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Effect of Co?* Substitution on Microwave Dielectric Properties of
CasMg4_Co,(VOy)s Ceramics
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Abstract: CasMgy(VO,4)s microwave dielectric ceramic was prepared by a solid-phase reaction method. Mg element in
CasMgy(VO,)s ceramic was substituted by Co element in order to improve the microwave dielectric properties. The phase
composition and microscopic morphology of the ceramics were determined by X-ray diffraction and scanning electron microscopy.
Also, the internal laws of the microwave dielectric properties were analyzed via theoretical calculations, such as bond energy. The
formation of solid solution after Co substitutioncan decrease the sintering temperature. The density dominates the change of ¢, at a
higher relative density. However, ¢, is mainly affected by the ion polarizability per unit volume at a lower relative density. The grain
size reduction caused by the substitution is beneficial to the promotion of the Oxf value. t; is closely related to the bond energy and
changes with the bond energy of the V—O, which is the maximum bond energy in ceramics. CasMg;Co(VQy)s ceramic has the
optimum microwave dielectric properties (i.e., £=9.65, 0xf=54 685 GHz, and ;= —55.3x107° C ™).
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Fig. 1 XRD patterns of CasMg, .Co(VOy)s (0.0<<x<2.0) ceramics, some of changes in intensity and the Retvield refinement result
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Table 1 Lattice parameters, unit cell volume, goodness of fit and bond length of CasMg, ,C0,(VO,)s (0.0<x<:2.0) ceramics

Lattice parameters 5

Bond length/nm

Co, Unit cell volume/nm® x
a=b=c/nm 4><d0,140 4XdCa240 6><d}370 4><dv70

0.0 1.24313 1.921112 3.287 0.25357 0.243 26 0.214 30 0.168 09
0.5 1.24373 1.923 886 2.256 0.246 58 0.24102 0.20971 0.178 31
1.0 1.24320 1.921 442 2.053 0.246 47 0.24092 0.209 62 0.178 24
1.5 1.24337 1.922 189 1.470 0.246 50 0.24095 0.209 65 0.178 26
2.0 1.243 50 1.922 828 1.368 0.246 53 0.24098 0.209 67 0.178 28
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Table 3 Results of bond energy calculation of
CasMg, ,Co(VO,)s (0.0<<x=<2.0) ceramics
Co, Bondtype daveng/A Ec/(kJmol™) Ey/(kJ-mol™) E/(kJ-mol™)
00 Ca O 24842 88.37 559.95 301.14
00 Mg—0 21430 72.42 648.63 296.68
00 v_0 16809  476.83 826.95 543.56
05 Ca—O 24380 88.96 563.73 303.17
05 Mg-O 20971 74.00 662.83 303.18
05 Co—O 20971  230.11 662.83 35224
05 V—O 17831 44949 779.53 512.40
1.0 Ca-O 24370 89.00 563.97 303.30
L0 Mg 0 20962 74.03 663.12 303.31
10 co—0 20962 23020 663.12 352.39
L0 v_0 17824 44968 779.87 512.61
15  Ca—O 24373 88.99 563.98 303.26
L5 Mg—0 2095 74.02 663.03 303.27
L5 co—0 20965 230.18 663.03 352.34
L5 VO 17826  449.62 779.68 512.55
20 CaO 24376 88.98 563.83 303.23
20 Mg0 20967 74.01 662.96 303.23
20 Cco—0 20967 23015 662.96 35231
20 yv_0 17828 44957 779.68 512.49
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Fig. 5 Relationship between 1; value, V—O bond energy and
Co content of CasMg, ,Co(VOy)s (0.0<x<2.0)
ceramics
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