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Abstract- A specimen montmorillonite (Arizona bentonite) was treated with hydroxy-aluminum 
solutions of various basicity. The cation exchange sites of this clay were found not to be homogeneous 
in their strength of retaining hydroxy-aluminum polymers; this strength varied from very weak, with 
which the Al polymers were only loosely held. to very strong, with which stable interlayer AI-clay 
complexes were formed. When a large amount of clay was treated with a small amount of solution , the 
polymers were held only in positions of strong affinity; the polymers were difficult to extract with 
neutral salt solutions and did not change to crystalline AI(OH)3 during prolonged aging. When a small 
amount of clay was treated with a large amount of solution, the exchange sites were completely occu
pied by polymers; a portion of these polymers was easily extractable with neutral salt solutions and, 
during aging, changed to AI(OH),. This contrast is significant in any attempt to compare results 
obtained under different experimental conditions and to correlate laboratory experimentation with the 
occurrence of gibbsite and interlayer AI-clay complexes in nature. 

INTRODUCTION 
THAT certain forms of Al can be fixed in the inter
layer space of expandable clay minerals has long 
been known. A number of workers have endeavored 
to characterize the nature of the interlayer Al in 
order to assess its significance to the genesis of 
gibbsite and other clay minerals in nature (Barnhisel 
and Rich, 1963 and 1965; Coleman and Thomas, 
1964; Frink and Peech, 1963; Hsu and Bates, 
1964b; Jackson, 1960 and 1963; Kaddah and 
Coleman, 1967; Ragland and Coleman, 1960; Rich, 
1960; Shen and Rich, 1962; Singh and Brydon, 
1967; Thomas, 1960; Turner, 1965; Turner and 
Brydon, 1965 and 1967; Weismiller et at. 1967). A 
majority of the workers now believe that Al is 
present as positively charged hydroxy-aluminum 
polymers in the interlayer space in the initial stage 
but have some uncertainty as to its fate during 
prolonged aging. Some workers suggested that such 
AI-clay complexes are stable and are the inter
mediate products of chloritization. Many others 
believe that hydroxy-aluminum polymer inter
layers are not stable and will be transformed into 
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gibbsite after prolonged aging. The effects of min
eraI surface, the OH/AI ratio of the original Al 
solution, time of aging, and the amount of Al 
"precipitated" per unit weight of clay on the gibb
site formation process, have been discussed in 
several papers. 

That the surface of many clay minerals is not 
homogeneous in its strength of holding cations has 
been demonstrated by Marshall and his associates 
in numerous reports, and was recently summarized 
in a monograph (Marshall, 1964). The present re
port illustrates the significance of this concept in 
the study of interlayer Al in clay. With the mont
morillonite used in this study, Al was not found to 
be of uniform strength over the entire interlayer 
surface. This was indicated by the diverse ex
change ability of these polymers and their tendency 
to form gibbsite. 
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MATERIALS 
Montmorillonite 

The clay used came from Chambers, Arizona 
(obtained from Ward's Natural Science Establish
ment, Inc., Reference Clay Minerals, No. 23). The 
coarse clay fraction (0,2-2 IL equivalent spherical 
diameter), fractionated according to Jackson's 
(I956) procedure, was saturated with Na+ and 
used in this study. The cation-exchange capacity 
of this clay is 11 0·1 meq/l00 g. 
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Hydroxy-aluminum solutions 
The solutions were prepared by adding, drop

wise, the appropriate amount of 0·1 N NaOH to 
200 ml of 0·2 M AICI3 solution at approx. 100 mIl 
hr, and then diluting the solutions to 2 I. with water 
to give a final concentration of 0·02 M AI. The 
amount of NaOH was so adjusted as to give de
sired molar ratios offrom 0·6 to 2·7. The nature of 
these solutions was discussed in a previous report 
(Hsu and Bates, 1964a). 

METHODS 

Preparation of specimen 
Portions (0·4 g) of Na-saturated montmorillonite 

were mixed with varying amounts of hydroxy
aluminum solutions having molar ratios of NaOH/ 
Al between 0·6 and 2·7. Immediately after prepara
tion samples were shaken for 6 hr and then fre
quently during every day. The NaOH/AI molar 
ratio and amount of Al solution will be shown for 
the individual experiments. 

Pretreatment of sample for chemical analysis 
The sample was centrifuged after it had been 

aged for a predetermined length of time. The solu
tion was analyzed for its pH and Al content. Part 
of the aluminum would, of course, be present at the 
edge site, but for the purpose of this study all the 
Al sorbed by the clay was assumed to be in the 
interlayer space. The clay was washed once with 
100 ml of 50 per cent alcohol and then successively 
extracted eight times, each time using 40 ml N 
NaCI solution and 30 min shaking. Each extract 
was collected separately and analyzed for its Al 
content, referred to as exchangeable AI. After 
eight extractions the residual Al was referred to as 
nonexchangeable Al and was calculated by sub
tracting the exchangeable Al from the total amount 
of Al sorbed by the clay. The interlayer Al is so 
classified for the convenience of discussion, but the 
distinction here between exchangeable Al and non
exchangeable Al is an arbitrary one. The clay was 
then washed twice with 100 ml of 90 per cent 
alcohol and extracted four times with 25 ml N 
MgCI2 solution with 30 min shaking. The four 
MgCI2 extracts were combined and the Na+ con
tent of the combination was determined and re
ferred to as the cation-exchange capacity of the 
clay after Al solution treatment. 

General chemical analysis 
The pH was measured with a Beckman Model 

G or a Heath recording pH meter. Aluminum was 
determined with aluminon (Hsu, 1963). Sodium 
was determined with a Beckman DU Flamephoto
meter. 

Basicity of exchangeable aluminum 
The first NaCl extract was titrated with 0·1 N 

NaOH to pH 8 and the basicity of exchangeable 
Al calculated as follows: 

B "t f h Al 3 NaOH consumed (meq) 
aSlcl y 0 exc. = - E h Al . xc. (mM) 

Basicity of non-exch. A I 
The basicity of non-exchangeable Al was cal

culated as follows: 

Basicity of non-exch. Al = 

3 _ Exch. charge inact. (meq) 
Non-exch. Al (mM) 

The inactivated exchange charge was estimated by 
subtracting the cation-exchange capacity after 
treatment from that of the original clay. The amount 
of non-exchangeable Al was estimated by subtract
ing the exchangeable Al from the total amount of 
Al sorbed by the clay. 

Differential thermal analysis 
After the chemical analysis the residual clay was 

washed once with 100 ml of water and then washed 
with alcohol onto a filter paper and dried. The 
differential thermal analysis was made with a 
portable unit made by Eberback. 

RESULTS 

Exchangeability of interlayer aluminum 
The results (Table 1) were obtained by treating 

0·4 g of clay with 100 ml of hydroxy-aluminum 
solutions of basicities 0·6, 1·8, and 2'25, and then 
successively extracting with N NaCI solution 
eight times (40 ml each). Total Al in the eight 
extracts varied from 11 per cent of the total Al 
sorbed by the clay to 55 per cent, depending on the 
OH/AI ratio of the original solution and the time 
of aging. Of the total Al extracted, over 50 per cent 
was found in the first extract. The Al contents in 
successive extracts decreased progressively with 
the increased order of extraction. The Al concen
trations in the last five extracts were very small, 
even though a large amount of Al was present in 
the interlayer space. For example, for the sample 
treated with the Al solution of basicity of 0·6 and 
aged for 2 weeks, 21·7 per cent of the interlayer 
Al was present in the first extraction, 9·0 per cent 
in the next two extractions, and only 6·1 per cent 
in the remaining five extractions despite the fact 
that 63 per cent of the total interlayer Al stilI re
mained in the clay. In contrast, when this clay was 
rapidly washed with a large excess of 1 N AICla 
solution, the interlayer Al was found to be entirely 
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present as A)3+ and could be completely removed 
with a neutral salt solution in three extractions. 

In all samples, amount of non-exchangeable AI 
increased with time of aging. For the two samples 
prepared with solutions of basicities 1·8 or 2·25, 
obvious decreases in pH and in solution Al con
centration were observed. The cation-exchange 
capacity of these two samples first decreased, but 
later, in association with the occurrence of crystal
line AI(OHh, they increased. Evidently, part of the 
interlayer AI converted to AI(OHh during aging. 
Nevertheless, for the sample prepared with a 
solution of basicity 0·6, the solution pH and the AI 
concentration decreased only slightly, probably 
within the experimental uncertainty. No AI(OHh 
was observed even after prolonged aging. 

The results (Table 2) demonstrate the effect of 
amount of solution added on exchangeability of 
the interlayer AI. In this experiment, 0·4-g portions 
of clay were treated with a hydroxy-aluminum 
solution of basicity 2'25, but varying amounts of 
solution were added. These samples were allowed 
to stand for 2 weeks and then were extracted with 
N NaCI eight times (40 ml each). In these samples 
prepared with 2, 5, and 10 ml of AI solution, prior 
to the addition of clay the solution was diluted with 
water to 20 ml. In addition, K-saturated instead 
of Na-saturated clay was employed. It was found 
that when 2 ml of Al solution was used, all the 
aluminum entered the clay and less than 5 per cent 
of it was exchangeable with NaCI. The proportion 
of exchangeable Al over the total interlayer AI 
gradually increased with the amount of solution 
used until at 50 ml of solution a peak was reached. 
Nevertheless, the absolute amount of non-ex
changeable AI continued to increase with increase 
in the solution/clay ratio. In all instances the cation
exchange capacity of clay decreased in association 

with the increase in the non-exchangeable AI. The 
clay was far from being completely inactivated 
even when 400 ml of Al solution was used. 

Two other samples were prepared by treating 
0·4-g portions of clay with 200 ml of hydroxy
aluminum solutions of basicities 2·55 and 2'7, 
respectively. These two samples became very 
compact, and clay particles stuck together shortly 
after preparation. All the Al sorbed by the clay 
was not easily extracted, and the cation-exchange 
capacity decreased to less than 10 meq per 100 g. 
After 3 months of aging, however, the cation
exchange capacity increased to over 50 meq per 
100 g, and, upon differential thermal analysis, 
gibbsite was detected. These two samples have not 
been studied in detail, but the preliminary informa
tion presented here is considered to be of signifi
cance in the interpretation of the nature of 
interlayer AI. 

Basicity ofinterlayer aluminum 
The basicity of the non-exchangeable interlayer 

aluminum falls within the narrow range of 2·5-2·7 
(Tables 1-3) provided no crystalline AI(OHh was 
observed. For the solution of NaOH/ Al molar 
ratio 0'6, the basicity of non-exchangeable Al 
remained unchanged during aging up to at least 8 
months. For other samples, however, the basicity 
gradually increased during aging, suggesting a 
gradual growth in size of the polymers. The average 
basicity of non-exchangeable Al rose to beyond 
this range when crystalline AI(OHh was observed. 

The basicity of the rapidly exchangeable* Al 
varies from 0 to 2·5, depending on amount and 

*Only the first NaCI extract was titrated with NaOH to 
estimate the basicity of the AI present, the AI concentra
tions in later extracts being too low for titration. 

Table 2. Effect of solution volume on the exchangeability of interlayer aluminum* 

Volume of AI AI remaining Exchangeability of interlayer Alt Exch. charge 
solution added in solution Total Exchangeable Non-exchangeable reduction Basicity of interlayer AI 

(ml) (ppm) (mg) (%) (mg) (meq/IOOg) Exchangeable Non-exchangeable 

2:j: nil 1·08 4·65 1·03 
5:j: nil 2·70 20-4 2·15 

10:j: nil 5·40 26·7 4·06 
20 nil 10·80 43·4 6·12 26·9 1·70 2·52 
50 65·5 23·73 60·6 9·35 32·4 2·45 2·62 

100 286·4 25·36 55·4 11·30 38·8 2·46 2·64 
200 408·0 26·40 54·3 12·35 41·9 2·49 2·63 
400 473·7 26·51 54·0 12·21 40·7 2·55 2·64 

*Basicity of AI solution = 2·25. Initial AI concentration = 540 ppm. Weight of clay = 0·4 g. All samples 
analyzed 2 weeks after preparation. 

t All the aluminum sorbed by clay was assumed to be in the interlayer space. It is not essential to distinguish 
the edge site from the interlayer space for the purpose of this report. 

:j:Diluted to 20 ml before the addition of montmorillonite. 
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Table 3. Basicities of exchangeable and non-exchange
able AI in samples other than those listed in Tables 1 

and 2 

Al solution added Basicity ofinterlayer Al 
Basicity Volume Exchangeable Non-exchangeable 

(m)) 

0 100 0 N.D. 
0·6 20 0·12 N.D. 
0·6 50 0·25 2·51 
0·6 100 1·16 2·58 
0·6 200 1·96 2·70 
0·6 500 2·)0 2·68 
0·6 1000 2·33 N.D. 
)·2 100 2·26 2·60 
1·2 200 2·33 2·71 
1·5 100 2·23 2·68 
1·5 1000 2·47 N.D. 
1·8 2 x 50* 2·25 2·62 
2·4 200 2-30 2·70 
2·4 2 x 50* 2·39 2·63 

*Treated with AI solution twice, 50 ml each time. 

basicity of the original solutions added and time of 
aging. The exchangeable AI was found to be pre
sent almost entirely as AJ3+ when the clay was 
rapidly treated with N AICt solution. The effect of 
the amount of solution added on the basicity of 
exchangeable AI is shown in Table 3. When several 
samples were prepared from the same Al solution 
of basicity 0·6 but with different volumes of solu
tion, the basicity of the exchangeable Al increased 
from 0·12 to 2·33 as the solution volume increased 
from 20 ml to I I. Evidently the clay prefers to take 
up hydroxy-aluminum species, either exchangeable 
or non-exchangeable. When a small amount of 
solution was employed, the amount of hydroxy
aluminum polymers is not sufficiently large to 
exclude all the AJ3+ and this results in a lower 
average basicity. With a large amount of solution, 
AJ3+ was for the most part excluded from the 
interlayer AI and the average basicity is thus high. 

It is also shown (Table 1) that the basicity of the 
exchangeable Al decreased with the increased time 
of aging, in association with the increasing amount 
of Al fixed and the decrease in the cation-exchange 
capacity. The original exchangeable Al was mainly 
a mixture of AJ3+ and polymers. When a portion of 
the polymers gradually became non-exchangeable, 
the basicity of the exchangeable Al gradually 
decreased approaching AP+. 

Formation of crystalline AI(OHh from hydroxy
aluminum interlayers 

Differential thermal analysis provides a sensitive 
method for the detection of crystalline AI(OHh, as 

characterized by an endothermic peak near 300°C. 
The tendency for the interlayer AI to form AI(OHh 
is related (Table 4) to both the basicity and the 
volume of the original Al solution added, these two 
factors being interrelated. For example, when 
20 ml portions of solutions having NaOH/ Al molar 
ratios of 2·25 or below were added, no crystalline 
Al(OHh was detected even after aging was pro
longed to 3 yr. Nevertheless, when 100 ml of the 
same solutions were added, crystalline AI(OH)3 
was detected at a basicity 1·8 after 6 months and at 
a basicity 2·4 after 3 months. 

When identical solutions were allowed to age in 
the absence of montmorillonite, they became turbid 
after 6 months to I yr, and eventually Al(OHh pre
cipitated (Hsu, 1966). Therefore, in the presence of 
montmorillonite, the formation of AI(OH)3 from 
the hydroxy-aluminum interlayers is prevented, or 
at least much delayed, when a small amount of 
solution is added, whereas it is accelerated when a 
large amount of solution is added. 

DISCUSSION 

Diverse exchangeability of inter layer aluminum 
The results indicated that the interlayer AI in 

montmorillonite did not have a uniform extract
ability, some of it being difficultly extracted with 
N NaCI solution. Three possible mechanisms may 
be proposed to interpret this phenomenon: 

I. Part of the aluminum is precipitated as insolu
ble AI(OHh and thus difficultly exchanged with 
NaCI. Crystalline AI(OHh has been found in some 
samples (Tables I and 4); 

2. Different AI species are present in the original 
solution. Some species, such as polymers of 
basicity 2·5 and 2·7, may be held tightly by clay, 
whereas others, such as AJ3+, are rapidly ex
changeable; 

3. The exchange sites of this montmorillonite 
are not homogeneous in their strength in holding 
interlayer AI. 

The first two mechanisms are obvious from the 
results presented, but they are not adequate to 
interpret all the results. This report, therefore, 
emphasizes the significance of the third mechanism. 

The results indicated that non-exchangeable AI 
was also present in many samples in which crystal
line AI(OHh was not present. The sample prepared 
with the solution of basicity 0·6 is the most con
vincing example. From the results available, the 
most favorable conditions for the formation of 
AI(OHh are: high OH/AI ratio of Ollginal AI solu
tions; large amount of Al solution for a certain 
weight of clay; and a long time of aging. That the 
non-exchangeable Al is not present as crystalline 
AI(OHh in samples prepared with the solution of 
basicity 0,6 is obvious. 
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Table 4. Occurrence of crystalline AI(OH)3 in hydroxy-aluminum-
montmorillonite systems 

Basicity of Volume of AI Detection of AI(OHh during aging* 

AI solution solution added 2 6 10 8 2 3 
(ml) (weeks) (months) (years) 

0·6 20 
100 N.D. N.D. 
200 N.D. N.D. 

1·2 20 
100 N.D. N.D. 
200 N.D. N.D. 

1·8 20 
100 t t N.D. N.D. 
200 N.D. t N.D. N.D. 

2·25 20 
100 t t N.D. N.D. 
200 N.D. t N.D. N.D. 

2·4 20 t t t t 
100 t t t N.D. N.D. 
200 t t t N.D. N.D. 

2·55 20 t t t t 
100 t t N.D. N.D. 
200 t t t N.D. 

2·7 20 t t t t 
100 t t t N.D. N.D. 
200 t t t N.D. N.D. 

* - = No AI(OH)3 detected; t = AI(OHh detected; N.D. = not determined. 

If the composition of the original AI solution 
were the sole reason for the difference in ex
changeability, the following two phenomena should 
be observed: (a) when several samples are pre
pared from an identical solution but different 
volumes are added, the ratio of exchangeable to 
total interlayer Al should be constant, provided the 
amount of AI is not so large that all the Al enters 
the clay, and (b) the exchange charge inactivated 
should be proportionate to the amount of solution 
added. The results (Table 2) do not support either 
of these two possibilities. When the solution 
volume increased from 2 to 20 ml, the ratio of 
exchangeable AI to total interlayer Al increased 
from 4·6 to 43·4 per cent. Also, when the solution 
volume increased from 20 to 400 ml, the inactivated 
exchange charge increased from 26·9 to only 41·9 
meq/l00 g of clay. 

To complement these two mechanisms, the 
hypothesis that the exchange sites of montmoril
lonite are not homogeneous in their strength in 
holding interlayer AI is proposed. It has been 
shown by Marshall and his associates (1964) that 
in many clay minerals the surface is not homogene
ous in nature, and that at different positions the 

same kind of cation may be held with quite different 
strength. It is reasonable to suggest that the 
exchangeability of interlayer Al at different posi
tions may also be different. For convenience, the 
clay mineral surface may be schematically categor
ized as strong, moderate, or weak, on the basis of 
the strength of the clay to hold hydroxy-aluminum 
polymers. The AI polymers held by these positions 
are, respectively, non-exchangeable, slowly 
exchangeable, and rapidly exchangeable by a 
neutral salt solution. When a small amount of AI 
is present, all of it goes to the strong position and 
is thus nearly completely non-exchangeable. With 
an increasing amount of AI, more and more AI 
goes to moderate and weak positions and thus 
becomes slowly or rapidly exchangeable. 

Mechanism offixation 
It has been shown that the basicity of the non

exchangeable AI varied within the narrow range of 
2·5 and 2·7, regardless of the 0 H/ Al of the original 
solution and the solution/clay ratio in the sample 
preparation, provided that crystalline AI(OHh was 
not present. Turner (1965) also reported the species 
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of basicity 2·6-2·7 for four clay minerals including 
an Arizona bentonite. This suggests that the species 
of basicity in this range are favorably retained by 
the clay. According to the model of polymerization 
proposed by Hsu and Bates (1964a), the poly
merized hydroxy-aluminum species should be 
written respectively as [AI2iOH)6uP2+. 24H20 
and [AI54(OH)144P8+. 36H20. Other species of 
intermediate basicities are also plausible. The 
structures of these polymers resemble fragments of 
gibbsite, but the AI ions at the edge sites are only 
partially neutralized by OH-, which accounts for 
the source of positive charge. In montmorillonite, 
the arrangement of aluminum and oxygen atoms in 
the octahedral sheet is identical to that of gibbsite, 
and thus also identical to that of hydroxy-aluminum 
polymers. One negative charge is created when one 
Mg ion is substituted for one AI ion. Probably the 
polymer can be most tightly held when the negative 
charge distribution in the clay exactly matches the 
positive charge distribution of the AI polymer, but 
it can only be loosely held when the charge distri
bution of the polymers and the clay do not match 
each other closely. The gradual increase in non
exchangeable AI during aging probably is due to 
the changes in the size and basicity of AI polymers. 

On the basis of this interpretation, the basicity 
of the interIayer Al is related to the characteristic 
of clay but is not necessarily the same as those 
present in the original solution. Small Al polymers 
in the original solution may be enlarged to the units 
of basicity 2·5-2·7 in the presence of clay. On the 
other hand, in their study of AI-vermiculite system, 
Hsu and Bates (I 964b, Table 3) demonstrated that 
when vermiculite was treated with solutions of 
basicity 2·1 or lower, the basicity of the interlayer 
AI was only 2·0. When the same vermiculite was 
treated with AI solution of basicity 2·25 or above, 
the basicity of initial interIayer AI was high, but 
later, during aging, it gradually decreased, indicat
ing the gradual breakdown of polymer, although 
Hsu and Bates did not emphasize this point in their 
original report. The hydroxy-aluminum species of 
basicity 2 has been observed with Dowex-50 resin 
(Hsu and Rich, 1960) and with Wyoming mont
morillonite (Shen and Rich, 1962). In contrast, 
Ragland and Coleman (1960) favor the composition 
of AI(OHh, The significance of the clay minerals 
surface on the nature of interlayer Al has been 
emphasized by Thomas (1960). 

Formation of crystalline AL(OH),. 
It has been shown in a previous report (Hsu, 

1966) that when the positively charged hydroxy
aluminum polymers were countered by CI- ions, 
they were only meta-stable and tended to hydrolyze 
further and to polymerize into larger units, eventu-

ally forming AI(OHh, unless an extremely high CI
concentration was present. Further studies indi
cated that certain anions, such as sulfate and phos
phate, had a strong affinity for AI and could 
effectively prohibit the process of AI(OH)3 forma
tion by preventing the polymers from further 
hydrolysis. The retention of hydroxy-aluminum 
polymers by montmorillonite may be considered 
to be the formation of basic salts. Polymers held at 
various positions may be considered to be different 
basic salts. Thus, when a small amount of Al solu
tion is added, all of the Al goes to the positions that 
have a strong affinity for AI. The resultant AI inter
layer is stable, comparable to basic Al sulfate or 
phosphate, and no AI(OHh formed even after 
prolonged aging. When a large amount of AI 
solution is added, part of the AI goes to those 
moderate or weak positions. The products are only 
meta-stable, compared to basic aluminum chloride 
or perchlorate, and eventually are converted to 
AI(OHh, Others (Turner, 1965; Singh and Brydon, 
1967; Turner and Brydon, 1965 and 1967) found 
that a large amount of AI "precipitated" per unit 
weight of clay was an essential factor for the forma
tion of gibbsite. 

On the other hand, the exchange sites in clay 
may function as a templet which helps the conver
sion of small polymers to larger units and thus 
accelerates the formation of AI(OHh (Barnhisel 
and Rich, 1963; Jackson, 1963). In this case, the 
role of clay mineral is similar to the function of 
catalyst. 
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Resume- Un echantillon de montmorillonite (bentonite d'Arizona) a ete traite avec des solutions 
d'hydroxyde d'aluminium it bases differentes. Les emplacements d'echange de cations ne se montrent 
pas homogenes dans leur force de retention de polymeres d'hydroxide d'aluminium. Cette force peut 
etre minimale, en quel cas les polymeres d' Al ne sont que legerement tenus, ou, it I'autre extreme, tres 
importante, avec formation de complexes d'argile-AI en couches intermediaires stables. Lorsqu'on 
traite une quantite importante d'argile avec une petite quantite de solution, les polymeres ne sont 
tenus que dans des positions de forte affinite. Les polymeres sont difficiles a extraire avec des solutions 
de sels neutres et ne se transforment pas en AI(OHh cristallin avec Ie temps. Lorsqu'on traite une 
petite quantite d'argile avec une importante quantite de solution, les emplacements d'echange sont 
totalement occupes par des polymeres. Une partie d'entre eux est facile a extraire avec des solutions 
de sels neutres et se transforme avec Ie temps en AI(OHh. Ce contraste prend toute sa signification 
lorsqu'on essaie de comparer les resultats obtenus fans des conditions d'experimentation differentes et 
de mettre les experiences de laboratoire en correlation avec I'existence dans la nature de complexes de 
gypsite et d'argile-AI en couches intermediaires. 

Kurzreferat- Eine Proble von Montmorillonit (Arizona Bentonit) wurde mit Aluminumhydroxyd
losungen verschiedener Basizitat behandelt. Es wurde festgestellt, dass sich die Kationenaustausch
stellen dieses Tones in ihrem Festhaltevermogen fUr Aluminiumhydroxyd Polymere nicht homogen 
verhalten. Dieses Festhalteverm(jgen variierte von sehr schwach, wenn die AI-Polymere nur locker 
gehalten werden, bis zu sehr stark. wenn stabile Zwischenschichten von AI-Tonkomplexen gebildet 
werden. Bei Behandlung einer grossen Menge von Ton mit einer kleinen Menge Losung wurden die 
Polymere nur an Stellen starker Affinitat festgehalten; in diesen Fallen war es schwierig, die Polymere 
mit neutralen Salzlosungen zu extrahieren. und es ergab sich bei ausgedehnter Alterung keine Um
wandlung in kristallines AI(OH),.. Wurde hingegen eine kleine Menge von Ton mit grossen Mengcn 
Lusung behandelt, so wurden die Austauschstellen vollstandig durch Polymer besetzt; ein Teil 
dieser Polymere konnte ohne wei teres durch neutrale Salzlosungen extrahiert werden und veranderte 
sich wahrend der Alterung in AI(OH)". Dieser Gegensatz ist wichtig, wenn es darum geht, unter 
verschiedenen Versuchsbedingungen erhaltene Ergebnisse miteinander zu vergleichen , oder bei der 
Feststellung von Zusammenhangen zwischen Laboratoriumsversuchcn und natiirlich vorkommendem 
Gibbsit und zwischengeschichtetem AI-Ton. 
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Pe3IOMe-06pa3CIl MOHTMOplinnOHIHa (Apli30HcKoro 6CHTOHliTa) o6pa6aTbIBanii rli,lJ;pOKCIi

anlOMHHHCBblMH paCTBOpaMH pa3nHlfHOil OCHOBHOCTIi. ObInO 06HapYlKCHO, lfTO KaTHOHOo6MCHHblC 

MecTa :nOH rnHHbl HC O,lJ;HOPO,lJ;Hbl rro CHnc Y,lJ;CplKaHHH rH,lJ;pOKCH-anIOMHHHCBblX rronHMcpoB. 

CHna :)Ta 6bIna pa3HoH, HalfHHaH C OlfCHb cna6oH, KOTopaH nHilib cncrKa Y,lJ;CplKHBana rronHMcpbl 

AILlo OlfCHb cHnbHoH, Kor):{a o6pa30BblBanHcb YCTOHlfHBble rnHHHCTble KOMrrneKCbl C anlOMHHHeBblMH 

rrpocnoHKaMH. TaM, r,lJ;C KpyrrHoc KonHlfecTBo rnHHbl o6pa6aTblBanocb ManblM KonHlfeCTBOM pacT

Bopa, rronliMepbl Y,lJ;eplKHBanHcb TonbKO B MeCTax CHnbHoro CpO,lJ;CTBa. TpYLlHO 6bInO H3Bnelfb 

rrollHMepbl HeHMpanBHbIHH conHHbIHH pacTBopaHH H OHH HC rrpeBpaIIIanHcb B AI(OH)a B TelfCHHC 

rrpoLlonlKHTcnbHoro cTapcHHH. Kor):{a He6onbilioc KonHlfCCTBO rnHHbl o6pa6aTblBanocb KpyrrHblM 

KonHlfecTBoM pacTBopa, MCCTa o6McHa 6bInH COBCPlIICHHO 3aHHTbl rronHMcpaMH; lfaCTb 3THX 

rronHMcpoB ncrKO rroLlBcpranacb H3BnelfeHHIO HeHTpanbHblMH conHHblMH pacTBopaMH H B XO,lJ;C 

cTapcHHH rrpeBpaIIIanac bB Al(OH)3. KOHTpaCT 3TOT HBnHCTCH BalKHblM rrpH nlO6oH rrorrblTKt! 

cpaBHcHHH pC3ynbTaToB, ,lJ;OCTHrHYTblx B pa3Hblx ycnoBHHx 3KcrrcpHMeHTHpoBaHHH H LlnH corroc

TaBnCHHH rrpOBe,lJ;CHHH 3KcrrepHMeHToB B na6opaTopHH C 3ancraHHCM rH66cHTa Ii rnHHbl C 

anlOMHHHeBblMH rrpocnoHKaMH. 
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