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Results of determination of dependence of moisture diffusion coefficient and thermogradient coefficient of
loams and Chasov Yar clay on moisture content at different dry densities are presented.

The experimental materials were four samples of loam from the Southern USSR (Askaniya Nova) taken at different
depths from 1.4 to 6.4 m and Chasov-Yar clay (Table 1).
Table 1

Particle Size Distribution of Samples

NN Particle distribution, %, by size, mm
Sample Sampling
depth, m| 0.25 |0.25-0.05|0.05—0.01 | 0.01—0.005 | 0.005—0.00! 0.001

Loam .

1 1.4—1.6 —_ 2.3 2.3 19.0 35.8 7.8

2 3.4—3.6 — 3.1 3.2 17.1 25.2 5.3

3 4.0—4.2 —_— 3.0 4.4 12.3 30.5 5.7

4 6.2—6.4 | —_ 12.0 2.9 15.6 27.0 12.2
Chasov
Yar — 0.10 2.6 6.5 7.9 9.1 73.8
clay

The differential water-retaining properties of the studied materials were determined by the drying thermogram
method 1], heat of wetting [2], the indicator method of A. V. Dumanskii [3], and the sorption isotherm method (Ta-
ble 2).

The moisture diffusion coefficient was determined by the convenient and simple method of steady-state moisture
flow under isothermal conditions [4] using a simplified formula [5].

In 5] an experimental improvement based on apparatus similar to that of N. N. Bab'eva [6] was proposed. We fol-
lowed up this proposal. The investigated (clays, soils, bentonites) and standard materials were placed in copper cylin-
ders, diameter 36 mm. The open ends of the cylinders were closed by threaded caps. After this the cylinder, length
140 mm, was weighed on an ADV-200 M balance.

Table 2
Moisture Contents of Materials Investigated. %
Maximum hy- Polymolecular adsorption Molecular adsorp-
groscopic mois- moisture content tion moisture con-
Sample ture content Trom ond ont tent from 3rd crit~
from adsorp- |41 point on From heat | From indi- |jca1 point of ther-
tion isotherms |thermogram of wetting | cator method mogram
Loam
1 11.8 5.6 4.7 3.6
2 1.1 5.2 4.6 — 3.2
3 12.1 5.5 4.7 — 3.4
4 11.6 5.1 4.5 — 3.2
Chasov
ar 16.6 7.7 6.62 71 | 33
clay

Repeated-experiments with different variations of the moisture contents of the materials studied and the standard
most favorable for increasing moisture transfer through the interface and substitution of a photoelectric balance revealed
that the proposed improvement is unsuitable, owing to the seriously underestimated sensitivity and reduced stability of
the balance.
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The given method is valid only for the short times (Fom, < 0.1), for which the moisture contents of the materials
remote from the interface remain constant and equal to the initial values. Therefore, during the experiment, it is im~
portant to verify that the moisture content at the ends of the contacting materials is constant. For this purpose, we used
an electrical method for measuring the moisture content (conductimetric and capacitive).,

The moisture diffusion coefficient was determined on the apparatus shown in Fig. 1, which consisted of aluminum
Or copper two-piece measuring cylinders, on the ends of which the moisture content detectors were mounted, a 465-ke
discriminator (for capacity measurements), a slide wire bridge (for measuring the resistance of the moist material), a
temperature~-controlled chamber (for regulating the temperature of the investigated and standard materials), and an au-
tomatic electronic potentiometer (for recording the discriminator output voltage).

The measuring cylinder (Fig. 2) consists of two equal parts of length 50 mm and inside diameter 36 mm. The two
parts are connected by a special threaded sleeve. The joint is recessed to take a rubber O-ring, which ensures a reliable
waterproof seal.
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Fig. 1. Diagram of apparatus for determination of moisture diffusion coefficient:

1) measuring cylinder with moisture content detector; 2) discriminator; 3) slide-

wire bridge; 4) temperature~controlled chamber; 5) automatic electronic potenti-
ometer.

The ends of the cylinders are hermetically sealed by threaded caps with rubber gaskets. To ensure positive contact
between the investigated and standard materials, a spring is included in the cap of the half-cylinder containing the stan-
dard (cellulose in the form of sheets of filter paper).

The electrodes of the moisture content detector were stainless-steel rings 12 mm high. The diameters of the outer
ring were 32/28 mm, and of the inner, 11/8 mm. The outer ring was firmly inserted into a solid cylindrical ebonite
receptacle, in the center of which a shaft was left to receive the inner ring. The assembled coaxial detector is mechan-
ically strong. Between it and the bottom of the cap, a rubber gasket is introduced. The detector electrodes are indepen-
dently led out to the measuring device through plug connectors on the side of the cap. The assembled detector, with
cap, is screwed into the measuring cylinder.

_ After being filled with the investigated and standard materials, each at a predetermined density and moisture con-
tent, the two halves of the cylinder were weighed on a type ADV-200 Mbalance. Theywere then quickly coupled to-
gether by means of the sleeve. The assembled cylinder was placed in the temperature-controlled chamber and the mois-
ture detector was connected to the measuring circuit. The constancy of the moisture content at the ends of the cylinder
was checked up to a moisture content of approximately 15% by measuring the capacity, above 15% by measuring the
resistance of the layer of moist material between the detector electrodes. The time during which these measured mois-
ture contents remained constant served as a criterion for the duration of the experiment. In all experiments the moisture
content of the standard material was in the range 1-3%.
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After this, the cylinder was taken apart and the mass of each half was again determined separately. At the same
time, a sample was taken for determination of the moisture content of the investigated and standard materials at the
interface. Use of split cylinders made it easier to determine the mass of moisture diffusing through unit area of the in-
terface, and is also more convenient from a practical standpoint.
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Fig. 2. Measuring cylinders A and B) copper or aluminum cylinders for

investigated and standard materials; 1) detector electrodes; 2) ebonite

receptacle; 3) plexiglass base; 4) rubber O-ring; 5) threaded cap; 6) flat
rubber gasket; 7) threaded sleeve; 8) spring; 9) plexiglass plate,

Experimental data on one of the loams and Chasov Yar clay, measured at 20° C, are given in Fig. 3.* (For the re-
maining loams the trend of the curves was similar.)

It is seen from the figure that at small moisture contents (corresponding approximately to the moisture content of
monomolecular adsorption), moisture transport takes place by diffusion in the vapor phase. In this case ayy, increases.
With increase in the moisture content of the material up to the maximum hygroscopic value the fraction of moisture
transported in liquid form increases. Liquid migrates not only under the influence of capillary forces through the complex
capillary system, but also by selective diffusion through the permeable walls of the soil particles. The rate of this dif-
fusion transport of liquid is significantly lower than the rate of molecular movement of liquid under the action of the
capillary potential. It is obvious that, in this case, the first form of transport is predominant, which also leads to a de-
crease in ¢y with increase in moisture content up to the maximum hygroscopic moisture content for loams, and the
moisture content of polymolecular adsorption for Chasov Yar clay.
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Fig. 3. Dependence of diffusion coefficient ay, (m%/sec) on
moisture content of material W (%): 1, 2) loam 1 (y, = 1200
and 1450 kg/m®?); 3) Chasov Yar clay (y, = 1140 kg/m®).

The constancy of a; in the region of moisture contents greater than the maximum hygroscopic value for loams
and polymolecular adsorption for Chasov Yar clay (which has been noted in a number of papers [8, 9, 10]) can obvious-
ly be explained in this case by the fact that moisture transport takes place only in the liquid phase through the capillary-

* In general form the curves amy = f(W) are similar to those for typical colloidal substances in [7].
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porous system of the solid. The constancy of ayy, in this moisture content region significantly simplifies the problem of
calculating the moisture flow and moisture field by analytic methods.

The coefficient ap, for the investigated loams and Chasov Yar clay changes little with variation of the density of
the dry material in the range up to 2000 kg/m®.

The dependence of the thermogradient coefficient & of the materials studied on their moisture content at different
densities of the dry material y, was determined by the steady-state method previously described in [11] (Fig. 4). This
method in various forms has been widely used for mass measurements [4, 7, 8, 12].
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Fig. 4. Dependence of thermogradient coefficient 8 (%/ deg)
on moisture content of material W (%): 1 and 2) loam 1 (yy =
= 1200 kg/m®; t = 45° C; 1 = 3° C and 1450; 3); 3) Chasov
Yar clay (yo = 1140 Kg/ms; th= 96°Cstg = 6°C).

It follows from analysis of the curves 6 = f(W) that the moisture of monomolecular adsorption i¢ nonthermoactive
(6 = 0). Up to these moisture contents heat transfer is realized by conduction. Subsequently, the thermogradient coeffi-
cients of the loams and Chasov Yar clay, typical colloidal capillary-porous materials, increases with increase in mois~
ture content, because of condensation at cold spots of vapor migrating by effusion, and movement of moisture in liquid
form in the direction of heat flow under the action of entrapped air. The maximum of the curves § = f(W) corresponds
roughly to the boundary of maximum hygroscopic moisture content. Subsequent increase in moisture content leads to
gradual obstruction of the water-bearing pores with moisture, including condensate. Diffusion of free water takes place
mainly by selective diffusion. The thermogradient coefficient for selective diffusion is very small and with further in-
crease in moisture content it decreases. Increase in the density of the dry material leads to a small decrease in the value
of the thermogradient coefficient. For transitions of this kind in the high-density region this decrease is smaller in mag-
nitude.

NOTATION

W —moisture content of material; ay,—moisture diffusion coefficient; §—thermogradient coefficient; yo—density
of dry material; t,,~—mean temperature of material; tp—temperature of hot end of material; tc—temperature of cold
end of material.
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