Journal of the Korean Crystal Growth and Crystal Technology p-ISSN 1225-1429
Vol. 35, No. 4 (2025) 152-159 e-ISSN 2234-5078
https://doi.org/10.6111/JKCGCT.2025.35.4.152

Broadband microwave absorption of Sr-Ca-Zn-Co substituted X- and W-
type hexaferrite composites

Soon-Yong Kweon and Young-Min Kang'

Department of Materials Science and Engineering, Korea National University of Transportation, Chungju 27469, Korea
(Received November 20, 2025)

(Revised December 2, 2025)

(Accepted December 3, 2025)

Abstract Hexaferrites with nominal chemical formula of Sr, Ca,Zn, ,Co,Fe,O, (y = 0, 0.5; z = 0, 1, 2) were synthesized
by a solid-state reaction to investigate the phase evolution, magnetic behavior, and electromagnetic (EM) wave absorption
properties. X-ray diffraction revealed that the Sr,Co,Fe,O, sample (y = 0, z = 2) calcined at 1,300°C formed a nearly
single X-type phase, whereas the Ca-substituted samples (y = 0.5; z = 0, 1) exhibited dominant W-type phases. The
magnetic properties strongly depended on cation substitution and phase composition: the Sr,;Ca,sZnCoFe,O, sample (y =
0.5 and z = 1) showed the highest saturation magnetization (Mg) of 75.7 emu/g and the lowest coercivity (Hc) of 63 Oe.
Microwave-absorption analysis of epoxy (10 wt%) composites indicated excellent reflection loss (RL) performance with
RL,, = —44.9 dB at 8.5 GHz (2.6 mm thickness) for Sr,Co,Fe,O, and RL,, = —49.0 dB at 5.6 GHz (3.3 mm) for
Sr, sCaysZn,Fe,s0,. These results demonstrate that X- and W-type hexaferrite composites possess high permeability, and
broadband EM wave absorption capabilities suitable for X-band (8~12 GHz) absorber applications.

Key words Hexaferrites, Solid-state reaction, Magnetic properties, Permeability, Reflection loss, Electromagnetic wave
absorption
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Table 1
Sample composition, phases, saturation magnetization (M), and coercivity (H.) of hexaferrite samples calcined at 1,250 and 1,300°C
Composition/ T, XRD phase analysis VSM
(Sample ID) (0 Primary Middle Minor M; (emw/g) Hc (Oe)
1,250 W M X
St:Zn;Fex0, (82) 1,300 ) W, X, M 73.4 255
1,250 W M X
Sr,ZnCoFe,0, (SZC) 1,300 X W M 75.0 106
1,250 M S -
Sr,Co,Fe,0, (SC) 1,300 e . M, W 70.9 88.2
1,250 W - -
Sr, sCa, sZn,Fe,;O, (SCZ) 1.300 w ) ) 745 181
1,250 W - -
Sr, sCa, sZnCoFe,0, (SCZC) 1300 w ) _ 757 62.7
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Fig. 1. XRD patterns of the hexaferrite samples calcined at (a)
1,250°C and (b) 1,300°C.
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Fig. 2. SEM micrographs of hexaferrite samples calcined at 1,300°C with compositions of (a) Sr,ZnCoFe,,O,, (b) Sr, sCa,sZnCoFe,,O,,
and (c) ground Sr, ;Ca,ZnCoFe,,O, sample.
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Fig. 3. M-H curves of hexaferrites sintered at 1,300°C with
compositions of Sr,Zn,Fe,O,, Sr,ZnCoFe,0,, Sr,Co,Fe,0,,
Sr, sCa, sZn,Fe,s0,, Sr, sCa,ZnCoFe,0,.
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Fig. 4. (a, b) Complex permittivity (¢’, €") and (c, d) complex permeability (', 1) spectra (0.1 < < 18 GHz) of hexaferrite-epoxy
(10 wt%) composites with compositions of Sr,Zn,Fe,;O, (SZ), Sr,ZnCoFe,;0, (SZC), Sr,Co,Fe,;0, (SC), Sr, sCa,ysZn,Fe,0, (SCZ),
and Sr, ;Ca,ZnCoFe,O, (SCZC).
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Table 2

Real part of permeability (u') at 100 MHz, frequency at maximum p" (f,,,,), maximum imaginary part of permeability (u",,,,), minimum
reflection loss (RL,,;,), respective frequency and thickness of at the RL,,;, points (fx; min» @rimin) Of hexaferrites-epoxy (10 wt%) composites

COmpOSitiOn H,@loon .f;‘z”max (GHZ) H”max RLmin (dB) fl‘(Lmin (GHZ) dRLmin (mm)
Sr,Zn,Fe,0, 1.68 - - - - -
Sr,ZnCoFe;;0, 3.17 457 0.57 -15.9 6.45 3.8
Sr,Co,Fey0, 2.54 6.0 0.67 —44.9 8.51 2.6
Sr, sCa, sZn,Fe,;0, 2.09 - - - - -
St, Cay sZnCoFe;0, 3.49 5.29 1.03 —49.0 5.64 33

. () SryZn,Fe,0, 1o D) Sr;ZnCoFex0, o (€) Sr,Co,Fe,,0,

®

o

L NNED ‘m\x
: | iR

d (mm)

X+W+M X+W+M Xetw+m
4 6 8 10 120 2 4 6 8 10 120 2 4 6 8 10 12
f(Hz) f(Hz) f(Hz)
0 (d) Sry.sCagsZn,yFey 0, 10 (e) Sr1.5CaysZnCoFey0,
8 \ 8
’§6- £ 64
€ £
S 4- o 4
24 2
W
0 2 4 6 8 10 12 0o 2 4 6 8 10 12
f(Hz) f(Hz)

Fig. 5. (a~e) Reflection loss (RL) maps as functions of frequency (f) and absorber thickness (d) for hexaferrite-epoxy (10 wt%)
composites with compositions of Sr,Zn,Fe,;O, (SZ), Sr,ZnCoFe,,O, (SZC), Sr,Co,Fe,;O, (SC), Sr,;Ca,sZn,Fe,;O, (SCZ), and
Sr, 5Ca, sZnCoFex0, (SCZC).
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Fig. 6. RL spectra of hexaferrite-epoxy (10 wt%) composites
with compositions of Sr,ZnCoFe,;O,, Sr,Co,Fe,O,, and
Sr, sCa, sZnCoFe,O,.
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