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Ahstract 

In order to show the effect of amorphous. inorganic constituents amorphous aluminium 
silicate hydrates have been prepared by different methods. The amorphous particles have been 
added to different clay minerals and it has been established that the liquid limit and plasticity 
index of ilIite and kaolinite are increased. whereas those of bentonite is decreased bv the 
aluminium silicate added. -

When elaborating the soil-physical characteristics used in geotechnique, 
soil mechanics and pedology Atterberg showed (1911, 1913) that the various 
minerals occurring in soils behave differently under the effect of 'water in 
contact with them. Part of them become plastic under the influence of an 
appropriate amount of "water, another part keep their non-plastic property 
even when disintegrated to a suitable particle size. Mter the identification of 
clay minerals occurring in soil, their plastic properties have also been deter
mined. Simultaneously, attempts were made to derive correlations between 
the mineral composition and the physical properties of soils. Detailed investi
gations were carried out in this respect by Skempton (1953), Rosenquist (1953, 
1961) the most detailed by Bottero (1971). This latter was summarized by 
Giroud and Bottero (1972). 

Correlations between the mineral composition and rock-physical char
acteristics have also been sought by Hungarian experts by studying the 
properties of pure clay minerals: J. Pak6-Hegyi (1965), Szilvagyi (1970), 
Kovacs (1971), and on the other hand by clearing up the mineralic composi
tion of soils with known physical characteristics. In this respect a linear cor
relation has been found between the clay mineral content of the soil and its 

Atterberg limits by Hray and Bidl6 (1967), Bidl6 (1971), Simon and Bidl6 
(1975, 1976) and Farkas (1982). 

In the course of studies it was often observed that the physical properties 
of soils with identical crystalline phases differed significantly. This obser,-a
tion and the fact that by X-ray diffractography it is often not possible to find 
well-defined "base reflections", and only diffuse, unidentifiable reflections are 
present, lead to the conclusion that the amorphous components of soils should 
also be taken into consideration (Bidl6 et al. 1971). 
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The suhject "was of interest for the Scientific Research Center of Water 
Economics (VITUKI), hence they supported financially the studies concerning 
the effect of amorphous components in rocks. 

The first step in the study was to investigate the decomposition of soil 
minerals and the formation of the amorphous phase. Clay minerals and fcId
spars "were the ohjects of studies. Quartz has not heen studied as it disintegrated 
only in soil, hut cloes not hecome amorphous, neither cloes it decompose chemi
caIly. Structure changes due to mechanical disintegration were studied in 
detail by Juhasz (1982), thus we restricted our studies to amorphous mate

rials formed by chemical decomposition. 
It is well known that the dissolution of silicates is an incongruent pro

cess; the compo~ition of the solution is not identical with that of the starting 

material. 
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Fig. 1. Kaolinite from Szegi 
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Acid and basic dissolution of silicates is kno'wn from earlier studies (VendI, 
Takaes, 1933, VendI 1957, Bidl6 1964, 1976), thus the composition of solutions 
was known. However, there was no information available concerning the com
position and crystal structure of the precipitates forming by the neutraliza
tion of solutions. The first objective of our 'work was to clarify these questions. 

As starting materials, three kinds of clay minerals and a plagioclase feld-
spar of the albite type have heen chosen: 

1. Kaolinite (Fi g. 1) 
2. mite (Fig. 2) 
3. Bentonite (rnontmorillonite) (Fig. 3). 
All three samples were taken from the ZempJen lI.lountains in Northern 

Hungary. 
:1·. Plagioc1ase feldsp ar (alhite) (S·weden). 
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Fig. 2. IlIite from Fiizerradyany 
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Fig. 4. Amorphous aluminium silicate hydrate precipitated from the kaolinite 
solution 

Preparation of amorphous aluminium silicate hydrate 

Two methods have been applied for the preparation of amorphous alu
minium silicate hydrate!" from the four samples. In the first method, the 
samples were boiled in a 3.5 % hydrochloric acid solution for 30 min, the so
lutions filtered and neutralized to pH = 7. In the other method, the samples 
were boiled in a 4% sodium hydroxide solution for 30 min, then filtered and 
neutralized. The precipitates formed by neutralization were filtered, washed 
salt-free and dried. The precipitates proved to be X-ray amorphous, by 
thermogravimetry they could be identified as aluminium silicate hydrates 
(Figs 4 and 5). 

Their chemical composition is summarized in Table 1. 
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Fig. 5. Amorphous aluminium silicate hydrate precipitated from th(' bentonite 
solution 

Table 1 

Chemical composition of precipitates from acid dissolution 

Si0 2 

A1 20 3 

FC 20 3 

CaO 
MgO 
Ignition loss 
H,O 

From kaolinite 

75.89 
24.11 

X 

X 

From Blite From hentonite 

·B.05 

41.49 

14.03 
0.43 

X 

o· 
o 

13.S·t 

23.11 

11.02 
1-1-.35 
21.5,} 

26.50 

:Note: X = ignited samples were investigated 

Feldspar 

30.8·t 
52.25 

14.87 

X 

>( 
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The precipitate from the alkaline dissolution significantly differed from 
that characterized in Table 1 as is seen in Table Z. 

Larger amounts of amorphous aluminium silicate hydrate for studying 
the physical properties were prepared from sodium silicate solution and alu
minium chloride solution by mixing them at constant stirring. According to 
literature data, various precipitate compositions can be obtained by mixing 
the solutions in different ratios. This was proved also by our experiments 
(Table 3). 

In the first phase of experiments, in order to study their effect, amor
phous components had heen mixed mechanically to the pure clay minerals 
after their physical properties were determined. For a better mixing and in 
order to be able to carry out experiments 'with materials of different composi
tion,., the solution ohtained by the dissolution of clay minerals were neutral
ized in the presence of clay minerals, precipitating thus the amorphous alumi
nium silicate hydrate onto the clay mineral. By this method, natural proces
ses can be modelled better. As a consequence, the chemical composition of the 
material has changed, but at the same time, the mass decrease at 550 cC also 

increased which is the measure of the amount of clay minerals in thermogra
vimetric experiments (Table 4, Figs 6,7, 8, 9 and 10). 

Thus for the determination of soil physical characteristics the original 
clay mineral. a mechanical mixture of clay mineral and amorphous aluminium 

Table 2 

SiO" and Al"O" content of precipitates formed hy a 30 mill 
boiling: of the clay mineral" in a .t% :\'aOH ,olution 

:h:aolinit;:- lliit(' Bt:'ntonite 

" " -----.-------~~ 

SiO" 39.59 U.21 56.39 
AleOo ..,0 -~ 

_0.;).) 35.73 1.51 
Ig:nition loss 20.66 13.U 

::\ote: 

Table 3 

Chemical composition of the precipitates formed OIl the 
mixing: of sodium silicate and AlCI" 

Equal ratio 

SiO" 21.31% 
A1 20 3 21.92o,~ 
Ignition loss 33.89% 
Alkali 22.88% 

Exce:os 'water 
gIas:, 

63.48% 
12.13~~ 

19.16% 
5.23°{, 

Excc,; AIel, 

49.63~~ 

23.33% 
26.54% 

0.58% 



220 G. BIDLO 

---- .. -._._ ..... -

OTG 1/5 

orA 1/10 t,050 

Fig. 6. Kaolinite dissoh'ed in dilute HCI ,md lwntrajizea 

Table 4 

Change in the compo-ition of clay minerals as the result of precipitation 
of amorphous aluminium silicate hydrate onto them 

Raolinite (O~)) lllite (On) Bcntollit(' (O,d 
-----------

original plated original plated original plated 

SiO, ·~5.9:; ·1·5 .. 51 58.69 ;)8.32 ·n.09 53.48 
A1003 37.6·1· 37A9 30.31 30A8 2.).06 21.1:3 
CaO 0.91 l.01 3.83 3.18 
}IgO 1. 73 1.11 3.17 6.02 
Ignition loss 12.20 l·UO 3.;0 ·~.30 6.40 4·AO 
}lin. cont. 87.14 92.85 70.00 86.00 72.00 76.00 

----~----
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Fig. 7. Kaolinite dissoh·ed in dilute :'\aOH and neutralizr-d 

~iljcate hydrate, a mixture prepared hy the precipitation of the amorphous 
aluminium silicate hydrate onto the clay mineral and the amorphous aluminium 
silicate hydrate werE' availahle. 

Soil-physical studies 

Soil-physical studies have been carried out III the laboratory of the 

Scientific Research Centt'r of Water Economics (VITUKI) under the leadership 
of G. Vastagh (1982). An additional sample, a mixture of amorphoU8 and crystal
line material has also heen prepared so that aluminium silicate hydrate has 
been formed from sOllium silicate and aluminium chloride in the presence of 
clay mineral at constant stirring. This material is called in Table;) "plated", 
whereas the one ohtained hy the dissolution of k aolinite is called "precipitated". 
From the data in the Tahle ;) it is seen that in the case of kaolinite, the 
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Fig. B. TlEt" di,osohed in dilute HC! "nd llf'lltralized 

amorphous material increases the liquid limit and the plasticity inde~,;:, for 
illite the effect is only a change in the plasticity index. It is especially inter
esting that the presence of the amorphous material decreases the liquid limit 
and the pla;,ticity index for bentonite. 

It has also heen clarified that amorphous aluminium :;:ilicate hydrate can 
he detected hy thermogravimetric measurements. The appearance of amor
phous material can he obser,-ed on all the derivatographic curves. On the DTA 
curve of kaolinite a ·water desorption peak appears at a low temperature other

wise not detectahle and the temperature of lattice destruction is also reduced 
(Figs 6 and 7). The curves for illite (Fig. 8) and hentonite (Figs 9 and 10) 
also change significantly, which change refers to thc presence of amorphous 
material. 

As it has already heen mentioned, the amount of amorphous silicate 
hydrate cannot be determined unequivocally from the mass decrease, as at 
the temperature of lattice destruction a larger decrease is measured than in 
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Fig. 9. Bentonite dissoh-ed in dilute HCI and neutralized 

Tahle 5 
Atterberg values of the mixtures from clay minerals 

and amorphous aluminium silicate hydrate 

WL (%) Ip (%) 5 (g!cm') 

Kaolinite from Szegi 47.2 14.2 2.64 
+ precipitated AISi-ate 50.8 17.0 2.60 

+ mixed AISi-ate 54.8 18.5 2.61 

IIlite original 85.0 59.4 2.73 
+ precipitated AlSi-ate 87.9 59.4 2.75 
+ mixed .,uSi-ate 86.4 82.9 2.76 

Bentonite 434.4 400.4 2.88 
+ plated AISi-ate 297.5 244.2 2.63 

+ mixed AlSi-ate 339.6 297.3 2.66 

A1Si-ate hydrate 251.8 30.3 
After drying 153.1 14.6 2.50 
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Fig. 10. Bentonite dissolved in dilute NaOH and neutralized 

the original material. This is especially striking if the amorphous material is 
prepared from the minreal itself, which fact may be explained by the phenom
enon that the chemical processes bring hydroxy-groups into the lattice ,vhich 
decreases the stability of the lattice and increases the mass decrease. 

The presence of amorphous material plays an important role in near
surface motions. Farkas has established (1982) that an about 0.5 cm thin 
layer formed on the top of clay layers, initiates this motion and serves as a 
gliding plane. In a sample from Gyongyosvisonta we succeeded in separating 
and studying this layer (BidI61983). It could be established that its clay min
eral content determined by thermogravimetry is significantly higher than 
that in the underlying clay, despite the almost identical DTA curves of the 
two materials (Figs II and 12). 

Summarizing, it can be established that amorphous aluminium silicate 
hydrate - depending on its amount - influences the Atterberg values of 
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clay minerals and thus the stability of constructions as well. The minerals in 
the soil decompose to amorphous aluminium silicate hydrates under the effect 
of various chemical processes, hence these processes should be followed by 
special care for environmental protection reasons. 
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