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Abstract--Adsorption studies have been performed on Georgia kaolins having a broad range of 
crystallinity~and particle size distributions (from 0.1/~ to 44/~) using N2 (78~ H20 (273~ and 
BuNH2 (298~ Using both vapor and liquid phase adsorption techniques, surface affinities of the 
adsorbates were determined. 

Modified FrenkeI-Halsey-Hill plots were used to compute the preferential adsorptivity of HzO 
vapor over N 2 (hydrophilicity index, H.|.) as a function of crystallinity index, C.I., and particle size. 
For amine adsorptivity, non-aqueous adsorption isotherms were obtained. 

Within any geographic deposit, crystallinity exhibits an inconsistent pattern with respect to particle 
size. A single generality is the tendency for crystallinity to increase toward the fine particle size range, 
D --* 0-2/.L. Adsorptivities of Nz, H~O, and BuNH~ show no dependence upon crystallinity within a 
given particle size range. However, F.H.H. compensated slopes, describing the preferential adsorpti- 
vity over N2, show a definite decrease as crystallinity increases. A striking anomaly occurs in the 
vicinity of 0.2 < C.I. < 0.7 where H.I. increases briefly then returns to the original trend. The rate of 
decrease of H.I. vs. C.I. is consistently steeper with increasing particle size. Adsorption of water 
vapor most likely occurs as a I : l configuration on each silica-alumina edge group, l : l on each basal 
silica, and l : 2 (hindered configuration) on each basal alumina group. 

The data suggest that amines adsorb preferentially and quantitatively on the edges, i.e. the Lewis 
and Bronsted acid sites, and follow a Langmuir pattern. 

1. INTRODUCTION 
Tlae BEHAVIOR of clay minerals, both chemically 
and physically, depends to a great extent upon 
their surface energetics, due in part to surface 
area and degree of mineral perfection. In kaolins, 
for example, pigmentary and rheological properties 
are influenced mainly by these parameters. 

To define more clearly the role of surface charac- 
ter on adsorption, from which many kaolin proper- 
ties derive, adsorption studies were performed on 
very diverse types of Georgia kaolins. A prime 
difficulty in interpreting data on kaolins, particul- 
arly those reported for single or small-suite samples, 
lies in associating the phenomena with their causes. 
Georgia kaolins, while reasonably pure, vary 
considerably in particle size, particle shape (Conley, 
1966), crystallinity (Hinckley, 1965), and impurity 
content, both adsorbed, e.g. organic lignins and 
tannin, and extraneous, as micas, montmorillonites, 
quartz, etc. (Bates, 1967). Thus. adsorptivity 
measurements will reflect various phenomenol- 
ogles. Though some work has been reported on 
contaminant removal (Langston, et al., 1966), it 
has not been practicable to obtain an impurity-free, 
physically unaltered kaolin specimen. 

The present work represents an attempt to 
ascertain more accurately the functionality of the 
kaolin surface, per se, in adsorptivity. By use of 
broadly variant kaolins and regression analysis 
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with central limit bias (Univac 1108 programs), 
adsorptivity with varying adsorbate polarities was 
studied. 

2. EXPERIMENTAL 
Gas adsorption isotherms employing nitrogen at 

-196~ water vapor at 0~ and solution adsorp- 
tion isotherms with butylamine in water-free 
heptane at 25~ were obtained, using conventional 
B.E.T. and Langmuir techniques and a Micro- 
meretics 103 surface area analyzer. Thermo- 
dynamic evidence shows nitrogen, a non-polar 
molecule, to adsorb on both hydrophilic and 
hydrophobic areas. Water adsorption information 
was collected because many kaolin applications lie 
in aqueous systems. Polyamines are employed 
commercially to disperse kaolin in aqueous systems 
where subsequent interaction with various organic 
compounds (Bundy, 1963, Dohman, 1967) is 
required. Also, aliphatic amines are employed for 
introducing hydrophobic character to clay surfaces 
(Jordan, 1949). For these reasons, amine adsorp- 
tion carries considerable interest. Butylamine was 
chosen as an adsorbate because of its appreciable 
solubility in both heptane and water, an analytical 
necessity. An anhydrous solvent was chosen to 
avoid competitive adsorption effects contributed 
by an aqueous environment. 

The kaolins selected were representative mine 
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samples from the Georgia  area having a broad and 
continuous range of crystallinities and particle 
sizes. The crystallinity index, as defined by Johns 
and Murray (1956), varied from 0.0 ~ 1-0, and the 
particle size from 0-1 # ~ 44p_ The samples were 
centrifugally classified on production equipment 
into four general particle size ranges (see Table 1) 
representative of commercial processing. While 
very narrow size fractions might prove advan- 
tageous in adsorption studies, they are exceedingly 
difficult to prepare in quantities greater than milli- 
grams. Further,  it was expected that results from 
this work could be directly applied to materials of  
commerce and problems of industry. 

Table 1. Particle size classification of kaolins 

Median particle size % < 
Kaolin (/z) (I/x) * 

A 7-0-9-0 7 
B 0-7-0.9 61 
C 0-3-0-5 86 
D 0-2-0.3 94 

*All samples were 100 per cent < 44p,. 

The kaolins were converted to the hydrogen 
form by elutriation with H2SO4 at pH 3, water 
washed, dried at 125~ cooled under desiccation, 
and adsorption studies performed immediately 
thereafter. Hydrogen clays were chosen to obtain 
unequivocal results with amine adsorption and to 
clarify the location of acid sites on kaolinite. While 

Crystallinity index, C.I., as employed in this 
work, is an empirical measurement proposed by 
Johns and Murray (1959) and is the ratio of the 
intensities of 02]- and 060 kaolinite reflections in a 
randomly oriented sample. This intensity ratio is 
believed to measure primarily the randomness in 
"b" axis shift. The kaolins chosen for this work 
were selected for a continuous crystallinity range. 
Thus, the discontinuity in crystallinity index 
around 0.5-0.8, as reported by Johns and Murray 
with their random clay sampling, did not appear. 

As crystallinity may vary geographically and 
stratigraphically, distributions of  crystailinities can 
exist in any broad mine sampling, e.g. the materials 
in this study. Random mixtures of good and poor 
crystalline kaolins should produce a continuous 
series of crystallinity indices. Thus, no certainty of 
association exists between lateral or vertical dis- 
placements or particle size distributions. Hence,  
a given index likely measures mixtures of crystals 
within a sample possessing various degrees of 
"b" shift. 

3. RESULTS 
Within any single mine sampling, as shown in 

Table 2, crystallinity varies inconsistently with 
particle size. However,  over all samples, crystal- 
linity increases qualitatively with decreasing 
particle size (Ormsby and Marcus, 1964) as 
reflected by the t test for validity. Crystallinity and 
particle size are well known influential factors in 
adsorption (poor crystallinity tends to restrict 
particle growth which is, in turn, associated with 
higher surface area). 

Table 2. Crystallinity index variation in mine deposits and particle size 

Particle size fraction 
Mine* (from Table 1 ) 

location .4 > B > C ~> D 

I 0-15 0.61 0'16 0-27 
1I 0-17 0.67 0'49 0-59 

111 0.20 0.14 0.10 0-18 
IV 0.20 0-36 0.45 0.33 
V 0-25 0.27 0.29 0.41 

VI 0.46 0.48 0.73 0.55 
VII 0.61 0.87 0.43 1.00 

*All mine areas in central Georgia, (fall line). 
C.I. for all members = 0.41. t, test for crystallinity/particle size correlation, 

(96 per cent confidence level) = 2.75. 

hydrogen clays are believed to transform to the 
aluminum form in time, aging studies showed no 
variation in N2, H20  or BuNH2 adsorption beyond 
that ascribable to analytical error (< 1 per cent). 

Water adsorption 
Modified F renke l -Ha l sey -Hi l l  plots, a means 

of determining surface affinity for gaseous adsorb- 
ates, were used to study the relative adsorptivity of 
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water vapor and nitrogen, based on the success of 
Zet t lemoyer  (1968), Pierce (1968), and others in 
predicing surface character. In this technique, a 
slope is obtained from a data plot of volume ad- 
sorbed (or millimoles) vs. log partial pressure of 
adsorbate. By selecting the proper partial pressure 
region from initial B.E.T. plots, monolayer or 
multilayer adsorption can be studied. 

The ratio of slopes for water to nitrogen was 
computed, each determined with a minimum of five 
data points and overall confidence level of 99.9 per 
cent. This ratio measures the relative affinity of the 
surface for water over nitrogen at their respective 
temperatures, and is termed the Hydrophilicity 
Index,  H.I. 

H.I. A moles H~O a d s . / A  moles N2 ads. 
= / 

The data for the 28 samples showed random 
scatter and gave no evidence of positive correlation 
between H.I. and organic content, either with 
carbon alone (graphitic impurity) or with carbon 

Adsorption of carbonaceous matter on inter- 
laminar surfaces could block easily further adsorp- 
tion of both H20  and N2. A second explanation 
lies in a more globular structure for the organic 
impurity, of a size which would contribute or block 
very little surface area. Based on the chemical 
analyses, a mean globular size of only 50 A for the 
organic matter would reduce its effective surface to 
less than one-tenth of the monolayer value. It is 
not likely that either this size or area would be 
perceptible by electron micrographic or surface 
area examination. 

For  purposes of interpretation of water adsorp- 
tion on kaolin surfaces, the fraction of the surface 
on which organic contaminant interferes may, 
therefore, be neglected. 

In the plot of crystallinity index vs. organic 
content, Fig. l ,  high crystallinity index materials 
show somewhat less contamination by statistical 
analysis than low index ones. Such a relation might 
be anticipated on the basis of higher surface energy 
on low crystallinity materials. However,  the 
relationship is not pronounced. 
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and hydrogen (carbonaceous impurity). A com- 
puted average area covered by the organic consti- 
tuent, assuming a monolayer distribution, is 
approximately 1-2 M2/g, a small but significant 
fraction of the total surface area exhibited by water 
(3-16 M2/g). Yet, these data do not support the 
suggestion that the presence of naturally occurring 
organic impurities on a kaolin surface reduces 
detectably that surface's affinity for water as 
compared to nitrogen. Non-interference may be 
variously interpreted. Organic materials may 
adsorb at locations distinctly separate from H20,  
whether on kaolin or on the accessory minerals. 

In Figs. 2 and 3, a trend exists towards 
higher hydrophilicity with poorer crystallinity for 
all particle size fractions, in both monolayer (P/Ps~t. 
= 0.10)and multilayer (P/Psat. ~ 0"35 adsorption. 
In poorer crystallinity clays, the b-axis displace- 
ment of layers (Brindley, 1951; Brindley and 
Nakahira,  1958) could generate edge displace- 
ments, and, hence, contribute high energy sites. 

The slope of hydrophilicity index vs. crystallinity 
index is steepest with the coarsest fraction, A, and 
decreases progressively with finer particle size. 
This would be explained, in part, by the A fraction, 
which contains more blocky particles, having the 
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M O N O L A Y E R  ADSORPTION 
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greatest ratio of edge to total surface. A discontinu- 
ity in the slopes occurs between 0.3 and 0.6 crystal- 
linity index with all particle size fractions, both in 
monolayer and multilayer adsorption. Following 
this break, the slope again reverses to about its 
original value, considering the sparcity of data 
near the high C.I. region. The discontinuity appears 
to be related to crystallinity and not to particle size. 
For example, C samples generally have lower 
crystallinity indices than B and D and higher values 
than A. However, the knee of the early break in C 
precedes both B and D but follows A. 

Hydrophilicity index values for monolayer 
coverage are consistently higher than for multi- 
layer, which suggests the operation of dipole-dipole 
forces at the high energy sites, whose magnitude 
decreases rapidly with distance*. Thus, the affinity 
for adsorbate at approximately 3 layers ( P / P s a t .  = 
0"3), while decreased, is still significant. At much 
higher adsorption pressures, where 5 -10  layers 
form, the attractive influence of  the surface (and 

*Dipole-dipole interactions vary inversely as the 
seventh power of the distance. 
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the anomaly in the H.I .  vs. C.I. slopes) is obscured. 
The adsorption of water on the various surfaces 

of clay minerals has been the subject of much 
investigation (Johansen and Dunning, 1959; 
Keenan, Moody, and Wood, 1951; Martin, 1959; 
Orchistron, 1954; Sposito and Babcock, 1966; Van 
Olphen, 1965). The adsorption isotherm is not 
sufficiently definitive, even by the sophisticated 
methods of Ross (1964), to properly locate water 
molecules during monolayer coverage. However,  a 
comparison of water vs. nitrogen adsorbed at 
monolayer coverage for a wide variety of kaolins 
should yield some insight into this problem. 

Independently of the location and mechanism of 
molecular adsorption, the molar adsorption index 
for water vs. nitrogen, M.A.I.H~o/N~, is given by 

~" fH2 oCI-bo 
M'A'I'H~~ = fxn~Cn~ 

w h e r e f  = effective area exhibited by a given mole- 
cule on a given surface in ~/molecule  

C = number of molecules on that surface. 

The effective area for nitrogen is an empirically 
determined number, varying slightly with the 
substrate (Livingston, 1959). For  kaolins a value 
of 15-8 ,~2 for N2 represents an overall average for 
the various surfaces. The surface area of kaolinite 
particles may be computed accurately from electron 
micrographic surveys. 

(1) The basal area for an isogonic, anisometric 
hexagon, is given by 

x/3 
Ab = ---~-a • b * 

where a and b are the major and minor dimensions 
normal to an edge. 

(2) The prism faces (edge surface) contribute an 
area 

A e =  V 3 c ( a + b )  * 

where c is a thickness dimension normal to 
a and b. 

(3) Another  defining characteristic of particle 
geometry which may affect adsorption is the 
shape factor, ~b, given by 

C 

' / '= x~a • 

*These formulas hold accurately for hexagons where 
the digression from regularity is a/b < 2. 

and is determined from shadowed electron 
micrograph measurements. 

Table 3 contains various adsorption models, 
effective areas, shape factors, and predicted values 
for M.A.I.u~o~n2 based thereon. The value of ~ = 
0-16 is an average for various C and D fractions 
(Conley, 1966) while 0.30 is representative, though 
less consistently, o f t heA  fraction (>  5tz). 

While other adsorption models are theoretically 
possible, they either are mathematically more 
remote or no thermodynamic evidence has been 
given in their support. Model 4 is the conclusion 
by Sposito and Babcock (1966) following treatment 
of the energetics of adsorption by a modification of 
the Schroedinger quantum energy equation. Terms 
are included for the various vibrational modes of  
the H20 molecules and van der Waals molecule-  
crystal surface interactions. Solved for the potential 
energy minima, the set of equations predicts the 
most probable molecule orientation of water on the 
various kaolinite faces. Model 1 is derived by 
Hendricks and Jefferson (1938) from ice configura- 
tions. 

The fourteen C and D particle size samples are 
represented in the mole adsorbent plot, Fig. 4. The 
slope for these data represents an experimental 
determination of M.A.I.H~o/N~. The best fit of a line 
through the origin yields a slope of  0.64, a value 
quite close to the adsorption mechanism in Model 
4. Thus, the present experimental data strongly 
support the theoretical work of Sposito and 
Babcock. 

B u t y l a m i n e  adsorp t ion  
Adsorptivi ty of butylamine on the kaolin surface, 

like adsorptivity of water, shows no positive 
correlation with the organic contaminant, even at 
increased levels of organic content. Further,  no 
relation is extant between the adsorptivity for 
butylamine, KBunH,, on kaolin surfaces and crystal- 
linity index. This may be due in part to the use of 
a non-aqueous medium for BuNH2, as opposed to 
pure gas adsorption for N2 and H20.  While it is not 
rational to relate the Langmuir adsorptivity factor, 
K, to the N2 and H 2 0  volume/partial pressure 
slopes on a quantitative basis, some general 
observations can be made. 

The quotient, K/moles Nz ads./log Po/Psat N' is a 
. . . .  - z 

quahtatlve measure of the affimty, per umt surface, 
of the various clays for butylamine and circumvents 
inherent surface area effects. Table 4 contains the 
crude data distribution for all members of Table 2 
in three subranges of crystallinity. 

Though no firm conclusions can be drawn, some 
indication exists that surface affinity for butylamine 
is high with both poor and well crystalline kaolins 
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Table 3. Molar adsorption indices for various H20 adsorption models 

Mole ratio of 
adsorbate/surface 

atom for fn~o,* 
Model H20 adsorption /~2/molecule 4) 

Predicted 
M.A.l.~o/r~, 

1 - 1, SiO basal 11-2] 0.16 
1 I - l ,  AIOH basal 11.2~ 0.30 

1-1, SiO-AIOH edge 16-0.1 

1-1 ,  SiO basal 11.2] 0.16 
2 1 - I ,  AIOH basal 11.2~ 0.30 

1-1, SiO or AIOH edge 32.0.1 

1-1, SiO basal 11-2] 0.16 
3 1-2, AIOH basal 22.4~ 0.30 

1-1, SiO-AIOH edge 16.0J 

1 - 1, SiO basal 11.2] 0.16 
4 1-2, AIOH basal 22.4~ 0.30 

1-1, SiO or AIOH edge 32.0.1 

5 1-1, SiO basal 11.2], 0.16 
1-1, AIOH basal 11.2J 0.30 

0.16 
6 1-1, SiO or AIOH edge 32-0} 0-30 

0-939 
0.908 

0.844 
0.766 

0.752 
0.752 

0.657 
0.610 

0.750 
0.625 

0.094 
0.142 

*Brindley and Robinson (1946), Newnham and Brindley (1956). 
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Fig. 4. Linear relationship between nitrogen and water 
vapor adsorption for monolayer coverage. 

and low in the mid range. This trait is not dissimilar 
to the surface affinity for water. 

Adsorpt ion mechanisms for BuNH2 and H 2 0  
appear quite different. Theoret ical  slopes for 

various models of surface coverage by BuNH~, 
assuming 25 .&2 for the area of butylamine molecule 
(Betts and Pethica, 1956) and 15.8 A2 for nitrogen, 
are i temized in Table  5. 
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Table 4. Relative surface affinity of butylamine on various clays 

Per cent Per cent 
distributed distributed 

Crystallinity Statistical above median below median 
range weighting BuN H2 affinity BuN H~ affinity 

0.00-0.33 43% 67 17" 
0.33-0-67 43% 33 67 
0.67-1.00 14% 100 0 

*Two data points in this range fell on the median. 

Table 5. Molar adsorption indices for various BuNH2 adsorption models 
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Model 

Mole ratio of 
adsorbate surface atom 

for fBuN.~ Predicted 
BuNHz adsorption A2/molecule ~b M.A.I.~u~H~m~ 

1-2, SiO basal 22-4] 0.16 0.571 
7 1-2, AIOH basal 22.4~ 0-30 0.605 

1-1, SiO or A[OH edge 32.0J 

8 1-2, SiO basal ~ 22.4 0,16 0.375 
1-2, AIOH basal J 22.4 0.30 0.312 

0.16 0.195 
9 1-1, SiO or AIOH edge 32-0} 0.30 0.293 

In Fig. 5, butylamine vs. nitrogen for monolayer 
coverage, the best straight lines through the origin 
for the experimental data forA and B fractions and 
C and D fractions have slopes of 0.30 and 0.20, 
respectively. Characteristically, butylamine is 
known to adsorb on Lewis or Bronsted acid sites, 
as demonstrated by Benesi (1957) using Hammett  
indicators, and acid sites on kaolin are primarily on 
edge faces (Hertl  and Hair,  1968, Peri, 1966, 
Solomon and Rosser, 1965). With 6: I platelet 
geometry for C and D fractions and the assumption 
that butylamine adsorbs only one molecule per 
A1-Si edge group, the computed slope for Model 9, 
0.195, lies very close to the observed 0.20. The 
experimental slope value 0.30 for the A and B 
fractions, by the same reasoning, is represented 
well by the predicted value, 0.293, for > 5~ 
fractions. Thus, it seems evident that butylamine 
adsorbs primarily, if not exclusively, on the edge 
faces. 

If  butylamine adsorbs essentially on the edge 
faces of kaolin and if a differential affinity for 
BuNH2 exists throughout the crystallinity range, 
as shown qualitatively previously, it is probable 
that surface acid strength is influenced by crystal- 
linity. Further  support is lent by titration studies 

(Conley and Golding, 1959) of kaolins with bases 
of varying dissociation constants. The slope of pH 
vs. base added, both early in the titration and near 
the equivalence point, is a measure of the Ka of the 
kaolin acid groups. These data strongly suggest that 
clays with low and high C.I. values are associated 
with higher Ka values (stronger acid groups) than 
mid range C.I. ones. 

Present evidence is too meager to define precisely 
the mechanism for acidity variance. Likely, it lies 
in alteration, incomplete and hindered coordination 
and crystal field effects on surface structures 
generated by crystaUinity and b axis dislocations. 
Continued work is in progress in this area. 

4. SUMMARY 
The behavior of the kaolin surface with respect 

to the adsorption of  nitrogen, water and butylamine 
is diverse. Thermodynamic evidence points to a 
uniform molecular distribution for the non-polar 
N2 molecules partly as the result of extremely low 
temperature adsorption. The highly polar, but 
neutral, water molecules have a restricted con- 
figuration at 0~ Their adsorption behavior fits the 
theoretical proposals of Sposito, i.e. 1 molecule 
per basal silicon atom, 1 molecule per two basal 
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Fig. 5. Linear relationships between butylamine and nitrogen 
adsorption for monolayer coverage. 

aluminum atoms, and I molecule per edge aluminum 
-silicon group. Butylamine, a stronger electron 
pair donor, chemisorbs at the acidic sites, essen- 
tially the incompletely coordinated, edge aluminum 
atoms. In very poorly crystalline kaolins, slightly 
more butylamine adsorbs than predicted, which 
suggests the presence of basal acidic sites. 

Both water and butylamine show an adsorption 
anomaly in the mid range of crystallinity as 
measured by the criterion of Johns and Murray. 
The consistency of the pattern points to a structural 
factor influential in the coordination of polar 
molecules on kaolin surfaces. 

Organic material, e.g., graphite, tannins, and 
lignins are present in nearly all kaolin deposits. 
However, even in concentrations up to 1 per cent, 
their effective surface produces little or no interfer- 
ence in the adsorption of polar molecules. 
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R6sum~- On a effectu6 des 6tudes sur l'adsorption des kaolins de Georgie ayant une gamme &endue 
de distributions de cristallinit6 et de grandeur des particules (de 0,1/~ 5. 44/.0 utilisant N2 (78~ 
H20 (273~ et BuNH2 (298~ En employant 5- la fois les techniques d'adsorption de vapeur et en 
phase liquide, on a d6termin6 les aflinit6s de surface des produits d'adsorption. Les graphiques 
modifi6s de Frenkel-Halsey-Hill  ont servi 5. calculer radsorptivit6 pr6f6rentielle de la vapeur de 
H20 sur N2 (index hydrophilicite, H.I.) comme une fonction de l'index de cristallinit6, C.I. et de la 
grandeur de la particule. Pour l'adsorptivit6 des amines, on a obtenus des isothermes d'adsorption 
non-aqueux. En g~n6ral la cristallinit6 pr6sente on module incompatible 5. la taille de la particule. 
Une g6ngralit6 simple est la tendance de la cristallinit6 b. augmenter vers la gamme de parti- 
cules de grandeur b - - *  0,2/.t. Les adsorptivitgs de N~, H~O et BuNH2 ne montrent aucune 
dgpendance sur la cristallinit6 dans une limite donnge de grandeur de particules. Toutefois, les pentes 
compens6es F.H.H., d6crivant l'adsorptivit6 pr6f'erentietle sur N2, indiquent une diminution d6finie 
au fur et 5. mesure que la cristallinit6 augmente. Une anomalie frappante se produit dans le voisinage 
de 0,2 < C.i. < 0,7 oh H.l. augmente bri~vement et revient ensuite 5. la tendance initiale. Le taux de 
diminution de H.I. en fonction de C.I. est plus fort avec le hausse de la grandeur des particules. 
L'adsorption de la vapeur d'eau se produit, le plus souvent, comme une configuration 1 : 1 sur chaque 
groupe limite de silice d'aluminium, 1 : l sur chaque silice basal et 1:2 (configuration entravge) sur 
chaque groupe d'alumine basale. Les donn6es sugg~rent que les amines adsorbent de prgfgrence et 
quantitativement sur tes bords, 5. savoir les zones acides de Lewis et de Bronsted, et suivent un 
module Langmuir. 

Kurzreferat-Adsorptionsstudien unter Verwendung von N2 (78~ H20 (273~ und BuNH2 
(298~ wurden an Georgia Kaolinen mit einem weiten KristallinitS.ts-und Teilchengr/~ssenbereich 
(yon 0-1p. bis 44/~) durchgefiihrt. Unter Verwendung yon Adsorptionsverfahren in der D a m p f -  
sowie in der FliJssigphase wurden die OberflSchenafl~nitS.ten der Adsorbate bestimmt. Es wurden 
modifizierte Frenkel-Halsey-Hill  Diagramme verwendet um das bevorzugte Adsorptionsverm~gen 
yon Wasserdampf gegeniiber N 2 (Hydrophilie Index H.l.) als eine Funktion des KristallinitS.tsindexes, 
C.l., und der Teilchengr/Ssse zu errechnen. F~ir das Adsorptionsverm~gen yon Amin wurden nicht- 
wSssrige Adsorptionsisothermem erhalten. I nnerhalb einer geographischen Abiagerung irgendwelcher 
Art zeigt die Kristallinit~it einen inkonsequenten Verlauf in Bezug auf die Teilchengr~isse. Allgemein 
ist allein die Neigung der Kristallinit~it in der Richtung zum Bereich der feinen Teilchen D -~ 0.2/~ 
hin zuzunehmen. Die Adsorptionsverm6gen yon N~, H20 und BuNH2 zeigen innerhalb eines gege- 
benen Bereiches yon Teilchengr~ssen keine Abh~ingigkeit yon der KristallinitS.t F.H H.-kompensierte 
Verliiufe, die das bevorzugte Adsorptions-verm/~gen gegeniiber Nz beschreiben, zeigen jedoch eine 
deutliche Abnahme bei zunhmender KristallinitS.t Eine auffallende AnormalitS.t tritt in der N~ihe 
yon 0,2 < C.l. < 0,7 auf wo H. 1. kurz zunimmt und dann wieder der urspriinglichen Tendenz zu folgen. 
Die Geschwindigkeit der Abnahme yon H.l. gegeniiber C.l. ist durchwegs steiler mit zunehmender 
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Teilchengr6sse. Die Adsorption von Wasserdampf erfolgt wahrscheinlich als 1 : 1 Konfiguration an 
jeder Kieselerde-Tonerde Randgruppe, 1 : 1 an jeder Basiskieselerde und 1:2 (verhinderte Konfigura- 
tion) an jeder Basistonerdegruppe. Die Messwerte deuten darauf hin, dass Amine vorzugsweise und 
quantitativ an den Kanten, d.h. den Stellen der Lewis und Bronsted S~iuren adsorbieren, und einem 
Langmuir Muster folgen. 

Pe3~oMe--Hccne~oBaHaa aAcop6uaa BblnO.rlHelib[ Ha o6pa3/.l.ax KaonaaaTa H3 ~l,>xop,a>raa, 
xapaxrep~t3ytottmxcn HH3KHMM ripe~eJlaMri KpttcTa.n.rlHqliOCTH H pa3MepaMa tlacTHU (OT 0,1 ,aO 
44 Mr), C HCnOnb3OaaHaeM Nz (78 OK), H20 (273 OK) rl BuNH2 (298 OK). C. noMotUbm MeroaoB aaco- 
p6uaa  gaK riapoB, TaK H gri)~KOgi qba3bl onpe,aeJieHbl BeJIH~d, Irlbl rloBepxHOCTHOFO cpO~CTBa a~- 
cop6aTOB. C noMotabro BrI~OH3MerlerIHblX KpHBblX ~pemcena-Xe.rlcH-XHJlna (qbXX) no~cnaram,J 
Bena~t~a~,~ npe~MymecrBett8o~t az t cop6u~  napo8 H~O no cpaaaertaro c Nz (r~r~erc ra.apo~anh- 
aocr~, IelF) KaK qbyHKunH HmaeKca rprlcTannI, I~mocrrt (IdK) H pa3Mepoa tIaCTHI2. I'lo.rly,ierlbl H3OTe- 
pMbl ~e3Bo,/IHOI~ allcop6ttHa an~ IIOF.rlOILIeHHfl aMHHOB. 

)In~ Kax~aoro MecTopox<~eHHfl cTeneHb KpHCTa~IJIHqHOCTH He Haxo~HTCfl a 3algOHOMepHO~ 
CBR3H C pa3MepOM qaCTHIl. Ha6~os -r[HUlb erlHHCTBeHHa~I 061J.la~l TeHJleH~HH~/ yBe.rIlltleHHlq 
CTelle/r/H KpHcTaY/27H*IHOCTH I/pH FIQH~JIH)KeHHH pa3MepOB tlaCTHI4 If BeJ/H*IHHRM D ---> 0, 2 MK. 
I-[Or~OtLtaeMoCTb ~"I2, HzO a BuNH2 ~le o68apyx~a~aeT H~cago~ 3aBHCHMOCTI, I B npe~eaax ~r 
nH60 3a~laaHoro HHTepBana pa3MepOB qaCTHH. O21HaKO CKOMIIeHCHpOBaHHble llaKYIOHbl KpHBblX 
r orIHCb~BarOUlHX IIpeHMyIllecTaeHHyIO a~Icop6tlHrO no CpaBHeHHrO C Nz, yMeHbILIarOTC~I HpH 
yBe~Ill*leHHll creneHH KpHCTa~IZ[HqHOCTH. ~/~HBllTe~IbHaa aHoMa;IH~ Ha6:~ro~aeTc~ B6nH311 HHTe- 
pBaf/a 0,2 < H K  < 0,7, r~le 141- Ha y3KOM y~/acT~(e Bo3pacTaeT, HO 3aTeM crloBa BOC 
I]epBoHattaJibHae TeH~teHIIH~I. CKOpOCTb yMeHbIiIeHH~l I/If- B 3aBHCHMOCTH OT 14K HeH3MeHHO 
6o.qbOIl/e IlpH yBeflHtleHHH pa3MepoB qaCTHtt. I-[orno~euHe rlapoB BO~bI CKOp.~e FIpOHCXO~AT B B~le 
KOH~Hrypatme~ l :I Ha ~ax<;ao~ ~paeaor~ Si-Al-rpyrme, l :I Ha ~axr 6a3a~Hoil  Si-rpyarie H 
1:2 (3aaHa~ ~oHdpHrypattHa)-na l<a>r~/oia 6a3as~r~ofi A I - -  rpynne. 

~2ar~m,~e yKa3b~BalOT, 'tl-O aMrlH/~ nornotuaroicn nper, lMy~ecTaeHHo ri KOnlt"IeCTBeHHO rfa ~pa~x, 
T.e. ua I(HCs rloaoxceanux 51muca u BpoHcTeaa a COO/'BeTCTB~II4 C 51earMropoacro~ KapTl4HO~l. 
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