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Measurement of Complex Permittivity of Dry Rocks and
Minerals with Perturbation Method at 9 370 MHz
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Abstract: Resonant cavity perturbation method, widely used as an easy and fast method for determining dielectric properties
of materials at microwave frequencies, is very sensitive to the measurement of the materials with low ¢' and tand values.
However, it is not suitable to measure a majority of rocks and minerals whose &' and tand values are beyond the measurement
range using the perturbation method. This paper proposes the polythene dilution method, a new perturbation-based method,
to measure complex dielectric permittivity of dry rocks and minerals over 9 370 MHz. At first, the dry rocks and minerals
are ground into powder, and then they are mixed in a given proportion with polythene powder, both with relatively low &'
and tand and with stable dielectric property, and then hot-pressed into fine granular specimens. The perturbation method is
used to measure the complex dielectric permittivity of the rock and plastic mixture. The dielectric property of the two-phase
mixed system and its relation to either of the two phases can be obtained with Lichtenecker mixture formulae. Since the com-
plex dielectric permittivity of the polythene is known, the complex dielectric permittivity of the rock samples can be calculat-
ed from that of the rock and mineral samples. At 9 370 MHz, as shown by the measurement results, the measurement of the
same testing sample produced the same result with either of the perturbation method of rectangular or round resonant cavi-
ties, or of the transmission reflectometry, and provided us with the complex dielectric permittivity data measured from part
of the dry rocks and minerals.

Key words: resonant cavity perturbation method; polythene dilution method; Lichtenecker’s mixture formulae; complex die-

lectric permittivity; rocks and minerals.
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Table 1 Comparison between complex dielectric permittivity
and loss tangent of six standard materials measured
by cavity perturbation method and its criterion val-

ues at 9 370 MHz

€ ewd (%) tand tandsd
2.35 2.350 0 1.3X107%  5X107* 0.95
2.02 2.050 1.46 4X10°3 5X10°* 2. 05
2.62 2.580 1.55 18X102 1.24X10°2 1.18
3.71 3.780 1.85 9X10~* 1X10~* 2. 20
4.30 4.305 0.12 6X10~* 5Xx10°¢ 2. 65
Al Oy 8.79 8.900 1.24 L6X1074  4X101 3.85
¢’ tand sestd ~tandsd
6 (Arthar, 1954;

Von Hippel, 1954; Metaxas and Meredith, 1983;
Wang et al. , 1999).
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2 9370 MHz

Table 2 Complex dielectric permittivity of some rocks, minerals and polythlene measured by cavity perturbation

method and transmission reflection method at 9 370 MHz respectively

/

e'D 'O e'/r tandt tand® tandr/r
30% /70% 3. 40 3.48 3. 36 2.31X1073 1.93X10°3 5.5X1073
30% /70% 3. 34 3.17 3. 35 3.18X103 1.71X103 2.7X1073
30% /70% 3. 49 3.52 3. 54 1.60X102 3.40X 102 1.6X102
30% /70% 3. 46 3. 46 3.33 6.00X103 2.85X10 2 2.7X1073
30% /70% 3.79 3.63 3. 69 2.40X1072 9.47X10—4 1.8X1072
100% 2.35 2.29 2.34 1.30X103 2.20X10—5 4X1073

:l. ) ;O. H
T/R. / .

3

Table 3 Complex dielectric permittivity of some rocks and minerals measured by polythene dilution method

indirectly and using rocks and minerals specimen directly

€' indirec €' direc S.D. (%) tanSindirec tanddirec
7. 60 7.38 2. 94 1.18X10°! 1.08X10! 2.71
7.55 7.82 —3.51 7.44 X102 8.30X102 2. 81
5.12 4. 75 7.50 2.15X103 9.35X10% 2.59
6.23 6. 21 30. 21 7.80X1073 1.40X102 2.61
5.03 5.02 0. 20 1.22X10°2 9.10X1073 2.62
6.91 6. 59 4. 74 1.35X102 1.08X102 2.79
5.51 5.76 —4. 44 2.95X1072 3.05X1072 2. 60
6. 88 7.08 —2.86 1.60x102 1.42X10°2 2. 89
7.86 8. 11 —3.13 5.60X1072 4,91X102 2. 81
4 b
Table 4 Complex dielectric permittivity of some rocks and ,
minerals ,
¢ tand o(g/cm®)
4. 84 2.88X1072 2.62
5. 27 3.84X 1072 2. 67 ’
6.7 4,13X1072 2. 86
6. 74 4,96 X102 2. 86
7.02 1.8X1072 2.76
7.95 5X1072 2.84 ’
8. 495 1.8X1072 3. 30 ’
6. 34 2.2X1072 2.67
6. 56 4, 9X1072 2. 65
7.91 5.7X1072 2.95 ’
8. 05 7.2X10°3 3. 30
10. 2 1.59 X101 3.18
5.73 1.0X102 4.70
54. 3 6.0X1071 4. 39
343 1.7X107! 4. 40
4
’
(ep' = ve <2%; 1%

2. 35,t€1n3p:5>< 1074) .

1073<tand<<1 X 107! ,tand

20%~30%;

tand<<1Xx107°* ,
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