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In the course of investigations on the development of a rapid non-destructive electrical method for the
estimation of oil content of a single cottonseed, the dielectric constant of cottonseed cake was found to rise about 50-fold
when the dry cake absorbed water up to its saturation value 12-16%. The present communication deals with a detailed
investigation of the nature of this variation of the dielectric constant and also the specific conductance of variously formed
discs of cottonseed cake, using. several different relative humidities.

The measured values of both the dielectric constant K and the specific conductance y under various humid
conditions are found to increase exponentially with the percentage water constant W of the cake and can be represented
by the following equations K = 4 exp (26 x w/100), y = 0.2 expo '(56 x wflOO). Further work is in hand
for the elncidation of this type of variation, particularly with reference to other hydrated solids.

In the course of earlier investigations I,2 relating
to the development of a rapid non-destructive
electrical method for estimation of the oil content
of a single cottonseed, it was found that the di-
electric constant 'K' of a typical cottonseed cake
rises about fifty-fold from nearly 3 to about 140

as the dry cake takes up water up to its saturation
value of 12-16%. Figure 1 shows the observed
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Fig. 1.-Previously noted variation of 11K, the reciprocal of
the dielectric constant of cottonseed cake. against (a) relative
humidity of the atmosphere, and (b) percent water absorbed
by the cake.

variation of I/K plotted against the relative
humidity and the percentage water content, and
it was considered of interest to follow up this
finding with a somewhat fuller investigation of the
nature of the variation of both specific conductance
and dielectric constant in humidified cottonseed
cakes, which may be looked upon as a simple
protein-water system.

I. Experimental Procedure

f

For this work, two types of samples were pre-
pared in the shape of 6 cm. diameter discs with a
thickness of 5 to 7 mm. Firstly, the sample used
in the previous experiments, which was made
from commercially available cottonseed cake after
washing with petrol, and sieving to free it from
bits of the hulls. The clean cake had then been
compacted in a die at IOO°C. under light pressure
in a laboratory hydraulic press. The disc of cake
obtained was found to have a density of o. go g./
ml. The second sample disc was prepared from
dehulled kernels of the M 4 variety of cottonseed
after Soxhlet extraction of the oil. This method
yielded a more compact disc, of density about
1 .1 g./ml. For the dielectric constant and con-
ductance measurements, these discs were placed
between the two plates (2.5 ern. square) of the
parallel-plate condenser used in the previous
investigations, and connected by short stiff copper
leads to the measuring terminals of the Marconi
universal bridge. The plates of the condenser
were adjusted to just touch the two faces of the
sample disc, the criterion being that the disc
should stay in place without external support but
be capable of being withdrawn by a light touch.

The capacity 'C' of the condenser was measured
on the bridge at 1,000 cycles per second, both with
and without the sample disc, and the dielectric
constant could be calculated from the ratio 01
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these two values. The values of the phase angle
8 were also measured with the bridge, and from
these the conductance of the sample could be
calculated by means of the formula.

w C tan s = IjR

where 1jR = the conductance and w = 2ltf,
f being the frequency, in this case 1000 cycles per
second.

.A simple but significant correction is required
for the stray capacity due to the leads and strips
making connection with the actual condenser
plates. This stray capacity, 11, is to be sub-
tracted from all the above values read on the
bridge, and was determined experimentally by
measuring the capacity of the (air) condenser for
several values of the distance 'd' between the
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Fig. 2.-Graph for capacitance ..,fmcasuring condenser against
lit, extrapo lntcd to yield a measure of the stray capacitance, 11.
The short vcrtical and horizontal lincs rhrough thc points
represent the o bscrv.irional errors,

plates. If the area of the plates is 'A' , then the
measured value Clir will be

(I)

A
C .•ir = 4 It d + 11

So that the graph for C Iir against 1jd should be
a straight line extrapolating to the value 11 for
1jd = o. Such a graph is shown in Fig. 2 and
yields the figure of 0.41'-1'- F for 11, which is to be
compared with an estimate of 0.3, calculated from
the configurations of the leads, etc. (cf also the
measured capacity of about 2I'-I'-Ffor the condenser
when d = 0.5 cm., i.e. 5 mm.)

2. Results

Starting with the sample discs at atmospheric
humidty (80%) the capacitance and conductance
were measured as described above, and the dielec-
tric constant K and specific conductance y cal-
culated. Each sample was then put through a
complete hydration-dehydration cycle by placing
it in various constant humidity chambers, and the
electrical constants were measured after 20 to 30
hours when equilibrium had been very nearly
attained with the atmosphere of the appropriate
chamber. Each measurement was repeated two
or three times. The weight of absorbed water
was obtained by weighing the samples at each
stage and subtracting the weight of the completely
dried sample disc; the % water was calculated on
the basis of the total weight.

The results for the two samples are shown in
Tables I and 2, together with the experimentally
estimated standard deivations. Since the total
variation in K and y is several hundred-fold, the
iast two rows of each table give the calculated

TABLE I.-MEASURED ELECTRICAL CONSTANTS OF SAMPLE No. I AT DIFFERENT WATER CONTENTS.

2 3 4 5 6 7 fl

Relative 80 100 30 0 85 g5 0
humidity (%)

Weight of 1.21 2.73 0.32 000 0.7t) 0.7K 0.19 0.06
water (g)

% ofwJtcr= w 7.7 15.8 2.2 00 5.0 5.1 1.3 0.4

K 19±2 125 ± 10 4.3±0.2 3.4±0.0 24±2 28.5~2 3.5±0.2 2.8±01

y(ml'- Mho/cm.) 10.5:±:1 1050±100 0.8:-1:01 0.2±0.1 1.J.2±1 17.0± 1 05±0.1 O.~±O.O.J

In K 2.9~±0.1 4.B3±0.1 1.45±0.OS 1.22±0.C6 3.1c±COl 3.35±0.07 1.25±0.O6 1.03±0.O4

III y 2.35 6.97 1.78 2.39 2.65 :UlJ 1.2:2 L!.30



INFLUENCE OF HUMIDITY AND WATER CONTENT ON ELECTRICAL PROPERTIES OF COTTONSEED CAKE 31

values of the Napierian logarithms of the dielec-
tric constant 'K' and the conductance y.

Firstly, it is seen that the large change in K is
accompanied by an equally large change in the
conductance. The changes in the electrical quanti-
ties are similar for the two samples and are on
the whole reversible when the samples are taken
through a complete hydration-dehydration cycle.
This is clearly brought out by the graphs of Fig. 3,
in which the logarithms of K and yare plotted
against weight % absorbed water, the triangles
and circles corresponding to the two specimens
of Tables I and 2, respectively, while the subs-
cript numbers correspond to the column nos. in
these tables. It is seen that, with rising or fall-
ing water-content, there is no definite bias for
the plotted points to lie on anyone side of the
mean graph, and therefore no indication of
irreversible changes.

3. Discussion

Taking into account the tabulated standard
deviations of In K and In y, which are indicated
by the short vertical lines in Fig. 3, the straight
lines shown can be drawn and the following equa-
tions derived to fit the experimental data:-

In K = 1.18 + 26 X W/100

i.e. K = 4 expo (26 X~)
100

and In y = -1.8 + 56 X W/100

i.e. y = 0.2 expo (56 X _ w_)
100
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Fig. 3.-Semi-logarithmic plots of (a) the dielectric constant.
K. and (b) the specific coductance, y. of the two samples of
cottonseed cake. carried through about one and a half hydration-
dehydration cycle. The triangles are for the sample of Table
1. and the circles for the sample of Table 2; the short
vertic il lines through the plotted points indicate the estimated
standard deviations. while the subscripts to them correspond
to the numbers heading the columns in Tables 1 and 2.

TABLE 2.-MEASURED ELECTRICAL CONSTANTS OF SAMPLE NO.2 AT DIFFERENT WATER CONTENTS.

2 3 4 5 6 7 8

Relative 80 0 85 100 85 85 0
humidity (%)

Weight of 1.01 0.00 1.24 1.69 1.20 1.03 0.44 0.19
water (g)

0/0 of water= w 7.8 0.0 9.5 12.5 9.1 8.0 3.6 1.6

K 2+±2 3.7±n.2 23d:2 130±15 33±4 28±3 96±0.5 4.2±0.2

y (111 iJ. Mho/cm.) 10.1 ± 1 0.1 14.0 ±1 198±15 15±1 13.7±1 2.0±002 0.5±0.1

InK 318±0.08 l.31d:0.06 3.14±0.O8 4.87±0.12 3.50±O.12 3.33±0.10 226±0.O5 144±0.C5

In y 2.30 DO 2.64 5.29 2.71 2.62 0.69 1.37
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These equations show that both the conduc-
tivity and the dielectric constant vary exponen-
tially with the percentage water content w of the
cake, and further that the conductivity varies
nearly as the square of the dielectric constant,
because the coefficient of w in equation (4) is
nearly twice that in equation (3). This latter
point is further confirmed by the plot of Fig. 4
for In y against In K, whose slope is 2.02 ± 0.15.

A noteworthy feature of Fig. 4 is that the scatter
of the experimental points about the straight line
is considerably less than for Fig. 3, in which there
is probably a component of error due to lack of
complete equilibrium of the absorbed water. This
is supported by Fig. 5, showing the data of Tables
I and 2 plotted as 11K against relative humidity.

Since both the samples used in the foregoing
experiments were subjected to treatment with
petrol and heating to over lOO "C. under the
applied pressure, the presence of living cells in the
pressed cake can be discounted, and therefore the
very large variations in K and yare to be inter-
preted in terms of the elctrolytic action of the
absorbed water. The effect can be expected to
increase non-linearly with the quantity of the
water because the degree of dissociation and ioni-
zation of the proteinous molecules will also in-
crease rapidly from zero as the water is added.
While the full mechanism of this is yet to be
worked out, considerable support for these ideas
is obtained form the fact that an approximately
exponential dependence of conductivity on per-
centage water is observed in the case of very highly
concentrated aqueous solutions of salts at concen-
trations of 15 to 20 equivalent weights per litre
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Fig. 4.-Plot showing the line.ir relationship between ln yand
I n K, the slope b~i:1g ilrno st exictly 2; th z circles a nd triangles
correspond as before to the two samples.

of solution. 3 Figure 6 depicts this data! for
zinc chloride on a semi-logarithmic graph, and
the tendency of the graphs for specific conduc-
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Fig. 5.-Plot of 11K against percent relative humidity, based
on the present data. Except for the scatter of the points, the
graph is in good agreement with that of Fig. 1 (a).
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Fig. 6.-Standard dat i Oil conductance of concentrated solutions
of zinc chloride, plotted semi-Iog.ir ithmically for comparison
with the results obtained with cottonseed cake in the present
plper (bottom of figure). The possibility of a general conncc-
tio n between the two is strongly suggested by the graphs.
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tance y as well as equivalent conductance ), towards
inclined straight lines at water contents of less
than 35% is clearly marked. Moreover, the slopes
estimated at 15% water content are of the same
order of magnitude as in the case of the graph
of Fig. 3 for cottonseed cake.

These results indicate the desirability of a
thorough investigation of the influence of small
percentages of water on the electrical properties of
various solid compounds before a full interpre-
tation of the electrical conduction mechanism is
put forward.
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