn,Oy (x =8) 0.413 0.763

x=48T} 2R glod ol HA| AR F7
ok AAMdsh= x <6 MRS XA R ol Q=
AoF Mt o9} FARE A8 A7 AT Mne] X3
HE x<sollA ®Barg ub Qleh10]. 28y B AFME
x =87 @] M-hexaferriteS $AIGFE2™ Mne] Feo
B HIE ZHshe x=8lME L3]8] Hot FA 74g A
E g ok o8g He AT Fig. 4Pl Be i}
o] x=8 AlE7} B} AlRXRT ZAYHo| AA g Aol
2 F3o] Aok ey ¥ AR glo] Wit A4 H

2

ft
z

Hom o

10° 169 1027
f(Hz)

Fig. 6. (Color online) (a~b) Complex permittivities (&, €”) and (c~d) complex permeabilities (1, x") spectra (0.1 <f<15 GHz) of the M-
hexaferrite, SrFe;; ,Mn,O (x=0, 2, 4, 6, 8) powder-epoxy (10 wt%) composites.
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= W] th-gste] e kA Zahr] wlZeltt. /> 1 GHz
M= AR 23 F ol 71ddital B 4 lohe-
8]. 714w kol AA WA b= f=2.5 GHz H=olA
o u Fuos AN, A8 4aM:S ol Snoek’s
limit lawoll 2831 2} Alge] A 39 T f ks
ARkl & 4 ATHS,18].

(= 1):f, = 347, @

SrFe;, MnOo(x=0, 2, 4) AlE 3l s &= Fig. 6
(©)2 insetolld Z}zh ¢low 4 =1.079, 1.048, 1.023°] Z}
7} AojzItt, 718 StM 2490 x =001 I AR F
W FulE £ =50 GHZZ Fa1[19], Table HIONA ZF X859
4nME NSl Ak 298 =R F, 2 AR sl
& ARRPA x=2 A|EE £,=55GHz, x=4 A|EE f =
61 GHz =9] gro] Lojzt}. 47X f =y HE A59] ©]
g AAIH)SE HIEISEE Mne] x =22 X|3kgd wet
H7} 10% A=Y S71eithe 48s @4 9o o& Fig

Mno] A&E M sr-57g|gto| EQ Mot 54 W7 - AE7] - FER]

5(b)e] Aol Mno] 218H0 <x <4yl wet HAlol
Z7kshe 3 Bo] slok. = H, = 2K,/M°] TAE
31[20], Mn9] X8| Z71e w fo] F7F Hh Mo 7
Aol &N vl Z7] wFe Mne] X3 WE H,2 7t
= F2 MO i 93 Aom B 4 i B o]
BollA x=6 2 Al disiMe w ko] Foieel wEh
A WHalsle] g3 ke =237} ofEisl). B3k v =38
A go] thall AkePA & 44 GHZZ} QojRT). o] A 2

=20l 2J5) Fig. 5(b)2] x=8 A|FoA BAHo] 7H4s}

KR
= g92lo] & = Qi
Iv. &4 =

B A= MnZ X3l M-hexaferrite, SrFe;,-Mn,Oo
x=0, 2, 4, 6, 8, 10, 12)01]/4 Mn X&) W2 2=} Ae
a, ¢ W8}, PAIFEE, A71H 544 2 159 438, FAE
EAo] W3lE Huslgit). Sol-gelHS 5ato] A4S A4S}
3 900 °CollA FEXE] F 1100°CAlAN 2ZA3HS
x <8 WA ] M-hexferriteS 95 4+ AL, o]
S =2 Mn X|3hgo] sk 542 A s AellA g1
H v} gk Mn X8F o 00l 670 S7HE o 717]
HIAEE 1.8 x 10%14 5.5 x 10° Q-emZ AT 743K
I AaM= AL, Hee S7FEATE Mn X|8lo)] w2 A
29 4nM, 7, FAE spectrallX D= 4y 35S Snoek’s
lawell TSIt AL £ FhS B3l Mne] X|3hol] me} 2}17]
ool F7HHS =S 53] Mn X84 M-
hexaferrite®] Z7|-%E 50| FA| e SHL 71&9] 9
TAR B ) AjEe] S8 ofle} AR AlA, AF
7] Wxe], Fv T Ko} kst FopllAe] 88 Tsd=
RIS = Qlohe ollA] om)7t ot

E e 2020~20219% ARS8 AR EAIN] A
do FxATAEe] AdS Pol TP ATU(NRF-
2017R1C1B2002394).
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