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The effect of salinity on the apparent dielectric constant
values of rock specimens
By S IRRaNcacmar:
Department of Physics, Indian School of Mines, Dhanbad. Bihar
(Received 20 November 1970—Revised 4 May 1971)

Dicloctrie constant values of two rock spocimens raturated with wquoous sodium chloride
solution at, various eoncentrations have boon measured at various frequencics in the rango
IMHz to 24 MHz and o significant riso m tho values has been noticed with the docroase

of [regueney und inerease of concenliation  An attempi has been mado to fit these

date mio an empirical welation and to explam the merease

[NTRODUOTION

Determination of the dielectric properties of natural-state rocks is besol with
many difficalties hoth in measurement and m mterprotation ol results  The rela-
tive permittivity data chtaned so far show a dispersion with chango of frequency
tar m excess of theoratical precictions due probably to the existence of dispersing
mechansms not yot understood  Among factors affectmg the dielectric properties
ol such rocks ray be mentioned composition. structure, porosity, water-contont,
sahimty, temperature and pressure  For an understandmg of their diclectric
hehaviout it is therefore nocessary to stndy the effects of these factors within
wide limits

The pore-fluids in rocks are known to contain dissolved salts and organic
matter  Measurements of the dielectric constant, loss tangent and the clectrical
conductivity of natural-state rocks at various frequencies, temperatures and levels
of wator content have been reported by many workers (Keller & Licastro 1950
Howell & Licastro 1961, Scott et af 1967 and Singh & Jha 1965) Al frequoncies
above about 10MHz, many mechanisms known {o operate at low frequencies are
rendered inoperative and the observed pormittivity values decrease drastically.
Only the large values at low and medium frequencies arve of interest in the presont
study  In tht prosent work the frequencies between 1T MHz and 24 MHz have been
choson with a view to avoid large errors in measarement at lower [requencies due
to polarization at the electrodes while retainmg the dispersive moechanisms
referred to above Motallic film electrodes and a Q-metlcr have been used m these
measurements to study the effeet of salinity on the diclectric constant of natural
tock specimons.

APPARATUS USED

A Q-meter, by Messrs. Advance Ltd of England, was usod for this purpose.
The sample Lolder was a completely coverod and varthod brass box with vne insu-
lated electrodo of 254 cm diametor  The two eloctrode surfaces to be in contact
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with the specimen were carefully polished plane and parallel to within 1/20 mm
and arranged one above the other as viewed through a microscope. To reduco
tho edge effects, the specimens were made of diameters less than that of the
insulated eloctrode by about twice the specimen thickness as recommended by
Von Hippel (1956) and the cdge of the insulated electrode was bevelled. The
connection between the Q-metor and the sample holder was effected through a
spocially prepared couxial line of low capacitance and loss, having a length of
about 30 cm

PREPARATION OF THE SAMPLE AND METHOD OF MLASUREMENT

Specimens were prepared from core-samplos of homogencous rock (very
fine-grained carbonaceous shale from Jharia near Dhanbad, India) with low poro-
sity  They were lathed down to the required diameter and flats were gliced on,
Lmving thiclmesses slightly largor than the required value, using a copper dise saw
imbedded with diamond bits. The flat faces were then polished to the requred
thickness and checked to be within 1/50 mm  Thin aluminium foil was used ax
the eloctrode matorial and pastod on the specimen in the manner recommended
(Von Hippel 1956) and held tightly in the sample holder. This system was
considered sufficient for the kind of mcasurement undertaken. At each chosen
froquency the standard capacitor of the Q-meter, wluch is capable of an accuracy
of 0.2 pI¥, war adjusted for resonance This procedure was followed withy and
without the specimen in position. The relative permittivity was caleulated as
the ratio of the capacity of the condenser, with the specimen forming the mediun,
to the capucily of the same systom with air as dieleetric. Loss tangent values
could not be measured as these were found somewhat larger than what might
be measured accurately with the apparatus, especially below 6 MHz. The
reliability of the instrument was first tested using discs of paraffin wax and
polythene and the values obtained agreed very closely with those quoted in
standard handbooks, which were well within the accuracy of 5 percent, claimed
for the measurements.

With any given specimen, three kinds of measurcments were mado with the
specimen (a) remaining completely dry, (b) saturated with pure distilled water
and (c) saturated with pure aqueous solution of sodium chloride at concontrations
of 2.5, 5.0, 75, and 10.0 porcent by weight.

After the specimen was washed with pure benzenc and dried, it was saturated
with distilled water and dried several times to remove any dissolved salts. Finally
the disc was dried thoroughly in a hot air oven Moeasurements were made on the
sample quickly after cooling it in anhydrous calcium chloride. Sidos of the disc
woro not covered as readings obtained were found materially to be tho same during
dry summer days with or without cover ~Next the specimen was saturated with
distilled water by forcing water into its pores with a vacuum pump. Immediately
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after placing the specimen in the holder, readings were obtained every 15 minutes
for one hour, and every one hour for 6 hours thereatter and the change in the rea-
dings, if any, was observed as the specimen dried. Tt was found that initially the
loss values were largo and changing, though tho capacity values remained almost
steady. After a period of one 1o two hours dopending on the atiospheric condi-
tions, both the loss and the capacitance valuos were found to romain steady for
several hours. The initial changes were attributed to the conductivity of tho liquid
adhering to the sides. The steady values were recorded. 1In the third stage, the
specimen was dried as aforesaid and then saturated with 2.5 percent aqueous
solution of sodium chloride in the same manner as with distilled water and data
obtained. Tho specimen was then left in distilled water for several days with fre-
quent rencwal of water to ensure that all the salt was removed. The removal was
assumed to be complote when the readings obtaiped agreed with those at the
second step doscribed above The same procedure was followed before using solu-
tions of other concontrations. All the data were obtained between temporature
limits of 30°C and 36°C. Lastly, readings were also obtained with the specimens
saturated with 10 percent aqueous solution of cane sugar for the reason given in
the discussion of results  The data are presented in the table and graphs.

Discussion

As may be found from the table and cwives, the dieleetric constant data show
three kinds of change. (a) At auny frequency, d.e.c increases with mercasing
coneentration and tends to a steady value.  (b) At any given concentration of the
salt m the pore fluid d ¢ ¢. docreases with increasing frequency and rapidly so
from 6 to 1 MHz, (c¢) In the vase of the specimen saturated with distilled water
and 2 5 percent solution, it is found that there is a slight fall and then a rise in
do.c. values as the frequency decrcases from 24 MHz. This change is barely
noticealle in the case of 5 percent and hardly so in 10 percent solution.

The change (a) closely resembles the change in electrical conductivity of aqueous
sodium chloride solution as its concentration increases and is as to be expected
The change (b) is also known to take placo but the significance in this case 1s that
it 1s more than if the pore fluid were distilled water. Though the permittivity
values may be increased by the prosence of ions in a solid, this increaso is expec-
ted to appear only at much higher frequencies. Interfacial effects are stated to
contribute to the large d.e c. values at the frequencies of observation (Smyth
1956). Thus the presence of ions at intorfaces in rock specimens scoms to
acventuate the effect very considerably. This soems to be particularly noticeable
below 3 MHz whereas, above 6 MHz thero is only a nominal increase. That the
iony do play an important part becomes apparont if one compares the permit-
tivity values of the specimens with those obtained when thoy are saturated
with solutions in water containing non-ionizing solutes, e.g., sugar. Data for g
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specimen saturated with 10 peveent aueous solution of cane sugar have heen
ohtained and presented in {he table 1t may he seen that these values differ
insignificantly [rom those lor distilled water.
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~ Figure 2. Curves are similarly indicated as in figure 1
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Figure 3. Curves are indicated as in figure 1

Nu comprehensive theory for the dielectric behaviour of moist rocks scems
to be available wherefrom one can calculate even approximately the d e.c. and
other properties if the physical conditions of the rock specimen are known. How-
over, Scott et «l (1967) have given empirical relations for rough calculations ol
these values. Briefly. they have takon a very large number of specimens and
obtained data with varying water-contents and frequencies. The graphical
presentation of the data has to be a log-log plot, a trial relation with unknown
constants is chosen, the data are fed into a computer to obtain a good fit and the
constants arc obtained from the computer. This has been done for a first and
a second order fit. Tn this work undor report, the coefficients of the first order
equation have been suitably changed and a term has been added to take salinity
mto account. through =, the normality of the solution. The effort appears to
have been successful to the extent that the relation gives the trend of the changes
The values calculated from the empirical relation given below aro also presented
in the tahle and graphs.

The empirical relation used is,

2.1

log k = 0.76+4.7 log (14+w)--0.35 log f+ Tozf

(1—1/exp n).

where, k is the dielectric constant of the specimen, w, the water content by
volume, f the frequency and » is the normality of the solution used.
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The dispersion due to ions at the interfaces seems to vanish at frequencies
above 9 MHz or s0, and other complicating effects arc also in ovidonce at the
higher frequencies. Tho empirical relation assumos dispersion at all frequencies
and so the curves representing the calculated values are spread out even at 24
MHz. Below about 6 MHz, the crpirical relation gives nearly the same trend as
curves depicting the observed values. However, it is recognised that more data
with more specimens at lower frequencies are needed to make the cquation more
meaningful. Such measurements arc in progress and will be roported shortly.

CoNCLUSI0N

The salinity of the pore fluid in natural-state rocks doos have a pronounced
cffect on the d.o.c. values, especially below a cortam frequency which may depend
on the specimen. The vory large values of the observed d.c ¢. are likely to be
due to the presence of ions in the intertaces  Any theory on the dielectric pro-
perties of natural-stute rocks may not be completo without including the offect
of salinity of the pore fluids expliertly or implicitly.
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