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Abstract- A study was conducted to (l) determine the conditions ofhydroxy-Mg interlayer formation 
with respect to . type of clay mineral, acidity, and time; (2) evaluate the stability of this interlayer to 
dissolution treatments; and (3) ascertain the effects of such treatments upon the determination of clay 
minerals in soils and sediments. Hydroxy-Mg interlayers were formed in montmorillonite and vermicu­
lite by adding MgCI2 and NaOH in amounts to give a wide range of pH. The resulting chlOJitic 
intergrades were examined after 10 days, 6 months, and 1 yr. 

Alkaline conditions favored the formation of hydroxy magnesium interlayers in phyllosilicates. 
Hydroxy-Mg interlayered montmorillonite which resulted from 10 days equilibration at pH 10·4 did 
not expand upon solvation with ethylene glycol and exhibited practically no collapse after K-saturation 
and heating at 550°C. A small amount of interlayer was formed between pH 6·8 and 9·8 (10 days). 
In contrast, vermiculite exhibited no evidence ofinterlayerformation at pH values up to 9· 7 (10 days). 
Chloritic intergrades formed at pH 10·7 did not collapse after K-saturation and heating at 300°C but 
did so at 550°C. Hydroxy-Mg interlayers were not formed in either mineral by using a drying method. 
This method apparently failed to provide the required alkaline conditions for interlayer formation. 

The amount of magnesium interlayers present in the phyllosilicate systems decreased with time. 
The interlayers formed in vermiculite decreased more sharply than those in montmorillonite. 

Sequential dissolution treatments included boiling 2 per cent Na.C03, buffered sodium citrate­
dithionite, a second citrate-dithionite treatment, and boiling NaOH. Hydroxy-Mg interlayers in 
montmorillonite exhibited a higher stability to sequential treatments than the interlayers formed in 
vermiculite. A stable 14 A line was observed in interlayered montmorillonite after the dithionite­
citrate and NaOH treatments. 

The interlayers in montmorillonite showed a relatively high stability to HCI dissolution treatments. 
In contrast, most of the magnesium interlayer in vermiculite was removed by two HCl washings. 

The reagents used in this study are sometimes used to remove coatings and cementing agents from 
soil surfaces prior to particle size and clay analysis. The present data show that these treatments also 
remove some hydroxy-Mg interlayers and produce changes in properties of clays. A proper interpre­
tation of data for clay mineral identification and characterization must recognize these changes due to 
treatment. 

HYDRoxY-Mg interIayers in phyllosilicates would 
be expected to occur in soils (Brydon, et at., 1961) 
and marine sediments (Rich, 1968), but they have 
received little attention compared to aluminum 
interlayers. Singleton (1965) reported the presence 
of hydroxy-Mg in addition to hydroxy-AI and -Fe 
in the interlayer space of clays from the Lookout 
series in Oregon. The formation of secondary 
chlorite in the dark magnesium clay soils of Hawaii 
and in Grumusols (Ladybrook Series) of Queens­
land, Australia, was related to the hydroxy-Mg 
interlayering in montmorillonite (Jackson, 1959). 
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The presence of inter layered dioctahedral vermicu­
lite, believed to contain at least some Mg-interlayer, 
and its relationships to the genesis of heat-stable 
chlorite were reported in Rappahannock estuary 
(Nelson, 1960), Neuse River of North Carolina 
(Brown and Ingram, 1954), and Chesapeake Bay 
area (Powers, 1954). 

Synthetic hydroxy-Mg interlayers were prepared 
in montmorillonite by Caillere and Henin (1949) , 
Youell (1960), Slaughter and Milne (1960), and 
Carstea (1965, 1967). Caillere and Henin (1949) 
converted a montmorillonite into a chlorite-like 
structure by adding ammonium hydroxide to a 
MgC12-montmorillonite suspension. The new mont­
morillonite-hydroxide complex exhibited d001 spac­
ings of 17·6 A with the initial humidity offormation, 
15'2 A when dried in air, and 14·1 A when dried at 
105°C. Unlike chlorite, the resulting 14 A clay 
mineral was unstable to 5 per cent hydrochloric 
acid or to heating at 350°C. Youell (1960) was able 
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to introduce up to five layers of brucite between 
montmorillonite sheets by using MgCl2 and hy­
droxyls supplied electrolytically. Slaughter and 
Milne (1960) prepared Mg(OHkmontmorillonite 
by a slow and simultaneous addition of NaOH and 
MgCI2 to a dilute clay suspension. Aging and dehy­
dration were required to develop a chlorite-like 
structure with one brucite sheet between each 
montmorillonite layer. Synthesis of Mg-interlayers 
in vermiculite has not been previously reported. 

The objectives of the present study were to (1) 
determine the conditions of hydroxy-Mg interlayers 
with respect to type of clay mineral, acidity, and 
time; (2) evaluate the stability of such interlayers 
to a series of sequential dissolution treatments; and 
(3) evaluate the implications on methodology and 
criteria for clay mineral identification. 

EXPERIMENTAL MATERIALS AND METHODS 

Materials 
The less than 2M size fraction of montmorillonite 

11 (Ward's Natural Science Establishment, Inc.) 
from Santa Rita, New Mexico, and the 50-211- frac­
tion of Mrican vermiculite from Perlite Company, 
Portland, Oregon, were used in the study. The 50-
211- fraction of Prochlorite 6 (Ward's Natural 
Science Establishment, Inc.) from Chester, Ver­
mont, was used for comparison. The bulk samples 
of the above materials were boiled with N~C03 
prior to size separation (Jackson, 1956). The mica 
component present in the silt sized vermiculite 
was converted to vermiculite by treatment with 
NaCI (Rich, 1960: Carstea, 1965). These treat­
ments were necessary in order to obtain essentially 
mono-mineralic systems as starting material. The 
properties of the "cleaned" samples prior to inter­
layer formation were typical for these types of 
minerals (Table 1 (a». 

Homoionic systems were prepared by five wash­
ings with appropriate 1 N chloride solution. The 
soluble salts were removed by two washings with 
distilled water followed by washings with ?9% 
methanol. 

I nterlayer formation 
The hydroxy-Mg interlayers were prepared 

according to a method described by Slaughter and 
Milne (1960) and Carstea (1965, 1968). This is 
hereafter referred to as the titration method. A 
constant amount of MgCl2 (16 me/g) and variable 
amounts of NaOH were simultaneously added to 
the dilute clay suspensions with continuous and 
vigorous stirring in order to obtain a wide range of 
pH values. In the first set of experiments, the sam­
ples were shaken twice daily for 10 days. The pH 
values were measured after one minute and after 
10 days with a Beckman model G pH meter. X-

ray diffraction patterns were obtained at the end of 
the 10-day period. In order to test the effect of time, 
a second series of experiments was conducted in 
which the samples were equilibrated up to 1 yr 
with occasional shaking. Cation exchange capaci­
ties, pH values , and interlayer spacings were 
measured periodically. 

The effect of drying upon interlayer formation 
was tested by drying 0 ·25 g portions of Mg- or Ca­
saturated montmorillonite or vermiculite at 80°C in 
the presence of MgCI2 for periods ranging from 4 hr 
to 10 days. The amounts of added · MgCI2 varied 
from I me Mg2+/g to 16 me Mg2+/g. 

I nterlayer stability to dissolution 
Sequential treatment. Clay-size montmorillonite 

and silt-size vermiculite which had been aged for 6 
months under different conditions of acidity were 
withdrawn and subjected to a series of progressive 
dissolution treatments designed to test the stability 
of hydroxy-Mg interlayers. Standard clay minerals , 
without interlayers , were similarly treated in order 
to assess the extent to which the clay matrices were 
affected by the selected treatments. The treatments 
chosen to represent a range of increasing severity 
of dissolution were: boiling 2% sodium carbonate 
(Jackson, 1956), buffered sodium citrate-dithionite 
(Aguilera and Jackson, 1953), and boiling in 0 ·5 N 
NaOH (Hashimoto and Jackson, 1958). X-ray dif­
fraction patterns and exchange capacities were 
obtained after each treatment in the sequence. 

ReI treatment. Portions of about 0·5 g samples 
of the interlayered clays which had been equili­
brated for 6 months were treated with 40 ml of cold 
0·1 N HCI. The stoppered plastic cups were shaken 
for 20 min, centrifuged, and the excess acid was 
poured off. Following two washings with distilled 
water, subsamples were Ca- and K-saturated for 
X-ray diffraction analysis and exchange capacity 
measurements. The HCI treatment was repeated 
and subsamples were again analyzed as above. 
Standard clay minerals, without synthetic inter­
layers, were similarly treated and were used for 
comparison. 

Analyses 
Oriented Ca- and K-saturated specimens 

(Thiesen and Harward, 1962) were first air-dried 
and then dried at 65°C for 2 he. X-ray diffraction 
patterns were obtained using CuKa radiation. Ca­
saturated specimens were solvated by condensa­
tion of ethylene glycol vapor (Kunze, 1955) and 
again analyzed. K-saturated were heated for 2 hr 
in a muffle furnace at 300°C and 550°C before 
additional diffraction analyses. 

Cation exchange capacity was measured by 
Rich's method (1961) with the modification that 
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Table I. Properties of standard clays: (a) as initially used in experimental work 
(prior to interlayer formation); (b) same as (a) but with sequential dissolution 

treatments; (c) same as (a) but with two HCI treatments 

I st Order basal spacing (A) 
X-ray pretreatments 

Ca K K K CEC 
Materials Solv. 6SoC 300°C SSO°C (me/lOO g) 

(a) Prior to interlayer formation 
Montmorillonite 

« 2p-) 17·3 ]]·9 10·1 9·9 108 
Vermiculite 

(SO-21J.) IS·2 10·3 10·2 10·1 IS2 
Chlorite 

(50-21J.) 14·2 14·2 14·2 14·2 2 

(b) After sequential dissolution treatments 
Montmorillonite 

« 21J.) 16·9 12·1 10·2 9·8 116 
Vermiculite 

(SO-21J.) IS ·2 10·1 10·0 9·9 172 
Chlorite 

(SO-21J.) 14·0 14·0 14·0 14·0 8 

(c) After HCI treatment 
Montmorillonite 

« 21J.) 17·2 12·3 11·8 9·8 88 
Vermiculite 

(50-21J.) IS·2 IO·S 10·4 10·0 133 
Chlorite . 

(SO-21J.) 14·0* 14·0 14·0 14·0 IS 
IS·6 

*Where two peaks were observed, the more prominent one is given first 
and underlined. 

sodium was substituted for magnesium as the re­
placing cation (Carstea, 1967). Aliquots of NaCI 
extractions were titrated with cyclohexanediamine 
tetraacetic acid (CyDTA) using calcium as an 
indicator (Carlson and Johnson, 1961). 

FACTORS CONTROLLING INTERLAYER 
FORMATION 

The formation of hydroxy-Mg interIayers in 
phyllosilicates is pH dependent (Tables 2 and 3). 
Unlike aluminum and iron interlayers (Carstea, 
1965, 1967), the formation of magnesium inter­
layers was favored by alkaline conditions. The 
initial formation and subsequent changes of inter­
layers over time were accompanied by decreases in 
pH values (Tables 2, 3 and Fig. 1). These decreases 
were larger for montmorillonite than vermiculite 
systems. Significant pH decreases were noted 
between 6 months and 1 yr of equilibration 

CCM Vol. 18 No. 4-C 

(Fig. I). In the past, decreases in pH have been 
taken as indicators of hydroxy-AI formation 
(Ragland and Coleman, 1960) or hydroxy-Fe inter­
layer formation (Carstea, 1965, 1967). The results 
of this study show that decreases in pH do not 
always correlate with the amount of hydroxy-Mg 
inter layer in phyllosilicates; continued decrease in 
pH with time was. accompanied by decomposition 
of the magnesium interIayers. 

The hydroxy-Mg interlayers were formed only 
by the titration method. There was no interlayer 
formation by drying in the presence of neutral salt 
(data not shown). This was probably due to insuf­
ficient alkalinity since pH values above 8 were 
required even when NaOH was added (Tables 2 
and 3). Generally, larger amounts of interlayers 
were formed in montmorillonite than in vermiculite. 

Magnesium-interlayered montmorillonite equili­
brated at pH 10·4 (10 days) closely resembled 
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Table 2. Influence of pH upon hydroxy-Mg interlayer formation in montmorillonite­
titration method 

1st Order basal spacing (A) 
OH/Mg X-ray pretreatments Degree of 
solution pH Ca K K K interlayer 

ratio 1 min 10 days Ca solv. 65°C 300°C 550°C formation * 

Checkt 15·2 17-3 11·9 10·3 9·9 
0·00 6·2 6·0 15·2 17-2 12·1 11-3b:j: 10·0 
0·10 7·0 6·8 15·2 17-2 12·1 1I·3b 10·0 
0·20 7·8 7·6 15·2 17·2 12·8 11·8b 10·3 
0·42 9·1 8·8 15·2 17·2 13·2 12·1 11-Ob 
0·62 10·1 9·8 15·2 16·4 15·1 14·2 12·9b 
1·25 11·1 10·4 15·2 15·5 15·2 14·5 14·5b 
2·13 12·0 11·7 15·0 16·3 15·0 13·6b 12·6b 

* Arbitrary scale with 0 being none and 5 being most marked. 
tCheck..,.. standard mineral prior to hydroxy-interlayer formation. 
:j:b- stands for broad. 

Table 3. Influence of pH upon hydroxy-Mg interlayer formation in 
vermiculite - titration method 

1st Order basal spacing (A) 
OH/Mg X-ray pretreatments Degree of 
solution pH K K K interlayer 

ratio I min 10 days 65°C 300°C 550°C formation * 

Checkt 10·3 10·3 10·2 0 
0·00 7·1 6·8 10·3 10·3 10·2 0 
0·02 8'6 8·3 10·4 10·3 10·2 0 
0·06 9·1 8·9 10·6 10·4 10·3 0 
0·23 10'0 9·7 14·2 14·2 10·4 3 

1l·5b:f: 
1·18 11·1 10·7 14·7 14·2 1O·5b 4 

* Arbitrary scale with 0 being none and 5 being most marked. 
tCheck - standard mineral prior to hydroxy-interlayer formation. 
:j:b - stands for broad. 

0 
0 

1 
2-3 
4 
5 
3-4 

natural chlorite. It did not expand upon solvation 
with ethylene glycol and exhibited practically no 
collapse after heating at 300°C and 550°C. Between 
pH 6·8 and 9·8 (10 days), the material expanded 
fully or almost fully, but it exhibited increasing heat 
stability as the pH of equilibration increased. 

tion and heating at 65°C and 300°C. However, this 
material collapsed following heating at 550°C. 

The data clearly show that under the proper 
conditions, Mg-hydroxy interlayers can be formed 
in both montmorillonite and vermiculite systems. 
Unfortunately, they do not provide an insight into 
the mechanism and most explanations are 
speculative. 

Unlike montmorillonite, vermiculite showed no 
signs of interlayering up to pH 9·7 (10 days). At 
this pH value, the magnesium interlayers produced 
moderate resistance to collapse at 300°C. The 
intergrade material resulting at pH 10·7 (10 days) 
showed chlorite-like properties following K-satura-

Slaughter and Milne (1960) hypothesized that 
magnesium hydroxide precipitated first in the sus­
pension and subsequently was adsorbed in the 
interlayer space of montmorillonite through hydro-
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EQUIl. MONTMORILLONITE VERMICULITE 

Co K K 
pH C.E.C. + 

SOlV. 
pH C.E.C. + + 

65°C 300°C 

II I I 

10 DAYS 10·2 

6 MONTHS 9·8 61 

~~ 
11th I I I 

II I I 

'h'Th1 

9·7 

9·1 95 

I I I I 
A i I I 
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I I I I 

ti ~. '[ h i A I 
I I I 
II I I 

1 YEAR 7'7 59 Tlih 8·5 145 

1714 1410 14 10 1410 
o 

BASAL SPACING (A) 

Fig. 1. X-ray diffraction patterns of Mg-interlayered montmorillonite and vermiculite 
after different periods of time. (CEC = cation exchange capacity, me/IOO g). 

gen bonding. In contrast, Caillere and Henin (1949) 
advanced the idea of direct precipitation and ad­
sorption of brucite-like material in the interlayer 
position of montmorillonite. The chloritic inter­
grades* obtained in this study from both mont­
morillonite and vermiculite exhibited various 
degrees of completeness as a function of pH. The 
hydroxy-Mg interlayers in montmorillonite were 
formed in slightly alkaline conditions. This would 
suggest that MgOH+ as an intermediate step toward 
hydroxide formation can be important in the forma­
tion of interlayers. The formation of such basic ions 
would provide for an interlayer with a positive 
charge in balance with the negative charge of the 
silicate surface. The resulting ionic bonds are 
stronger than the hydrogen bonds of an uncharged 
interlayer. Chaussidon (1963) stated that divalent 
cations could behave as monovalent ions at pH in 
the vicinity of to. Turner and Brydon (1962) re­
ported that magnesium forms insoluble double 
hydroxides with either aluminum or ferric ions at 
lower pH than the one necessary to form simple 
magnesium hydroxide. A co-precipitation of 
double hydroxides at lower pH is, therefore, likely 
to occur in nature. 

Time 
After a to-day period of equilibration, the X-ray 

diffraction patterns revealed the existence of ex-

*The term "chloritic intergrade" refers to a system with 
properties intermediate between chlorite and vermiculite 
or smectite. 

pandable arid non-expandable phases in magnesi­
um-interlayered montmorillonite (Fig. 1). Following 
6 months of equilibration, the material regained its 
full expansion upon solvation and exhibited only a 
partial collapse at 300°C. No significant changes in 
basal spacings or cation exchange capacity were 
noted between 6 months and 1 yr. By analogy to 
aluminum interlayers (Bamhisel and Rich, 1963), 
it is speculated that hydroxy-Mg moved outside the 
interlayer surfaces and deposited as hydroxide. In 
material prepared at pH 11·6 (10 days), the mont­
morrilonite structure was destroyed following 6 
months equilibration (not shown). 

The hydroxy-Mg interlayers in vermiculite were 
even less stable with time than those in montmoril­
lonite. Following 1 yr equilibration, the material 
showed the properties of typical vermiculite. 

Type of clay mineral 

The greater degree of hydroxy-interlayer forma­
tion observed here for montmorillonite than for 
vermiculite is consistant with structural considera­
tions. This is primarily attributed to the differences 
in the amount and location of charge for these 
minerals (Carstea, 1968). Montmorillonite has a 
lower CEC than vermiculite (Table 1). Further, 
montmorillonite has a substitution of magnesium 
for aluminum in the octahedral layer whereas 
vermiculite has a substitution of aluminum for sili­
con in the tetrahedral layer. It is expected that 
vermiculite would have a smaller interlayer space 
than montmorillonite at the time of hydroxy inter-
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layer preparation because the charge density of 
vermiculite is higher. 

Particle size is also important since, at compar­
able charge densities, the time required for cations 
or polymers to reach the middle of the interlayer 
space increases with increasing particle size. Simi­
larly, at comparable particle size, the degree of 
interlayering with hydroxy-AI and -Fe was higher 
for montmorillonite than vermiculite because of the 
differences in charge densities (Carstea, 1968). 
In the present study, clay-montmorillonite and silt­
vermiculite were used. The long term experiments 
with hydroxy-Mg interlayer formation makes pos­
sible the comparison between the two minerals 
regarding the degree of interlayering. A close in­
spection of these results revealed a consistency 
with previous experimental findings and with 
theoretical considerations. 

EFFECTS OF CHEMICAL TREATMENTS ON THE 
STABILITY OF INTERLA YERS 

Sequential treatments 
In order to facilitate the interpretation of data, 

the assumption was made that removal of hydroxy 
interlayers was independent of amount of interlayer 
present and dissolution was dependent only on the 
type of clay mineral. This assumption was necessary 

since different amounts of interlayers were prob­
ably present in the various samples prior to 
sequential treatments. 

It is also desirable to define two terms as used in 
this section. Standard clays refer to samples which 
were not treated and not equilibrated for interlayer 
formation. Checks refer to samples which were 
treated and equilibrated for hydroxy interlayer 
formation but prior to treatment for dissolution. 

X-ray diffraction data revealed practically no dif­
ferences between untreated standard samples and 
standard samples subjected to sequential treat­
ments (Table 1, (b)). There was a slight increase in 
cation exchange capacity (CEC) for all standard 
minerals following the dissolution treatments, in­
dicating some natural interlayers or diluents may 
have been removed. 

The stability of hydroxy-Mg interlayer in mont­
morillonite was greater than that of vermiculite 
(Fig. 2). Except for the boiling NaOH treatment, 
the sequential treatments produced only minor 
changes in basal spacings and CEC of interlayered 
montmorillonite. A 14 A peak, indicative of a 
chloritic component, was recorded in addition to 
strong to A lines after NaOH treatment. The 14 A 
lines occurred in samples that previously contained 
randomly interstratified systems as indicated by the 

SEQUENTIAL 
TREATMENTS MONTMORILLONITE VERMICULITE 

CHECK 

BOILING No,C03 

1st DITHIONITE. 
CITRATE 

2nd DITHIONITE-
CITRATE 

BOILING NoOH + 
DITHIONITE.CITRATE 

K K 
C.E.C. + + 

550°C 300°C 

61 tb II 

62 mffi tn II 
67 

II IN II I I 

~~ 
69 

74 I I I I 
I I I I 
I I I I 

1410 1410 

K K 
C.E.C. + + 

550°C 65°C 

95 

fu~ 108 

121 th+: 
I I I 

158 I AI ~ 
~I 

160 -Vh~ 
I I I 

1410 10 

° BASAL SPACING (AJ 

Fig. 2. X-ray diffraction patterns of Mg-interlayered montmorillonite and vermiculite 
after sequential dissolution treatments. Checks refer to samples which were treated 
and equilibrated for hydroxy interlayers formation but which were not treated for 

dissolution (CEC = cation exchange capacity, mel 100 g). 
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intermediate position of the X-ray diffraction peaks. 
The sequential treatments progressively removed 
the amorphous coatings and the labile interlayers 
and resulted in increases in the intensity of the 
diffraction peaks. 

The second dithionite-citrate treatment was 
effective in removing the hydroxy-Mg interlayer 
from vermiculite (Fig. 2). Following this treatment, 
the material exhibited a high degree of collapse and 
high CEC. The boiling NaOH treatment produced 
no visible changes in basal spacings and CEC. 

existed in situ. The other subsample is subjected to 
additional treatments to remove hydrous oxides, 
allophanic and other amorphous constituents. 
Analysis of this sample provides information on the 
stability of hydroxy interlayers present and the 
nature of the phyllosilicate matrix. 

HCl treatment 

The data show that hydroxy-Mg interlayers are 
removed by chemical treatments which are com­
monly used alone or in combination for dispersion 
and particle size separation prior to diffraction 
analysis. We have therefore adopted the practice 
of using two sUbsamples for routine identification 
and characterization of clays in soil samples. One is 
subjected to a mild treatment, namely carbonate 
and organic matter removal, and the clay fraction 
is separated by using dilute N~C03 (Jackson, 
1956, pp. 32-36 and 123-146). This sample most 
closely reflects the nature of the clays as they 

The effects of HCl treatment upon standard clay 
minerals are presented in Table I, (c). Montmoril­
lonite and vermiculite showed significant decreases 
in CEC, while the CEC of chlorite increased sharp­
ly. The X-ray diffraction patterns revealed practi­
cally no changes of basal spacings for vermiculite, 
moderate resistance to collapse at 300°C for mont­
morillonite, and the occurrence of an expandable 
phase in chlorite. The expandable phase, as indi­
cated by the appearance of a 15·6 A peak, resulted 
from a partial degradation of the brucite interlayer 
following the HCl treatments. 

Hydroxy-Mg interlayers in montmorillonite 
were more stable than those in vermiculite (Tables 
4 and 5). Following two HCI washings, some inter-

Table 4. Influence of 0·1 N HCI treatment upon hydroxy-Mg 
interlayer in montmorillonite (pH = 9·8 after 6 months) 

1 st Order basal spacing (A) 
X-ray pretreatments Degree of 

Sequential CEC K K interlayer 
treatments (me/lOOg) 300°C 550°C removal 

Check * 61 12·5 v.b.t 12·5v.b. 
FirstHCl 77 12·5 b:j: 10·2 Slight 
SecondHCI 84 12·6 10·2 Slight 

*Check-interlayered material after 6 months equilibration 
and prior to HCI treatment. 

tv. b. - very broad. 
:j:b.-broad. 

Table 5. Influence of 0·1 N HCI treatment upon hydroxy-Mg 
interlayer in vermiculite (pH = 9·1 after 6 months) 

Sequential CEC 
treatments (mel 1 00 g) 

Check' 

First HCl 
SecondHCI 

95 

133 
148 

1 st Order basal spacing (A) 
X-ray pretreatments 

K K 
300°C 550°C 

14·2t 
11·8 
11·2 
10·3 

10·6 
13·0 
10·6 
10·2 

Degree of 
interlayer 
removal 

Strong 
Strong 

* Check - interlayered material after 6 months equilibration 
and prior to H CI treatment. 

tWhere two peaks were observed, the more prominent one is 
given first and underlined. 
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layers still remained in montmorillonite as indicated 
by resistance to collapse at 300°C and by CEC. In 
contrast, practically all interlayer was removed 
from vermiculite by the HCl treatment as indicated 
by collapse of vermiculite upon K-saturation. 

SUMMARY 
Larger amounts of hydroxy-Mg interlayer were 

formed initially in montmorillonite than in vermicu­
lite. The interlayers in montmorillonite also ex­
hibited higher stability to dissolution than the 
interlayers in vermiculite. 

The formation of interlayer was strongly depend­
ent upon pH, time and type of clay mineral. The 
interlayer in vermiculite was formed only in alkal­
ine conditions (pH> 10·0). Although some inter­
layers were formed in montmorillonite at a pH as 
low as 6·8, the full development of Mg-interlayer 
occurred at pH of 10·4. The resulting interlayered 
montmorillonite closely resembled chlorite. 

The amount of interlayers in both minerals de­
creased with time of equilibration but the decrease 
was more pronounced in vermiculite than in 
montmorillonite. 

Except for the boiling NaOH treatment, all the 
sequential treatments produced only minor changes 
in basal spacings and CEC of the interlayered 
montmorillonite. A 14 A peak upon K-saturation 
and heating, indicative of chloritic components, was 
recorded in addition to strong loA lines following 
the NaOH treatment. In contrast, the second 
dithionite-citrate treatment removed practically 
all the synthetic interlayers from vermiculite. 
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Reswm!- Une etude a ete effectuee pour (1) determiner les conditions de la formation des couches 
intermediaires d'hydroxyle de magnesium par rapport au type d'argile, de I'acidite, et du temps; 
(2) evaluer la stabilite de cette couche intermediaire envers les traitements de dissolution et (3) 
constater I'effet de ces traitements sur la determination des mineraux argileux dans les sols et les 
depots. Les couches intermediaires d'hydroxyle de magnesium sont formees dans la montmorillonite 
et la vermiculite par l'addition de MgCI2 et de NaOH en quantites suffisantes pour donner une grande 
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gamme de pH. Les qualites intermediaires chloritiques qui en resultent ont ete examinees apres dix 
jours, six mois et un an. 

Les conditions alcalines ont favorise la formation des couches intermediaires d'hydroxyle de 
magnesium dans les phyllosilicates. La montmorillonite exhibant des couches intermediaires 
d-hydroxyle-Mg a partir de dix jours d'equilibrage a un pH de 10,4 ne s'est pas dilatee en solvatation 
avec de l'ethylene glycol et ne presentait aucune rupture apres saturation de K et chauffage a 550°C. 
Une petite quantite de couche intermediaire s'est formee entre un pH de 6,8 et 9,8 (dix jours). Par 
contraste, la vermiculite ne presentait aucune evidence de la formation de couches intermediaires aux 
valeurs de pH inferieures a 9,7 (dixjours). Des grades intermediaires chloritiques formes a un pH de 
10,7 n'ont montre aucune rupture apres saturation de K et chauffage a 300°C, mais se sont brises 
a 550°C. Aucune couche intermediaire d'hydroxyle-Mg ne se formait dans les mineraux quand on 
employait une methode de sechage. Cette methode ne semble pas avoir fourni les conditions alcalines 
necessaires pour la formation de couches intermediaires. 

La quantite de couches intermediaires de magnesium presentes dans les systemes de phylIosilicates 
diminuait avec Ie temps. Les couches intermediaires formees dans la vermiculite diminuaient plus vite 
que celles formees dans la montmorillonite. 

Les traitements de dissolution en serie comprenaient une solution bouillante de Na"C0 3 a 2%, du 
citrate-dithionite de sodium tampon, un second traitement au citrate-dithionite, et du NaOH bouillant. 
Les couches intermediaires de l'hydroxyle Mg dans la montmorillonite ont montre une plus grande 
stabilite aux traitements en serie que les couches intermediaires formees dans la vermiculite. Une 
ligne stable a 14° a ete observee dans la montmorillonite a couches intermediaires apres les traitements 
au citrate-dithionite et a NaOH. 

Les couches intermediaires de montmorillonite ont montre une stabilite assez elevee aux traite­
ments de dissolution HC\. Au contraire la plupart des couches intermediaires de magnesium dans la 
vermiculite a ete extrait par deux lavages a HCI. 

Les reactifs employes dans cette etude sont utilises parfois pour oter les enduits et les agents 
liants des surfaces du sol avant d'analyser la grosseur des particules et l'argile. Les donnees presentes 
indiquent que ces traitements otent egalement quelques couches intermediaires d'hydroxyle-Mg et 
produisent des changements dans les proprietes des argiles. Une interpretation exacte des donnees 
d'identification et de caracterisation des mineraux argileu:x doit reconnaitre ces changements dfts aux 
traitements. 

Kurzreferat-Es wurde eine Untersuchung durchgefiihrt urn (1) die Bedingungen fiir die Bildung von 
Hydroxy-Mg Zwischenschichten in Bezug auf die Art des Tonmaterials, die Aziditat und die Zeit zu 
bestimmen; (2) die BesUindigkeit dieser Zwischenschicht gegen Losungsbehandlungen einzuschatzen, 
und (3) die Wirkungen solcher Behandlungen auf die Bestimmung von Tonmineralen in Boden und 
Ablagerungen festzustellen. Durch Zugabe von MgCl2 und NaOH in den zum Erhalt eines weiten 
pH Bereiches erforderlichen Mengen wurden in Montmorillonit und Vermiculit Hydroxy-Mg 
Zwischenschichten gebildet. Die erhaltenen chloritischen Zwischenstufen wurden nach zehn Tagen, 
sechs Monaten und einem Jahr untersucht. 

Alkalische Bedingungen begiinstigten die Bildung von Hydroxymagnesium Zwischenschichten in 
Phyllosilikaten. Die sich nach einer zehntagigen Ausgleichung bei pH 10,4 ergebenden Montmorillo­
nite mit Hydroxy-Mg Zwischenschichten erfuhren keine Ausdehnung bei der Solvation mit Athylen­
glykol und wiesen praktisch keinen Zusammenbruch nach Sattigung mit K und Erwarmung auf 550°C 
auf. Zwischen pH 6,8 und 9,8 (zehn Tage) bildete sich eine geringe Menge einer Zwischenschicht. 1m 
Gegensatz dazu konnten im Vermiculit bei pH Werten von bis zu 9,7 (zehn Tage) keine Bildung einer 
Zwischenschicht nachgewiesen werden. Chloritische Zwischenstufen, die sich bei pH 10,7 bildeten 
brachen nach K-Sattigung und Erwarmung auf 300°C nicht zusammen, taten dies jedoch bei 550°C. 
In keinem der Minerale bildeten sich Hydroxy-Mg Zwischenschichten wenn eine Trocknungsmethode 
verwendet wurde. Bei dieser Methode werden scheinbar die fiir eine Zwischenschichtbildung erforder­
lichen alkalischen Bedingungen nicht geschaffen. 

Die Menge der in Phyllosilikatsystemen vorhandenen Magnesiumzwischenschichten verminderte 
sich mit der Zeit. Die Zwischenschichten im Vermiculit verminderten sich rapider als die im 
Montmorillonit. 

Aufeinanderfolgende Losungsbehandlungen urnfassten: kochende 2% Na2C0 3 , gepuffertes 
Natriumzitrat-Dithionit, eine zweite Zitrat-Dithionit Behandlung, sowie kochende NaOH. Die 
Hydroxy-Mg Zwischenschichten im Montmorillonit wiesen hohere Bestandigkeit gegen aufeinander­
folgende Behandlungen auf als die in Vermiculit gebildeten Zwischenschichten. 1m zwischengeschich­
teten Montmorillonit konnte nach den Dithionit-Zitrat und NaOH Behandlungen eine bestandige 
14 A Linie beobachtet werden. 

Die Zwischenschichten in Montmorillonit zeigten eine verhaltnismassig hohe Bestandigkeit gegen 
HCl Losungsbehandlungen. 1m Gegensatz dazu wurde im Vermiculit der Grossteil der Magnesium­
zwischenschicht durch zwei HCI Waschen entfernt. 

221 
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Die in dieser Untersuchung verwendeten Reagenzien werden manchmal zur Entfemung von 
Beschichtungen und Klebemitteln von BodenoberfUichen vor der Teilchengrosse- und Tonanalyse 
angewendet. Die vorIiegenden Daten zeigen, dass diese Behandlungen auch einige der Hydroxy-Mg 
Zwischenschichten entfemen und Veranderungen in den Eigenschaften der Tone hervoITufen. In 
einer richtigen Auswertung der Daten flir eine ldentifizierung und Charakterisierung miissen diese 
durch die Behandlung hervorgerufenen Veranderungen in Betracht gezogen werden. 

Pe3IOMe-IlpoBe~eHbI Hccne~OBaHHH no: (1) onpe~eneHHlO ycnoBHH 06pa30BaHHH rn~pOKCH­
MarHHeBblX Me)KCnOeBblX npOMe)KYTKOB B 3aBHCHMOCTH OT THna rnHHHCTbIX MHHepanOB, 
KHcnOTHOCTH H BpeMeHH 06pa60TKH; (2) o~eHKe YCTOH'lHBOCTH Me)KCnOeBblX npOMe)KYTKOB no 
OTHomeHHlO K pa3nH1fHbIM paCTBOpHTenHM; (3) BbIHCHeHHlO 3Ha'leHHH 06pa60ToK paCTBopHTenHMH 
MH onpe~eneHHH rnHHHCTbIX MHHepanOB B nO'iBax H oca~ax. rH~pOKcH-MarHHeBbIe Me)KCnoeBbIe 
npOMe)KyTKH 06pa30BbIBanHcb B MOHTMopHnnOHHTax H BepMHKynHTax npH ~06aBneHHH MgCi2 
MH NaOH B KOnH'IeCTBaX, 06ecne'IHBalO~HX mHpOKHe npe~enbI H3MeHeHHH pH. IlonY'leHHble 
npOMe)Kyr01fHble xnopHTOBble cl>OPMbI Hccne~OBanHCb nocne CTapeHHH B Te'leHHe 10 ~HeH, 6 MecH~eB 
H O~Horo ro~a. 

YCTaHOBneHO, 'ITO ~en01fHaH peaK~HH 6naronpHHTcTByeT 06pa30BaHHlO rH~pOKCH-MarHHeBbIX 
Me)KCnOeBbIX npOMe)KYTKOB B cl>HnnocHnHKaTax. MOHTMopHnnOHHT C rn~pOKCH-MarHHeBbIMH 
Me)KcnoeBbIMH npoMe)KytKaMH, KOTOPbIH 06pa30BanCH npH 1O-~HeBHoH paBHOBeCHOH 06pa60TKe 
peaKTHBaMH npH pH 10,4, He pa36yxaeT npH HaCbImeHHH 3THneH-rnHKoneM H npaKTH'IeCKH He 
pa3PymaeTcH nocne HaCbI~eHHH KanHeM H HarpeBaHHH ~O 550oc. B He60nbmHx KOnH'IeCTBaX 
Me)KCnOeBble npOMe)KyTKH 06pa3YlOTcH B ~Hana30He pH OT 6,8 ~o 9,8 (10 ~HeH). B npOTHBonono­
)KHOCTb 3TOMY, B BepMHKYnHTaX Me)KCnoeBble npOMe)KYTKH He 06pa3YlOTCH npH 3Ha'leHHHX pH 
~o 9,7 (10 ~HeH). XnoPHToBble npOMe)KYT01fHble cilOPMbI, 06pa3YlO~HecH npH pH 10,7, He 
pa3pymalOTcH npH HaCbI~eHHH K H HarpeBaHHH ~O 3000C, o~aKO, Ha'IHHalOT pa3pymaTbcH npH 
55QOC. IlpH Hcnonb30BaHHH MeTO~HKH BblcymHBaHHH rn~pOKCH-MarHHeBble Me)KCnOeBble npOMe­
)KyTKH He 06pa3YlOTCH HH B O~OM H3 MHHepanOB. 3Ta MeTO~HKa, O'leBH~HO, He C03~aeT ~enO'IHOH 
pea~, He06xo~HMOH ~nH 06pa30BaHHH Me)KCnOeBbIX npOMe)KYTKoB. 

KOnH'IecTBo MarHHeBbIX Me)KCnOeBbIX npOMe)KYTKOB B cl>HnnocHnHKaTHbIX CHCTeMax YMeHb­
maeTCH C Te'leHHeM BpeMeHH; KOnH'IecTBo Me)KCnOeBbIX npOMe)KYTKOB B BepMHKynHTe YMeHb­
maeTCH 60nee pe3KO, '1eM B MOHTMopHnnOHHTe. 

Ilocne~OBaTenbHble onepa~ paCTBopeHHH BKnlO'IanH 06pa60TKY KHnH~HM 2% pacTBopoM 
Na2COa, 6ycl>cl>ePHbIM HaTpHeBbIM ~HTpaT-~HTHOHHTOM, BTOpH'IHylO 06pa60TKY ~HTpaT-~HTHO­
HHTOM H KHnH~ paCTBopOM NaOH. rH~pOKcH-MarHHeBble Me)KCnOeBble npOMe)KYTKH B 
MOHTMOpHnnOHHTe 06HapJ)KHBalOT 60nbmylO YCTOH'IHBOCTb no OTHomeHHlO K nocne~oBaTenbHoH 
06pa60TKe, '1eM Me)KCnOeBble npOMe)KYTKH B BepMHKynHTe. MOHTMopHnnoHHT C Me)KCnOeBbIMH 
npoMe)KyTKaMHnOCne 06pa60TKH ~THOHHT-~TpaToM H NaOH ~aBan YCToH'IHBoe OTpa)KeHHe 
14 A. 

Me)KCnOeBble npOMe)KyTKH B MOHTMopHnnOHHTe 06HapY)KHBalOT OTHOCHTenbHO BbICOKYlO 
YCTOH'lHBOCTb K ~eHcTBHlO HCi. B npOTHBOnOnO)KHOCTb 3TOMY 60nbmaH '1aCTb MarHHeBbIX 
Me)KCnOeBblX npOMe)KYTKOB B BepMHKynHTe y~anHnaCb ~ByMH 06pa60TKaMH HC!. 

PeareHTbI, Hcnonb30BaHHble aBTopaMH, HHor~a npHMeHHlOTCH ~JIH y~aJIeHHH nneHOK H 
~eMeHTHpylOmHx Be~eCTB nO'IB nepe~ onpe~eJIeHHeM pa3Mepa HX '1aCTH~ H aHaJIH30M rJIHHHCTOH 
cl>paK~ . .LJ:aHHble aBTopOB CBH~eTeJIbCTBylOT 0 TOM, 'ITO no~06Hble 06pa60TKH y~aJIHlOT TaK)Ke 
H HeKOTOpylO '1aCTb rH~pOKCH-MarHHeBblx Me)KCJIOeBbIX npOMe)KYTKOB H npHBO~HT K H3MeHeHHlO 
CBOHCTB rnHH. I1HTepnpeTa~HH ~aHHblx MH H~eHTHcl>HKa~HH H xapaKTepHCTHKH rJIHHHCTbIX MHHe­
paJIOB ~OJI)KHa Y'lHTbIBaTb xapaKTep 3THX H3MeHHHH. 
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