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Abstract Intracrystalline water adsorption of Ca-montmorillonite was calculated as the product of one- 
half the interlayer spacing from X-ray powder diffraction analysis and the difference between the desorption 
surface area determined with ethylene glycol-monoethyl ether and BET surface area determined by N2 
adsorption. Osmotic adsorption was calculated as the product of the N2 surface area and theoretical double 
layer thickness. Measured water adsorption of P2Os-dry clay, compacted to initial densities (3'o) from 0.52 
to 1.59 g/cm 3 and submerged in 0.01 N CaCl2 was 2.4 to 4.2 times greater than intracrystalline plus osmotic 
adsorption due to the occurrence of pores exceeding double layer dimensions. The increase in expansion 
caused by reducing electrolyte concentration to 0.001 N was equal to the predicted increase in double layer 
volume, verifying the existence of an osmotic component to swelling. 

Measured expansion following submersion in 0.01 N CaC12 increased continuously with 3'o from 0.53 
cm3/g at 3"0 = 0.52 g/cm 3 to 1.17 cma/g at 3'0 = 1.59 g/cm ~, while estimated osmotic plus intracrystalline 
expansion was constant at 0.30 cmVg. This discrepancy is attributed to swelling caused by gas pressures 
developing ahead of advancing wetting fronts. The effect of compaction on expansion is explained by 
reductions in pore size, as measured by N2 desorption, which accompany compaction. Reduced pore size 
should increase entrapped air pressures, whereas gradual wetting should favor their dissipation. Accord- 
ingly, slow wetting reduced the expansion of a sample where Y0 = 1.06 g/cm 3 from 0.77 to 0.37 cm3/g. 
Swelling due to entrapped air pressures produced a large increase in the number of pores > 104 A. in di- 
ameter, as determined by Hg intrusion porosimetry. 
Key Words---Compaction, Double layer theory, Montmorillonite, Pore-size distribution, Swelling, Water 
adsorption. 

INTRODUCTION 

Water adsorption by clay minerals has been de- 
scribed in terms of an initial crystalline phase and a later 
osmotic phase (Norrish, 1972). The former concerns 
the adsorption of the first few "layers" of water on 
mineral surfaces driven by surface and cation hydration 
energies (Sposito and Babcock, 1966; Kittrick, 1969). 
Further adsorption has been termed osmotic since it 
has been considered to be due to chemical potential 
gradients between free and adsorbed water (Verwey 
and Overbeek, 1946; Bolt and Peech, 1953; Norrish, 
1972). 

A quantitative treatment of osmotic swelling was first 
made by Schofield (1946) based on the Gouy-Chapman 
double layer theory. While this theory has limitations 
due to a number of simplifying assumptions (Bolt and 
Peech, 1953; Bolt, 1955; Low, 1959; Rosenquist, 1962), 
predicted osmotic pressures have corresponded fairly 
well with swelling pressures developed by Na-mont- 
morillonite, at least below 50 atm and following an ini- 
tial compression (Bolt and Miller, 1955; Warkentin et 
al.,  1957; Norrish and Rausell-Colom, 1963; Barclay 
and Ottewill, 1970; Walker, 1975). 

Measured swelling pressures of Ca-montmorillonite, 
however, fall well below values predicted in a similar 
manner (Warkentin et al.,  1957). Clearly, attractive 
forces of a much greater magnitude exist between 
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montmorillonite platelets saturated with Ca than with 
Na. X-ray powder diffraction studies suggest that Ca- 
montmorillonite exhibits an energy minimum deep 
enough to restrict expansion beyond an interlayer spac- 
ing of - 1 0 / ~  following initial platelet collapse (Keren 
and Sbainberg, 1975). The resulting structures, com- 
posed of oriented platelets which undergo limited in- 
terlayer expansion, have been variously described as 
packets, domains, turbostratic groups, tactoids, and 
quasicrystals (Aylmore and Quirk, 1960; Blackmore 
and Miller, 1961; O'Conner  and Kemper, 1969). By hy- 
pothesizing the existence of quasicrystals composed of 
neatly stacked platelets which develop diffuse double 
layers on exterior surfaces only, Blackmore and Miller 
(1961) achieved more reasonable agreement between 
measured swelling pressures of Ca-montmoritionite 
and pressures calculated from double layer theory. 

In systems exhibiting quasicrystalline structure, two 
components of swelling may be distinguished. One is 
due to adsorption on intracrystalline surfaces and is re- 
stricted to a few water " layers" by cation-surface and 
surface-surface interactions. The second is due to dif- 
fuse double layer development on external surfaces 
which are unconstrained by planar surface interactions. 
The amount of intracrystalline swelling will depend 
upon surface charge characteristics, exchange complex 
composition, and water vapor pressure (Kittrick, 1969; 
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Keren and Shainberg, 1975), as well as on intracrys- 
talline surface area. The amount of external, osmotic 
adsorption will be governed by surface charge char- 
acteristics, exchange complex and bulk solution com- 
position, and external surface area. 

There is considerable disagreement in the literature 
regarding the relative contributions of osmotic and in- 
tracrystalline water adsorption to total adsorption and 
swelling in soils. Van Olphen (1975) suggested that over 
the normal moisture range the osmotic component is 
the predominant cause of soil swelling. In a statistical 
study, Greene-Kelly (1974) concluded that intracrys- 
talline shrinkage accounted for only a fraction of  the 
total shrinkage from pF 6 to 4. Contrary to this, Ayl- 
more and Quirk (1962) postulated that diffuse double 
layer formation is of little significance in systems with 
divalent exchangeable cations, and Quirk (1978) sug- 
gested that swelling in such systems is largely a capil- 
lary phenomenon. Schafer and Singer (1976) reported 
fair success with a model which assumes that all soil 
swelling results from intracrystalline adsorption. 

Blackmore and Miller (1961) demonstrated that pre- 
compression of Ca-montmorillonite pastes increased 
intracrystalline surface area at the expense of external 
surface area. I t  has also been shown that potential 
swelling increases with increasing initial density (Holtz 
and Gibbs, 1959). Whether the effect of compaction on 
swelling is related to changes in osmotic and intracrys- 
talline water adsorption or to other mechanisms is not 
clear. 

The purpose of this paper is to elucidate the mech- 
anisms of  water adsorption and swelling and to evaluate 
the effects of compaction on their relative contributions 
to total water adsorption and expansion of Ca-mont- 
morillonite. 

METHODS AND MATERIALS 

Theoretical 
Osmotic and intracrystalline water adsorption by 

compacted Ca-montmorillonite was calculated by as- 
suming the existence of discrete quasicrystals which 
develop fully extended, diffuse double layers on exter- 
nal surfaces, but exhibit limited intracrystalline expan- 
sion. From geometrical considerations,  intracrystalline 
adsorption by such a system will be given by the prod- 
uct of internal surface area and one-half the interlayer 
separation. Osmotic adsorption will equal the product  
of external surface area and double layer thickness. 

The low temperature BET surface area determined 
by N2 adsorption was taken as a measure of external 
surface area (Van Olphen, 1975). Internal surface area 
was taken as the difference between the total surface 
area measured by ethylene glycol-monoethyl ether 
(EGME) and the N~ surface area. Interlayer spacing 
was computed as the difference between c-axis spacing 
from X-ray powder diffraction analysis (XRD) and the 

solid crystal thickness taken as 9.6 ,~. Double layer 
thickness (D) was calculated as: 

D = 8 + I/K (1) 

where 8 is the Stern layer thickness taken to be 5 A 
(approximately two water layers) and lhr is the Gouy 
layer thickness.  In the general case: 

1/K = (EKT/e ~ ~ nizi~) 1/'~ 
l (2) 

where e is the permittivity of the medium, k is Boltz- 
mann's  constant, T is the absolute temperature,  e is 
the electronic charge, and n~ and z~ are the concen- 
tration in ions/cm a and charge, respectively, of ions 
in bulk solution. Permittivity is the product of rela- 
tive permittivity taken as 80 and the permittivity of 
a vacuum. 

Experimental 
Wyoming montmorillonite (The Clay Minerals So- 

ciety Source Clay Repository SWy-1)  was Ca-saturat- 
ed by washing three times with 1 N CaCI._, followed each 
time by centrifugation and decantation. Excess salts 
were removed with distilled water washes followed by 
1:1 water-methanol and acetone washes until a negative 
AgNO:~ test was obtained. The 80~ clay was 
gently ground with mortar and pestle and stored in a 
desiccator over P205. 

A total surface area of 810 m2/g was determined by 
desorption of EGME over a CaCI._,-EGME slurry (Car- 
ter et al., 1965), assuming that 2.86 • 10 4 g EGME 
covers 1 m 2 of surface. A c-axis spacing of 13.3 ~ was 
found for P. ,Q.dry,  Ca-saturated clay by XRD of an 
oriented sample in a closed goniometer chamber con- 
taining PeOs. The c-spacing in a 100% relative humidity 
chamber was 19.4 ~l. The specific gravity of 105~ 
clay was found to be 2.70 g/cm 3 by water displacement. 

Cores measuring 36 mm in diameter and 10 mm in 
height were prepared by static compaction of P~O.~-dry 
Ca-montrnorillonite in 38 mm high stainless steel rings 
by means of a hydraulic press. The bottom of each ring 
was secured to a 6-ram thick porous stone. Quantities 
of clay in each ring were adjusted to yield cores with 
densities from 0.52 to 1.59 g/cmL Densities were ex- 
pressed on a 105~ basis by correcting for the mois- 
ture content of P2Q-dry clay which was found to be 
0.08 g/g. A 0.5-1.0-g subsample from each core was 
carefully chipped loose so as to minimize disturbance 
of the clay structure and saved for N2 gas adsorption 
measurements.  The holes in the cores were refilled with 
the same quantity of  clay that was removed. Porous 
stones of 35-ram diameter were placed inside each ring 
on top of the core, and initial height readings were made 
to the nearest 0.001 inch with a tripod-mounted strain 
gauge. 

Cores having initial densities of 0.52, 0.75, 1.06, 1.37, 
and 1.59 g/cm'* were submerged in 0.01 N CaCI2. A sec- 
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Figure 1. Effects of compaction on Nz desorption pore-size 
distributions of Ca-montmorillonite prior to wetting. Intial 
densities in g/cm 3 given in parentheses above each curve. 

ond core of density 1.06 g/cm 3 was submerged in 0.001 
N CaCI._, and a third in 0.01 N Ca(H._,PO4)2. A fourth core 
was allowed to equilibrate with water vapor in a des- 
iccator containing distilled water. Weight and height 
readings were recorded until they stabilized in 5 weeks, 
after which 0.01 N CaCI=, was added to the sample a few 
drops each day for several weeks until free solution was 
evident on the top porous stone. 

At the completion of each test, height readings of 
each sample were taken from which final volumes were 
calculated. Specific volume change was calculated as 
the change in volume per unit mass of sample. Total 
water adsorption was assumed to be equal to the final 
void volume, computed as the difference between total 
final volume and the calculated volume of solids. Por- 
tions of  each core were freeze-dried following immer- 
sion in liquid N~ and saved for surface area and pore- 
size distribution analyses. 

Nitrogen gas adsorption measurements were per- 
formed with a Micromeritics Model 2100-D gas adsorp- 
tion apparatus. Samples were degassed overnight at 
200~ to a pressure of <2 ~m Hg. Isotherms were de- 
termined at liquid N., temperatures which were mea- 
sured to the nearest  0.01~ Surface areas were calcu- 
lated by applying the BET equation to adsorption data 
in the range 0.05 to 0.30 P/Po assuming a surface area 
fo rN2 of 16.2 A 2 per molecule. Complete adsorption 
and desorption isotherms were determined for samples 
taken from cores prior to wetting. The distribution of 
pores in the range 10-1000 A were calculated from N, 
desorption data by employing the Kelvin equation and 
assuming a pore geometry consisting of  parallel slits 
(Aylmore, 1974). The contact angle between Nz and the 
clay surface was assumed to be zero. Plate separation 
distances used in the Kelvin equation were corrected 
for film thickness not attributable to capillary conden- 
sation using a Halsey-type expression: 

t = 3.54(-2.58/ln p/po) ~ (3) 

where t is film thickness and p/p,) is the relative pres- 
sure. Eq. (3) was derived from data compiled by Ad- 
amson (1976) for Ne adsorption by various nonporous 
solids. 

Pore size distributions were also determined for sev- 
eral samples by Hg intrusion through the courtesy of 

, Quantachrome Corporation. Pore size was calculated 
from the Young-Laplace equation: 

d = P/2~/H~ cos 0 (4) 

where d is the plate separation, P is the pressure,  YHg 
is the surface tension of Hg, and 0 is the contact  angle 
between Hg and clay which was assumed to be 140 ~ 

RESULTS AND DISCUSSION 

Effects of initial density 
Pore-size distributions by Ne desorption of Ca-mont- 

morillonite samples prior to wetting are shown in Fig- 
ure 1. A gradual increase in the fraction of pores < 103 
/~ is evident as density increases from 0.52 to 1.37 g/ 
cm 3 followed by a dramatic increase for the highest den- 
sity sample. Mercury intrusion analyses on the 0.52- 
and 1.06-g/cm '~ samples agreed with N2 data within a 
few percent for the volume of pores < 103/k in diameter 
and indicated that the volume of pores < 104 ]~ in di- 
ameter was 79 and 98%, respectively. 

Dry static compaction had little effect on Nz BET 
surface areas. Initial samples of density 0.52-1.37 g/cm '~ 
had N2 surface areas of 21-23 mVg. The ratio of total 
surface area to N., surface area suggests a statistical 
quasicrystalline thickness of 35-39 platelets. Compac- 
tion to 1.59 g/cm 3 increased the N, surface area to 28 
mVg indicating a disruption of structural units due per- 
haps to intracrystaUine shear. Pressures generated dur- 
ing wetting apparently reversed this process,  since final 
N._, surface areas for all treatments were 20-22 m2/g. 
Final N_, surface areas were used to calculate osmotic 
and intracrystalline adsorption. 

The measured variations in Ne surface area resulted 
in only small differences in predicted osmotic plus in- 
tracrystalline adsorption in 0.01 N CaCle as a function 
of initial density. However ,  as seen in Figure 2, mea- 
sured water adsorption varied greatly with initial den- 
sity. The difference between measured and predicted 
adsorption represents the volume of water present ex- 
ternal to non-overlapping double layers. The decrease 
in this "occluded water"  as density increased from 0.52 
to 1.37 g/cm 3 is readily explained by the observed re- 
duction in the initial volume of pores which exceed dou- 
ble layer dimensions (Figure 1). The increase in "oc-  
cluded water"  for the highest density sample, however, 
indicates that additional factors must be considered. 
Evidently, expansion beyond double layer dimensions 
can take place. 

What could cause this enhanced expansion? On im- 
mersion, a wetting front will move inward drawn by 
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Effects of compaction on water adsorption of P205- 
dry cores. (El) measured total adsorption after submersion in 
0.01 N CaCI2; (11) measured total adsorption after submersion 
in 0.001 N CaCl.z; (0) predicted osmotic adsorption in 0.01 N 
CaCI~; (e) predicted osmotic adsorption in 0.001 N CaCh; 
(A) predicted intracrystalline adsorption. 

capillarity. If air diffusion is limited, gas pressures will 
develop which may induce expansion. The magnitude 
of these entrapped air pressures should vary inversely 
with pore size in accordance with the Laplace equation: 

P = 2yw/d (5) 

where P is the pressure,  yw is the surface tension of 
water, and d is the plate separation. The observed re- 
duction in pore size during compaction will then have 
two opposing effects: (1) a reduction in the initial pore 
volume exceeding double layer dimensions, and (2) an 
increase in entrapped air pressures.  It is significant that 
the increase in "occluded water"  for the highest den- 
sity sample (Figure 2) is associated with the most pro- 
nounced reduction in pore size (Figure 1). 

As a first approximation, the change in intracrystal- 
line volume can be equated with the contribution of in- 
tracrystalline swelling to total expansion; osmotic ad- 
sorption is assumed to be equal to the contribution of  
osmotic swelling. Intracrystall ine and osmotic swell- 
ing, thus estimated, are shown in Figure 3 along with 
measured specific volume changes after submersion in 
0.01 N CaCI.,. Estimated osmotic and intracrystalline 
expansion remained virtually constant, yet measured 
expansion increased continuously with increasing ini- 
tial density. These increases in expansion closely fol- 
low the observed reductions in pore size (Figure 1) re- 
f lecting the inc rease  in e n t r a p p e d  air  p r e s su re s  
predicted by Eq. (5). The greatest increase in expansion 
occurred between 1.37 and 1.59 g/cm 3 density, corre- 
sponding again to the most marked reduction in initial 
pore size. Roughly 50 to 75% of the total expansion fol- 
lowing submersion in 0.01 N CaCI., is attributable to 
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Effects of compaction on expansion of P~Os-dry 
cores. (El) measured total expansion after submersion in 0.01 
N CaC12; (E) measured total expansion following slow wetting 
with 0.01 N CaCI2 preceded by vapor wetting; (�9 estimated 
osmotic swelling in 0.0l N CaCI~; (~) estimated intracrystal- 
line swelling. 

swelling caused by entrapped air pressures depending 
on initial density. Of the remainder, about 75% is es- 
timated to be due to intracrystalline swelling and about 
25% to osmotic swelling (Figure 3). 

Effects o f  electrolyte 
Reducing the concentration of CaCI=, from 0.01 to 

0.001 N should increase osmotic adsorption by 0.11 
cm3/g as double layer thickness increases from - 3 0  to 
83 A, but it should have no effect on intracrystalline 
adsorption. Measured total adsorption was found to be 
1.34 and 1.45 cm3/g for submersion of  1.06-g/cm 3 initial 
density samples in 0.01 and 0.001 N CaCI=,, respective- 
ly. Their respective specific volume changes were 0.77 
and 0.88 cm3/g. These increases in water adsorption and 
expansion caused by reducing electrolyte concentra- 
tion are equal to the predicted increase in osmotic ad- 
sorption. The existence of an osmotic component to 
water adsorption and swelling appears to be confirmed. 

Double layer theory does not predict a difference in 
H20 adsorption for surfaces in contact with CaCl., or 
Ca(H.,PO4)., solutions of the same concentration. Mea- 
sured specific expansion and adsorption, however,  in- 
creased by 0.15 cma/g when 1.06-g/cm 3 initial density 
samples were submerged in 0.01 N Ca(H.,PO4)., rather 
than in 0.01 N CaCl2. Specific adsorption of phosphate 
on mineral edges would be expected to reduce edge-to- 
face interact ions.  The importance of edge-to-face 
bonds in limiting expansion has been noted by other 
authors (Norrish and Rausell-Colom, 1963; Rowell, 
1965). 
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Table 1. Pore size distributions of 1.06 g/cm 3 initial density 
samples by Hg intrusion before wetting and after slow and 
fast wetting. 

Pore volumes in cm3/g for various pore sizes 

Sample 20-100 102-103 103-104 >10  ~ 
treatment J~ /~ A 

Before wetting 0.03 0.09 0.35 0.01 
After slow wetting 0.03 0.03 0.63 0.09 
After fast wetting 0.06 0.02 0.21 1.18 

Ef f ec t s  o f  rate  o f  we t t ing  

Vapor HeO adsorption by the 1.06-g/cm 3 initial den- 
sity sample plateaued at a water content of 0.30 g/g and 
a specific volume change of 0.17 cm3/g. Following grad- 
ual wetting with 0.01 N CaCI2, water adsorption in- 
creased to 0.90 cm:~/g resulting in an additional 0.20 cm3/ 
g expansion. Total expansion was thus reduced from 
0.77 cm3/g for immediate submersion in 0.01 N CaC1._, 
to 0.33 cm3/g for the slow wetting procedure. The es- 
timated intracrystalline plus osmotic swelling was 0.30 
cm'Vg. This leaves only an expansion of 0.03 cm3/g un- 
accounted for during slow wetting as opposed to 0.47 
cm3/g during rapid wetting. 

The close agreement between estimated and mea- 
sured swelling for slow wetting may be fortuitous to 
some extent, but the dramatic effect of rate of wetting 
further confirms the importance of swelling caused by 
entrapped air. During wetting from the vapor state, no 
capillary pressures will develop in response to the ad- 
vance of a wetting front, because no true wetting front 
exists. The gradual addition of liquid water or dilute 
electrolyte favors the dissipation of entrapped air be- 
cause of the localized nature of the wetting front. Thus, 
swelling due to entrapped air is greatly reduced during 
slow wetting. This interpretation is supported by re- 
sults of Emerson (1964) who reported that sample evac- 
uation prior to submersion also reduced swelling. 

The foregoing scenario is supported by the changes 
in pore size distribution observed following slow and 
fast wetting given in Table 1. Slow wetting produced a 
0.28-cm3/g increase in the volume of pores 103-l(P A in 
diameter and a 0.08-cm3/g increase in pores > 104 A in 
diameter, while rapid wetting resulted in a 0.14-cm3/g 
decrease in pores 103-104 ,~ in diameter and a 1.17 cm3/ 
g increase in pores >104 .A, in diameter. This pro- 
nounced expansion of 103-104-,~ pores during rapid 
wetting cannot be accounted for by the extension of 
double layers which are less than 100 A in thickness. 

SUMMARY AND CONCLUSIONS 

Dry static compaction had little effect on predicted 
osmotic or intracrystalline water adsorption. In 0.01 N 
CaCI~, estimated intracrystalline expansion was about 
4 times greater than estimated osmotic expansion, but 

in 0.001 N CaCI~ it was about 1.5 times greater. The 
existence of an osmotic component to swelling was 
confirmed by determining that the measured increase 
in swelling caused by decreasing electrolyte concentra- 
tion was equal to the predicted increase in double layer 
volume. Edge-to-face bonds were found to reduce ex- 
pansion significantly. 

From about 50 to 75% of the total swelling which fol- 
lowed submersion of Ca-montmorillonite in 0.01 N 
CaC12 was attributed to expansion caused by gas pres- 
sures which develop ahead of advancing wetting fronts. 
These pressures should increase with decreasing pore 
size in keeping with the Laplace equation. Accordingly, 
compaction increased swelling caused by entrapped air 
pressures as pore size was diminished. Slow wetting 
ameliorated this expansion by allowing dissipation of 
entrapped air. 
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Pe3~oMe--BbLaa ahlCqI4TaHa a~cop6uHa aHyTp14KpnCTa.rLrll~beCKOfi aO~bl Ca-MOI-ITMODrLrLrlOH14TOM, KaK 
npon3Be~leHne UO~OBnm,J Me~KC.rlO~HOFO npoMe~yTKa, no .rlaHHblM nopomKoBoro MeTo~[a penTreHocTpyK- 
TypHoro auanr13a, n pa3unIIbl Me>K~y ll~O~aJlb~O jlecop6tlnonnofi RoBepxttOCTH, nafinennofi c noMoIl~blO 
aT14~eHrnnrco~-MonoaT14JIaqbnpa i~ nnoma,al,~o noBepxnocTn BET, Hafijlennofi ajlcop6t~14efi N2. OC- 
MOTI4qecKa,q aJlcop6a14n 6b~aa nblCql.ITaHa KaK npon3BeJ1e14ne nnoma~14 noBepx14OCT14 N2 IJ TeOpeTI, lqeCKO~ 
TOJIII~PIHbl ~BO~14oro C.rlOn. I/I3MepeHHa~l ajicop6tIltfl aO~bl P~Os-cyxo~ rJmuofi, C>KaTOfi ~o llepBonaq- 
anbHbIX 14nOTaOCXefi (Y0) OT 0,52 ~O 1,59 r/cm z n norpyn~eHaofi a 0,01 N CaCI~, 6~,~pa a 2, 4no 4,2 
pa3 6opbme, qeM BnyTpnKpncTa~nqecKa~ nh~oc OCMOT14qecKa~q aJlcop6~14a, 6naro~apa HaJI14q1410 IIOp, 
npeBbimarottl~x pa3Mepb~ ~IaOfiHOrO C~On. Y~eJ/I, lqeHne pacmnpeHnn, a~,i3aaHHoe 14OHn~eHneM ~omlenT- 
paunn 3JleKTpOJn4Ta ~O 0,001 N, 6bl.rlO paB140 npe~cKa3aHnoMy noab~tuenr140 o6~eMa ~nofinoro cnon, 
qTo no~T~ep;~,4~aeT cytueCTBOaaHne oc~oTnqecroro KOMUOHeHTa pa36yxaHnn. 

HaMepeunoe pacm14pe~14e uocJ~e norpyn<euu~ n 0,01 N CaCI~ Renpepbmno ao3pacTaJlO c yaeJinqeni, leM 
3'00T 0,53 cm~/r npn 3"0 = 0,52 r/cm z JIo 1,17 cma/r npn 3/0 = 1,59 r/cm a, a TO apeM~ Kat< no~c'mTau14oe 
OCMOTHHecKoe nYnoc BHyTp14KpnCTaYlJiltqecKoe pacm14penHe 6blJlO HOCTO~tHHbIM 14 paa~noch  0,30 cma/r. 
~TO npoTnBopeqne o6ycJ~oB~eHO pa36yxanneM, BbI3BaHHblM ~laBaeHl~n~n ra3a, BO3HHKalOIJ~I,IMIr nepejl 
HacTynalotUr~Ml~ dpponTaM14 cMaq14Bannn. BO3~Ie~CTBI/Ie yn.rlOTHel-i14~ Ha pacmnpeu14e O6"b~cHneTc~I 
yMem,mea~eM pa3Mepa hop, KaK 6b~J~O 3aMepe~to ~lecop6t~ae~ N~, KOTopan conpoBo~ana ynnoTaerme. 
YMeHblJJeHUbll~l pa3Mep hop ~OJ~eH yBe.rlnql'lTb ~aBJ~eurle 3axBaqeltHOFO BO3J1yxa, B TO ~peMn ~ar 
nocTenemtoe cMaq14aaune ~lon~no cnoco6cT~OBaT~ noa~zeumo ~laB3~eaHn. CJie~OBaTeJ~bUO, Me~l,aeHnoe 
cMaqnaaHne ytaenbmn~o pacmnpeane 06pa3t~a, r~e 3"0 = 1,06 r/cm ~, OT 0,77 ~0 0,37 cmZ/r. Pa36yxaHne 
143-3a ~IaB~e814~ 3axBaqeUHOFO BO3~yxa upl, IBe2IO K 603IbmOMy yBe2114qelJI, IIO q14cJIa uop >104 /~ B 
~naMexpe, Kax noKa3a~o n3Mepenne nop MeTO~OM a14e~Ipeanz Hg. [N. R.] 

Resiimee---Die interkristalline Wasseradsorption von Ca-Montmorillonit wurde als das Produkt aus einem 
halben Schichtabstand, aus der Rfntgendiffraktometeranalyse, und der Differenz zwischen der Desorp- 
tionsoberflgtche, bestimmt mit Ethylenglycol-Monoetyl~,ther, und der BET-OberflSche, bestimmt durch Nz- 
Adsorption, berechnet. Die osmotische Adsorption wurde als das Produkt aus der N~-Adsorptionsober- 
flSche und der theoretischen doppelten Schichtdicke berechnet. Die gemessene Wasseradsorption von mit 
P2Os-getrocknetem Ton, der auf ursprfingliche Dichten (70) yon 0,52 bis 1,59 g/cm 3 komprimiert und in 0,01 �9 
N CaC12 getriinkt wurde, war um das 2,4- bis 4,2-fache grfBer als die interkristaUine plus osmotische Ad- 
sorption. Die Ursache ist das Auftreten yon Poren, die grSI3er sind als der Abstand zwischen den Dop- 
pelschichten. Die Zunahme in der Ausdehnung bei Reduktion der Elektrolytkonzentration auf 0,001 N war 
gleich der vorausgesagten Zunahme im doppelten Schichtvolumen und bestS.tigte somit eine osmotische 
Komponente beim Quellen. 

Die gemessene Ausdehnung, die nach dem Tr~inken in 0,01 N CaCI~ festgestellt wurde, nahm kontin- 
uierlich zu mit y, von 0,53 cm3/g bei y0 = 0,52 g/cm 3 auf 1,17 cm3/g bei yo = 1,59 g/cm z, w~ihrend die ge- 
schStzte osmotische plus interkristalline Ausdehnung bei 0,30 cm3/g konstant war. Diese Diskrepanz wird 
dem Quellen zugeschrieben, das durch die Gasdr/icke verursacht wird, die sich vor der vorschreitenden 
Feuchtigkeitsfront ausbilden. Der Effekt der Verdicbtung auf die Ausdehnung wird durch die Reduktion 
der Porengr61~e erkl~irt, wie sie bei der N2-Desorption gemessen wurde, die die Verdichtung begleitet. Eine 
reduzierte Porengr61~e sollte die eingefangenen Luftdriicke erh6hen, w~ihrend allm~ihliches Befeuchten ihr 
Verschwinden begiinstigen sollte. DemgemiiB reduzierte allm~ihliches Befeuchten die Ausdehnung einer 
Probe mit 3'0 = 1,06 g/cm 3 von 0,77 auf 0,37 cm*/g. Das Quellen, das auf eingefangene Luftdriicke zurfick- 
geht, erzeugte eine groBe Zunahme in der Porenzahl, > 104/~ im Durchmesser, wie durch Hg-Intrusion- 
sporosimetrie festgestellt wurde. [U.W.] 
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R6sum6---L'adsorption intracristalline d'eau de montmorillonite-Ca a 6t6 calcul6e comme 6tant le produit 
de la moiti6 de l 'espacement intercouche de l 'analyse de diffraction poudr6e aux rayons-X et de la diff6rence 
entre la surface de d6sorption d6termin6e 5- l'6ther 6thyl6neglycol-mono6thyl et la surface BET d6termin6e 

l 'adsorption Ne. L'adsorption osmotique a 6t6 calcul6e comme 6tant le produit de la surface N2 et de 
l '6paisseur de couche double th6orique. L'adsorption mesur6e d'eau par l'argile s~che P205, compact6e 
5- sa densit~ initiale (y~) de 0,52 5- 1,59 g/cm 3 et submerg6e dans 0,01 N CaCI~ 6tait de 2,4 5- 4,2 fois plus 
importante que l 'adsorption intracristalline et osmotique/~ cause de la pr6sence de pores exc6dant les 
dimensions de couche double. L'accroissement de l 'expansion caus6 par la r6duction de l'61ectrolyte 5. 
0,001 N 6tait 6gal 5- l 'accroissement pr6dit du volume de couche double, verifiant l 'existence d'un com- 
posant osmotique dans le gonflement. 

L'expansion mesur6e aprbs submersion dans 0,001 N CaCI~ a augment6 continueUement avec la valeur 
yo, de 0,53 cm3/g 5- y0 = 0,52 g/cm 3, 5- 1,17 cmVg 5- yo = 1,59 g/cm 3, tandis que l 'expansion osmotique et 
intracristalline estim6e 6tait constante 5- 0,30 cma/g. Ce d6saccord est attribu6 au gonflement caus6 par les 
pressions des gaz se developant devant les fronts mouillants. L'effet de la compaction sur l 'expansion est 
expliqu6e par des r6ductions de la taille des pores, mesur6es par d6sorption N2 qui accompagnent la com- 
paction. Des tailles de pores r6duites devraient accroitre les pressions des gaz emprisonn6s, tandis qu 'un 
mouillage graduel devrait favoriser leur dissipation. Ainsi, un mouillage lent a r6duit l 'expansion d 'un 
6chantillon o5- Y0 = 1,06 g/cm 3 de 0,77 5- 0,37 cm3/g. Le gonflement dfi 5- des pressions d'air emprisonn6 a 
produit une grande augmentation, d6termin6e par la porosim6trie d'intrusion Hg, des nombres de pores 
104 ,~ de diam~tre. [D.J.] 
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