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I. ACID ACTIVATION OF THE MIOCENE CLAYS FROM MACHOW

Abstract. The mechanism and kinetics of activation of Miocene clays conta-
ining montmorillonite, chlorite, illite, kaolinite, quartz and carbonates was studied.
It has been found that the montmorillonite contains more Fe in the octahedral sheet
and more Al in the tetrahedral sheet than typical montmorillonites from bentonites.
Sulphuric acid extracts most readily Mg, less so Fe and Al The rate of cation ex-
traction is the slower, the stronger the cation-oxygen or OH group bond in the octa-
hedral sheet.

INTRODUCTION

Bleaching earths have wide application in several technologies. It has
been found that bentonites with montmorillonite as the main component
or fuller’s earths containing palygorskite possess the best bleaching pro-
perties. Those properties are enhanced by activation in inorganic acids or

ther methods of chemical treatment, or by thermal activation. The ma-
?erials in question are, however, scarce and not readily available whereas
the demand for cheap bleaching earths is ever increasing, e.g. in connection
with the environment protection.

The most common non-bentonitic material used as bleaching earth is
halloysite (Ovtcharenko et al. 1967), but attempts have been also made to
utilize clays containing D-kaolinite for that purpose (Horvath et al. 1973).

The present authors considered the possibility of using common clays
as bleaching earths. Those clays contain montmorillonite and illite, chlorite
and small amounts of kaolinite as minor components, or else mixed-layer
illite (montmorillonite). This montmorillonite differ from those originating
from bentonites'and by weathering of tuffs in the structure of layers and
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Cracow (Krakow al. Mickiewicza 30).

31



mical composition, viz. they contain more iron and less magnesium
g}};:n the typicglo montmorillonites (Weaver, Pollard 1973). They also admit
more isomorphous substitution of Al for Si in the tetrahedral sheet, which
gives a greater electric charge to their layers. Some of them ‘pelong to the
beidellite-nontronite isomorphous series. The dlfferent'chemlcal composi-
tion and layer structure of the montmorillonite in question are due to their
different genesis, as they owe their origin to the degradation of the struc-
ture of illites or chlorites (Stoch 1974).

The clays studied are difficult to activate. The reasons are presumably
to be sought both in the different type of montmor}llomte and in the
presence of illite, which is a relatively chemical resistant mineral and
therefore not readily reacting with acids.

THE MINERALOGICAL CHARACTERISTICS
OF THE CLAYS STUDIED

The investigations were carried out on the Miocene clay of marine
origin derived from the overburden of the Machéw sulphur deposit (Kra—
kowiec clay). Its dominant mineral component is montmorillonite; besides,
it contains illite, chlorite, and subordinate kaolinite. The clay minerals are
accompanied by small amounts of quartz and carbonates (calcite, dolomite,

e bilse 1 Table 2

Mineral composition of the clay from Chemical composition of the < 0.5um
Machoéw fraction of the clay from Machéw
(from the depth 132m a.s.l.) (from the depth 132m a.s.l.)

Components Weight % Components Weight %
Montmorillonite 30 Sio, 47.04
Tllite 14 AlL,O4 19.97
Chlorite 13 G nite), 0.53
Kaolinite 6 Fe, Oy 6.42
Quartz 29 CaO 2.72
Calcite 4 MgO 3.08
Dolomite 2 Na,O 0.40
Feldspar 2 K,0 0.51

loss on ignition 19.08
Total 99.75

sid,eritg, Table 1). The mineralogical composition of the clays from Ma-
choéw is the subject of a separate publication (Stoch et al. 1977).

~ The grain-size distribution of the mineral components of the clay stu-
died is as follows. Montmorillonite is the main constituent of the fractions
< 4 pm, its percentage increasing with the diminishing grain size. In frac-
tions << 0.5 pm its content amounts up to 87%. Illite, kaolinite and chlorite

concentrate mainly in the grain fractions 1—15 um. Carbonat rt
are to be found mostly in the fractions 4—60 um F(lFlg 1)1.‘ 5 il
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Montmorillonite that occurs in the Machéw clay is a dioctahedral
mineral. Its chemical composition is illustrated by the chemical analysis
of the < 0.5 um fraction (Table 2), in which its content amounts to 87 wt. %.
The calculated chemical formula of montmorillonite is: Cag19Nag 05Ky s
(Al 3Feq.31 Mgy 50) [(Si3.82A10.18)O19] (OH),* m H,O. :

: The montmorillonite in question differs from the typical montmorillo-
nite from bentonites in a higher content of iron and aluminium in the
octahedral and tetrahedral sheets, respectively. Its layer charge is some-
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Fig. 1. The diagram of mineralogical composition of Krakowiec clay from
deepness of 132 m above the sea level
1 — montmorillonite, 2 — illite, 3 — chlorite, 4 — kaolinite, 5 — quartz, 6 — dolomite,
7 — calcite, 8 — feldspar, d — substitutional diameter

what greater than that in the typical montmorillonite and is 0.47 unit
charge per half unit cell, as much as 40% of the charge falling on the
tetrahedral sheet.

Chlorite occurring in the clay studied is trioctahedral. As appears from
X-ray analyses, it differs from the typical chlorites in a higher content of
Al and Fe and a lower content of Mg.

The investigations presented in this paper were carried out on clay
derived from a level of 132 m above sea level from the sulphur mine in
Machéw, as well as on << 4 um fraction separated from clays representing
the bottom (sample 1), middle (sample 2) and top (sample 4) beds, rich in
clay minerals. To obtain comparative data, analyses were also made on the
fraction 4—40 um (sample 3), which is characterized by a higher content
of chlorite and carbonates, particularly dolomite. The following notation
was used:
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__ fraction << 4 um of clay from the bottom of the seam,
:2:25%2 é — gaction <4 tm of clay from the mic.ldle of the seam,
sample 3 — fraction 4—40 um of clay from the middle of the seam,
sample 4 — fraction <4 um of clay from the top of the seam.
The choice of material was determined by the fact that it makes up
a fraction worth separating from the economic point of view. Moreover, it
is relatively high in montmorillonite, being thus a good raw material for
i rths. e :
blee’ll?lkll;n gl:;s used for analyses contained clay minerals of similar grain-
_size distribution. About 70—90 wt. % of grains were smaller than 2 um.

ACHOW
LUTION OF THE MINERAL COMPONENTS OF THE M
o CLAY IN SULPHURIC ACID

The clay fractions were treated with such an amount. of H,SO, solution
that the content of H,SO4 in the mixture of 'clay, acid and Wat.er was
16 wt. %, with the acid to clay weight ratio being 0.96. The experimental
conditions were similar to those under which bleaching earths are manu-
factures on a commercial scale. The process was conducted on a water bath
at about 95°C. After 1, 3, 5 and 8 h of activation clay was centrifuged from

T able 3
Chemical analyses of Krakowiec clays from Machoéw
Content in weight %
Components Sample no
i | 2 3 | 4
Si0, 49.20 49.10 53.70 46.00
Al,O4 15.81 16.24 12.53 16.34
Fey,Of 4.87 4.64 4.96 5.62
TiO, 0.73 0.70 0.56 0.76
CaO 8.30 9.44 9.40 9.63
MgO 2.82 2.44 2.74 3.16
Na,O | 0.69 0.69 1.15 0.66
K,0 3.67 3.69 3.28 3.65
Loss on ignition 13.79 13.26 11.63 14.21
Total \ 99.88 100.10 99.85 99.91

the solution and the content of the characteristic chemical components
determined. From the results presented in Tables 3, 4, 5 and in Figures
2a — e it follows that the dissolution of all the fraction studied proceeds
at a similar rate, yet the individual chemical components of the clay go
into solution in a different way. Calcium carbonate is dissolved at once, so
that after 1h the content of CaO in the solution is virtually constant.
About 60% CaO present in the clay goes into solution whereas the rest
remains as insoluble CaSO,.

Aluminium and iron go readily into solution during the first hour,
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Table 4
Extraction of chemical components from the Machéw clay during static extraction
with Hy,SO,4
Amount of extracted component in weight %
Sample Components after

1h | 3h | 5h | 8h

7 SiO, 0.20 0.31 (1t (19 4
Al,O4 0.95 1.56 1.93 2.54

Fe, O3 0.78 1.08 1.45 1.62

CaO 5.57 5.43 5.99 5.75

MgO 0.34 0.27 0.40 0.65

2 Si0, 0.28 0.31 0.16 0.16
Al,O4 15181 1.53 1.86 2.41

Fe, Oy 1.33 1557 1.74 1.99

CaO 5.57 5.29 5.57 5.24

MgO 0.27 0.30 0.40 0.69

3 Si0, 0.22 0.38 0.24 0.19
ALO, 1.00 10T 1.54 2.08

Fe,04 1.37 1.62 1.70 1.95

CaO 6.68 6.73 6.96 6.50

MgO 0.40 0.23 0.67 0.60

4 SiO, 0.17 0.28 0.19 0.16
Al,O4 17 1.62 1.99 2.68

Fe;, Oy 2.20 2.49 2.70 2.90

Cao 5.85 5.75 6.59 5.24

MgO 0.24 0.34 0.40 0.64

Tablke: 5

Extraction of chemical components from the Machéw clay (sample 1) during
activation with renewal of H;SO4

Time Extracted component in weight %
in hours Si0, | AlLOs Fe,03 | CaO | MgO
1 0.18 0.92 0.62 3.02 0.56
3 0.33 1.48 0.89 5.57 0.64
5 0.54 1.92 1.06 6.45 0.73
8 0.74 2.39 1.25 6.85 0173

whereupon the rate of their extraction diminishes markedly. Then the
amount of Al,O; and Fe,O; passing into solution shows a linear dependepce
on the activation time. After 8 h, about 40% Fe;O; and 16% Al,O3 go into
solution.
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Fig. 2. Dissolution rate of selected frac-
tions of Krakowiec clays from Macho6w,
activated by H,SO,

a — sample 1, b — sample 2, ¢ — sample 3,
d — sample 4, e — sample 1 activated by
H,SO; in 8 h with reneval of acid after 1, 3,
5 and 8 h

60 70 80 90 100
total weight % of components
in the somple

Fig. 3. Content of main chemical components ofl Krakowiec clay (sample
1) in solution after 8 h by HySO4 activation with renewal after 1, 3, 5

and 8 h

1 — SiO, 2 — Al,0; 8 — Fe,0;, 4 — Ca0, 5 — MgO
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Extraction of magnesium proceeds in a very characteristic way. About
10% of MgO present in the clay goes into solution within 1 h from the be-
ginning of activation. After that time a plateau appears on the dlssolut}on
curve, whereupon the curve slopes down linearly due to the successive
portion of magnesium passing into solution. The characteristic regions on
the clay dissolution curve correspond to the different forms of Mg occur-
rence. Dolomite is the first to dissolve, and then the first portion of mag-
nesium goes into solution. Chlorite and montmorillonite, which are
sparingly soluble, supply the second portion of MgO that passes into solu-
tion at a much slower rate. After 8 h activation, about 23% of MgO present
in the clay goes into solution.

Worth noting is the extraction of SiO,. The amount of silica passing into
solution increases systematically, attaining a maximum after 3 h, when
about 0.6% of SiO, present in the clay goes into solution. Then the amount
of extracted SiO, decreases rapidly due to the precipitation of amorphous
silica gel. It has been presumed that renewal of acid after less than 3 h
will stop the precipitation of gel and increase the amount of SiO, going
into solution. Experimental extraction carried out with the acid renewed
after 1, 3, 5 and 8 h has confirmed the above presumption (Table 5, Fig. 3).
It has been found that this procedure increases the amount of extracted
SiO, to 1.5 wt. %, as well as enhances slightly the dissolution of MgO and
CaO. The amount of aluminium that goes into solution is nearly the same
as during static extraction, while the amount of dissolved iron decreases.
The renewal of acid eliminates definitely the precipitation of amorphous
silica (Table 6).

Table 6

Amount of extracted chemical components of clays with 16% H,SO, in static
conditions and with renewal of acid

Amount of component dissolved after 8 h in %
sample 1
Component mean value for

sta.tl.c renewal of acid samples 1, 2, 3,.4

conditions (static activation)
Sio, 0.4 1.5 0.5
ALO, 16.1 15.1 16.0
Fe,O4 31.2 26.7 41.3
CaO 70.0 82.5 63.0
MgO 23.0 25.9 / 23.4

THE KINETICS OF EXTRACTION OF THE CHEMICAL
COMPONENTS OF CLAYS

The kinetics of dissolution of clay minerals in acids h i
by several authors. Initially, the investigations aimed toasdscz(i‘rrlnisrtlgd‘?}eg
cations making up to the tetrahedral and octahedral sheets of the layers
(Brindley, Youell 1951; Gastuche, Fripiat 1962). Later studies focussed on
the mechanism of dissolution of montmorillonites (Osthaus 1954, 1956),
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palygorskite and sepiolite (Abdul-Latif, Weaver 1969) and chlorites (Ross
1967, 1968, 1969) in acids, as well as on the distribution of iron in the kao-
linite layers (Petzold 1972, Horvath 1976).

The above-cited authors were concerned with the kinetics of dissolu-
tion of pure minerals in HCL. In this paper, on the other hand, the mecha-
nism of dissolution of a polymineral montmorillonite clay (the Machow
clay) was studied. Moreover, sulphuric acid was used as having wider
application in the technology of clay activation.

If we assume that clay dissolution is a first-order, or pseudo-first-order,
reaction, then the process can be described by the equation:

dx
e )

M By
s lils gy e kM [2],

diiy
hence —a— kM [3]

where:

M, — initial amount of the component,
M — amount of undissolved component after time,
t, * — amount of dissolved component.

Integrating eq. [3] in the interval between t; and t, and converting the
natural into decimal logarithms, the following relationship is obtained:

M, k
Rl il 4
lg MZ 2.303 (t2 tl) [ ]
where:
M, — amount of the component undissolved after time t,,
M, — amount of the component undissolved after time t,.
Eq. [4] can be also restated in the general form:
k
LR i H
lg M 5303 t + 1g M, [5]

Knowing the amount of undissolved component as a function of time,
the reaction rate constant k can be easily calculated from eq. [5]. It should
be remembered though that the calculated constant is the product of the
acid concentration (4), which changes with time, and the true reaction rate
constant (k,):

k= kA

However, the kinetics of clay dissolution can be described with satisfac-
tory accuracy if the sulphuric acid used is so much in excess that its loss
due to the reaction may be neglected.

The kinetics of dissolution of the montmorillonite clay from Machow
in H,S0, was studied by a method similar to that adopted by Osthaus
(1954) and Abdul-Latif and Weaver (1969). Accordingly, plots were con-
structed in such a way that the weight % of undissolved metal oxide was
plotted in logarithmic scale on the abscissa and the time of reaction be-
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tween clay and sulphuric acid on the ordinate. The reaction rate constants
were calculated from formula [5].

The solubility curves obtained for clay both under static cor}ditions and
when the acid was changed are very similar, consisting essentlal}y of two
parts: a steep region corresponding to rapid extraction of .catlons, and
a straight line part, slightly inclined to the abscissa, reflecting s}qw ex-
traction of Al, Fe and Mg. In the case of Mg, the curve has additionally
a horizontal segment which indicates that extraction of that element is
inhibited between the first and third hour of the process (Fig. 2a—d).

The steep part of the curve corresponds to the extraction of carbonates
CaCO;, CaCO;-MgCOs, free iron oxides and amorphous substance, which
make the surface of clay minerals practically unavailable for acid. The
straight line region of the plot corresponds to the removal of metal cations
from the structure of clay minerals. The cations in question are extracted
at different rates. Aluminium, which has the highest ionic potential of all
the cations occupying the octahedral sheet and which forms in consequence
the strongest bonds with oxygen, is extracted at the slowest rate. The
larger cations Fe and Mg, which substitute for aluminium in the octahedral
sheet, are weakly bonded (lower ionic potential) and, due to this, more
readily removed from the structure of clay minerals.

In the interval between 1st and 8th hour of dissolution in H,SO, the
extraction rate constant can be determined for each cation from the incli-
nation of that part of the curve (Table 7). It is evident from the results

Table 7

Extraclion rate constants for clay minerals occurring in the Machéw clay

Extraction rate constants k (hr—1)
Component i BRwDle sample 1 activated
2 5 o ; with acid renewal
after 1, 3, 5 and 8h
AL, 04 0.0158 0.0127 0.0142 0.0150 0.0146
Fe,O4 0.0296 0.0315 0.0239 0.0323 0.0223
MgO* 0.0330 0.0410 0.0288 0.0232 0.0115

* Value calculated on the basis of 3 results (after 3, 5 and 8 h of extraction)

that the rate of extraction of magnesium during acid activation of the
Machow clay is the most rapid, that of iron less so, and the rate of alu-
minium dissolution the slowest. This sequence corresponds to that observed
by Abdul-Latif and Weaver (loc. cit.) in palygorskite, although these
authors used HCI solution for activation.

~ The dissolution of a polymineral substance, i.e. the clay from Machow,
in sulphuric acid is a complex process. X-ray analyses of the insoluble
res1dug have ?evealed that, when the acid is not renewed during the pro-
cess, it contains gypsum and hydrated magnesium sulphate. It appears
that dissolution of the constituent minerals is accompanied by crystalliza-
tion of su}lphates. Upon their precipitation, the amount of cations of a given
element in the solution is determined by the solubility of its sulphate. This
statement is borne out by the dissolution curve obtained for Mg (Fig.
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2a—d). After rapid dissolution of dolomite (steep region of the curve),
crystallization of magnesium sulphate takes place and the magnesium con--
centration in the solution becomes stabilized (horizontal part of the curve).
As the dissolution proceeds, clay minerals are decomposed and the consti-
tuent Mg?+ goes partly into solution. Simultaneously, the sulphuric acid is
partly used up and, consequently, the concentration of SO.2- ions in the
solution decreases, causing the already precipitated sulphates to pass into
solution at such a rate that the product of Mg2+ and SO.2~ concentrations
remains the same. This process determines the inclination of the straight
line region of the solubility curve. Similar considerations hold for Ca?*,
the concentration of which is determined by the solubility of CaSO,-2H,0
in sulphuric acid solution.

Since the solubility of calcium sulphate is considerably less than that
of magnesium and iron sulphates, a change in the concentration of sulphate
ions affects insignificantly the concentration of Ca2* in the solution, which
remains virtually constant (Fig. 2a—d — horizontal part of the curve).
When the acid is renewed during dissolution, calcium from CaSO,-2H,0 is
extracted more slowly than magnesium and iron, precipitated at the be-
ginning of activation as sulphates (Fig. 2e). Due to this, the renewal of acid
after 1 h results in the extraction of nearly all iron and magnesium com-
bined in the form of sulphates, whereas only a part of calcium is dissolved
under those conditions. In the successive stages of dissolution with the
renewal of acid, magnesium, iron and aluminium present in the layer sili-
cates go into solution, and simultaneously the remaining calcium sulphate
is still being extracted. This behaviour of calcium is reflected in the shape
of its solubility curve, differing from those obtained for the other elements
(Fig. 2e).

CHANGES IN THE STRUCTURE OF CLAY MINERALS DURING
DISSOLUTION IN SULPHURIC ACID

Changes occurring in clay minerals as a result of dissolution in sul-
phuric acid were investigated using X-ray diffraction, thermal analysis and
infrared absorption spectroscopy.

X-Ray BDiffraction Analysis

The structural changes produced in clay minerals by sulphuric acid
involve mainly the exchange of interlayer cations and selective dissolution
of components of the octahedral and tetrahedral sheets. These changes are
pronounced in X-ray diffraction patterns, 001 reflections being particularly
sensitive to them. After 1 h activation, carbonates are dissolved and gy-
psum and hydrated magnesium sulphate precipitate at their cost, while
the structure of illite or kaolinite is not affected by the acid. The 001
montmorillonite line becomes diffuse in the range of 17.5—10 A, showing
a faint maximum at 14.5 A. Prolonged activation results in a gradual de-
crease in the intensity of the clay mineral reflections, and in the case of
montmorillonite, a displacement of the peak towards 10 A has been addi-

41




tionally recorded. All this becomes pronounced when the acid is renewed
h stage of activation (Fig. 4f). . '

i elgcimisnifhed intensity of tﬁe clay mineral lines is due to.partxal break-

down of their structure, proceeding in the sequence: chlorite > montmo-

rillonite > illite > kaolinite.

Thermal Analysis

Sample 1 as the most representative of the material studied and the
richest in montmorillonite was selected for the analyses (F"lg. 5). '

The DTA curve for sample I activated in sulphuric agld for 8 h is pre-

sented in Figure 6. It shows an endothermic peak at 120°C, correspondngg

to dehydration and a weight loss of 4%,

i and an exothermic peak in the range

\/ a 300—460°C, due to combustion of the

organic substance attended by a weight

loss which is difficult to determine. The

dehydroxylation peak at 560°C is ac-

companied by a weight loss of 4%, and

the endothermic peak at 900°C by

a weight loss of 1.4%.

The activated clay shows a smaller
weight loss at 120°C and a less pro-
nounced endothermic peak. It has been
found that acid activation does not
affect the number of hydroxyl groups
given off at 560°C but increases the

’{UWU
/X\JJ\M & amount of water released at about
900°C. This water appears presumably

\/ in the form of OH groups which act as

active acid centres.
N d The clay activated by stages, with
I ¢
M £

the acid renewed after 1, 3, 5 and 8 h,
contains more interlayer water released
25 o 20 20 1 K M 12 0 g 6 4
-0

&

both at 120°C (6 wt. %) and at higher
temperatures (6.3 wt. % at 560°C and
1.4 wt. % at about 800°C). A DTA curve
for the clay activated in this way is pre-
sented in Figure 7.

Acid-activated samples show a slight
shift of the thermal peaks towards

Fig. 4. X-ray diffraction patterns of sample 1

a — raw, b — activated by H,SO, for 1h, ¢ — acti-

vated by H,SO, for 3h, d — activated by H,SO, for

5h, e — activated by H,SO, for 8h, f — activated

by H,SO, for 8 h with renewal of acid after 1, 3, §
and 8 h
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lower temperatures, which is most likely due to a general deteri ;
in the degree of crystallinity of clay minerals. general deterioration

Infrared Absorption Spectroscopy

i kThe analyses were made in the UR-10 spectrophotometer, using KBr
isks.

Infra}red spectroscopic investigations have yielded some interesting data
concerning the structural changes occurring in clay minerals dissolved in

S~ / \ st 1000 C

loss of weight in per cent

Fig. 5. Thermal curve of sample 1 of Krakowiec clay
from Machow

sulphuric acid (Fig. 8). In the range of valence vibrations of hydroxyl
groups, the band 3625 cm~1, which arises due to the coincidence of bands
produced by vibrations of OH groups in the crystal lattice of montmorillo-
nite, illite and kaolinite, shows a systematic decrease in its intensity with
the time of activation. Similar variability has been recorded for the band
920 em-?, corresponding to Al-OH deformation vibrations. The relative
intensity of the band 525 cm~! produced by Al-O valence vibrations dimi-
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Kaolinite 1

ervations suggest that the ions are remoye.d selec-
tively from the octahedral lattice sites of montmorillopite and illite. 'I‘h}e1
Si-O-Al oxygen bridges are disrupted, giving rise to SiOH groups wh1§

become strong acid centres of the Bronsted type (Fgal et al. 1975, 1976).
s considerably less subject to transformation; its bands corres-
of OH groups (3700 em-1) do not virtually change

nishes as well. These obs

ponding to vibrations
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Fig. 6. Thermal curve of sample 1 of Krakowiec clay
from Machow after H,SO, activation for 8 h

their intensity. During dissolution of calcium carbonate, sparingly soluble
gypsum is precipitated, yielding a characteristic band 675 cm 1.

A slightly different spectrum has been recorded for sample 1 subjected
to dissolution with the change of the acid after 1, 3, 5 and Sih (B 9):
During acid activation the structure of clay minerals undergroes profound
degradation due to the extraction of a large number of cations from the
octahedral sites. This process is reflected by the changes in both the inten-
sity ratio of the bands corresponding to OH valence vibrations of kaolinite
(3600—3700 cm~1) and in the shape of the spectrum in the range 900—
__950 cm~!. From the above observations it is evident that multi-stage
acid activation results in a higher degree of degradation of the structure
of clay minerals.
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Fig. 7. Thermal curve of sample 1 of Krakowiec clay
from Machow activated for 8 h with renewal of acid
after 1, 3, 5 and 8 h

DISCUSSION

The present studies have revealed that acid activation of polymineral
clays, represented by the Miocene clay from Machéw, with sulphuric acid
proceeds in the following way: In the initial stage (shorter than 1 h), car-
bonate minerals (calcite, dolomite, siderite), free iron oxides and presu-
mably amorphous components of the allophane type are dissolved. Then
the rate of extraction of the chemical components of clay is less rapid, and
the cations from the structure of clay minerals go into solution.

In the first phase of dissolution calcium, magnesium and presumably
also iron sulphates are precipitated. Their solubility determines the num-
ber of cations extracted by H,SO, from the structure of clay minerals
during subsequent activation. After 3 h activation, amorphous silica is pre-
cipitated from the solution.

Precipitation of sulphates and silica can be prevented if the acid is
renewed in the course of activation. Then, after a time longer than 1 h, the
amount of components passing into solution is controlled by the solubility
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of clay minerals, especially of montmorillonite. The amount of dissolved
aluminium and magnesium increases as well.

The dissolution rate constants of cations of the crystal lattice of clay
minerals show that magnesium is extracted most readily whereas iron and
aluminium less so. This fact can be accounted for in the following way:
The aluminium cation, having the highest ionic potential, forms the stron-
gest bonds with oxygen and OH groups in the structure of montmorillonite;
iron and magnesium cations, on the other hand, have a lower ionic poten-
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Fig. 9. Infrared absorption spectrum of sample 1 activated
by H,SO, for 8 h with renewal of acid after 1,3, 5 and 8 h
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tial and, forming weaker bonds in the structure of clay minerals, are re-
moved faster than aluminium.

Besides montmorillonite, the clay studied contains chlorite, illite and
kaolinite as minor constituents. As appears from X-ray powder analyses,
acid activation affects in the highest degree the structure of montmorillo-
nite and chlorite, to a lesser extent that of illite, while kaolinite virtually
fails to be transformed. Partial breakdown of the structure of clay mine-
rals manifests itself in the diffusion of 001 lines recorded in their X-ray
diffraction patterns.

Acid activation of clay minerals results in the diminished intensity of
the absorption bands of OH groups in the range of 3625 cm~—1, as well as
of Al-OH deformation vibrations and Al-O valence vibrations. This evi-
dences that cations are removed from the octahedral sheet. Activation with
the renewal of acid causes more profound degradation of the structure of
clay minerals than activation conducted under static conditions.

Sulphuric acid increases the amount of water released when heating
the activated clay at about 560 and 800°C. It is presumably the water of
OH groups, which act as active centres formed under the influence of
sulphuric acid. The formation of those centres gives bleaching properties
to the activated clays.
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Leszek STOCH, Krzysztof BAHRANOW SKI, Leokadia BUDEK,
Jerzy FIJTAL

WELASNOSCI ODBARWIAJACE ILASTYCH SUROWCOW
NIEBENTONITOWYCH I ICH MODYFIKOWANIE

1. AKTYWACJA KWASOWA ILOW MIOCENSKICH Z MACHOWA

Streszczenie

Przeprowadzono badania nad aktywacja kwasowag itow miocenskich
7 Machowa koto Tarnobrzega, ktére zawieraja montmorillonit, illit, chloryt
i niewielkie ilosci kaolinitu, kwarc oraz weglany (kalcyt, dolomit, syderyt).
Montmorillonit itu z Machowa rézni sie od montmorillonitu z bentonitéw
wieksza zawartoscig Fe w warstwie oktaedrycznej i glinu w warstwie te-
traedrycznej. Aktywacje wykonano przy pomocy 16% roztworu kwasu siar-
kowego w temperaturze 96°C.

W pierwszym etapie aktywacji (krotszym od jednej godziny) rozpusz-
czeniu ulegaja mineraty weglanowe (kalcyt, dolomit, syderyt) oraz wolne
tlenki zelaza, a takze przypuszczalnie bezpostaciowe skladniki typu alofa-
nu. Dalej proces ekstrakcji sktadnikow chemicznych itu przebiega z mniej-
sza szybkoscig, a do roztworu przechodzg kationy ze struktury mineralow
ilastych.

W trakcie pierwszego etapu rozpuszczania nastepuje wytracenie sie
siarczanéw wapnia, magnezu, a przypuszczalnie i zelaza. Ich rozpuszczal-
noéé wplywa na ilos¢ kationéw ekstrahowanych ze struktury mineratow
ilastych przez roztwor kwasu siarkowego w dalsze]j aktywacji.

Po trzygodzinnej aktywacji obserwuje sie wytracanie si¢ bezpostacio-
wej krzemionki z roztworu.

Zjawisko wytracania sie siarczanéw oraz krzemionki mozna wyelimino-
waté stosujgc aktywacje z wymiang kwasu siarkowego. Wowczas po czasie
dluzszym od 1 godziny ilos¢ sktadnikow przechodzgcych do roztworu deter-
minowania jest rozpuszczaniem sie mineralow ilastych, a gtéwnie mont-
morillonitu. Zwieksza sie tez wowczas ilo§¢ rozpuszczonego glinu i ma-
gnezu.

State szybko$ci rozpuszezania kationow z sieci przestrzennej mineratow
i.laitych wykazuja, ze najszybciej ekstrahowany jest magnez, wolniej zelazo
i glin.

s Tlumaczy¢ to mozna tym, ze kation glinu majgcy najwiekszy potencjat
jonowy tworzy najsilniejsze wigzania z tlenem i grupami OH w strukturze
montmorillonitu, natomiast kationy zelaza i magnezu o mniejszym poten-
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cjale jonowym jako stabiej zwigzane w strukturze mineraléw ilastych usu-
wane sg szybciej od glinu.

: qak wynika z badan rentgenograficznych w czasie aktywacji itu naj-
silniej naruszona zostaje struktura montmorillonitu i chlorytu, w mniej-
szym stopniu illitu, a kaolinit praktycznie nie ulega zmianie.

W W}dmie absorpcyjnym w podczerwieni ilu aktywowanego nastepuje
oslabienie intensywno$ci pasm grup OH w zakresie 3625 cm~! oraz drgan
deformacyjnych AI-OH i walencyjnych Al-O wskazujgce na usuwanie ka-
tionow z warstw oktaedrycznych mineratow ilastych.

Aktywacja z wymiang kwasu powoduje przy tym dalej idgce naruszenie
struktury mineratow ilastych w poréwnaniu z aktywacja w warunkach
statycznych.

Dzialanie kwasu siarkowego wywotuje zwigkszenie ilosci wody oddawa-
nej w czasie ogrzewania itu aktywowanego w temperaturze okoto 560° oraz
800°C. Jest to przypuszczalnie woda grup OH spelniajgcych role centréow
aktywnych powstatych pod wplywem kwasu siarkowego. Ich postawanie
nadaje aktywowanym itom wlasno$ci odbarwiajace.

OBJASNIENIE FIGUR

—

Fig. 1. Diagram skladu mineralnego ilu krakowieckiego z gigboko$ci 132 m n.p.m.
1 — montmorillonit, 2 — illit, 3 — chloryt, 4 — kaolinit, 5 — kwarc, 6 — dolomit, 7 —

kalcyt, 8 — skalen, d — $rednica zastepcza

Fig. 2. Postep rozpuszczania wybranych frakeji itéw krakowieckich z Machowa, akty-
wowanych kwasem siarkowym
a — prébka 1, b — probka 2, ¢ — probka 3, d — prébka 4, e — probka 1 aktywowana
kwasem siarkowym 8 h z wymiang kwasu po 1, 3,51 8h

Fig. 3. Zawarto§¢ glownych skladnikéw chemicznych ilu krakowieckiego (prébka 1)
w roztworze po 8 h aktywacji kwasem siarkowym z wymiang kwasu po 1.3
BRIEH :
1 — Si0,, 2 — Al,0;, 3 — Fe,03, 4 — CaO, 5 — MgO

Fig. 4. Rentgenogramy probki 1
a — surowej, b — aktywowanej kwasem siarkowym 1h, ¢ — aktywowanej kwasem
siarkowym 3h, d — aktywowanej kwasem siarkowym 5h, e — aktywowanej kwasem
siarkowym 8 h, f — aktywowanej kwasem siarkowym 8 h z wymiana kwasu po 1, 3, 5
igh

Fig. 5. Termogram probki 1 itu krakowieckiego z Machowa

Fig. 6. Termogram proébki 1 ilu krakowieckiego z Machowa aktywowanego kwasem

siarkowym 8 h

Fig. 7. Termogram proébki 1 ilu krakowieckiego z Machowa aktywowanego 8 h z wy-
miang kwasupo 1, 3,51 8h

Fig. 8. Widma absorpcyjne w podczerwieni probki 1 po:
a—1h,b—3h,¢c—5h,d—8h aktywacji kwasem siarkowym

Fig. 9. Widmo absorpcyjne w podczerwieni probki 1 aktywowanej kwasem siarko-
wym 8 h z wymiang kwasu po 1, 3, 5 i8h
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Jewex CTOX, Kwuwrop BEATPAHOBCKH, Jleokadus BYEK,
Eocu ®HAJ

OBECUBEYUBAIOLLHE CBOMCTBA TJIMHHUCTOTO
HEBEHTOHUTHOTO CbIPbsl H HX BUJOU3MEHEHHUS

]. KUCJIOTHAS AKTUBALHMS MHUOILIEHOBBLIX I'IMH M3 MAXOBA

PesoMme

ITpoBOAMIMCEH UCC/ICOBAHNS KUCJIOTHOM aKTHBAIHK MHOIIEHOBLIX TVIHH M3
Maxosa BGau3H TapHOOXKera, B COCTaB KOTOPBIX BXOJHT MOHTMOPHJIJIOHHT,
WJIJHT, XJOPHT M He3HauuTeJbHOE KOJHYECTBO KAOJHMHNTA, KBapla M OuKap-
OoHaTHl (KaJbLHUT, LOJOMHT, cugeput). MOHTMOPWIJIOHAT B IVIMHAX M3 Ma-
<0BA OTJMYAETCS] OT MOHTMOPHJIIOHATA B GEHTOHUTAX GOJbIIUM COAEPHKAHUEM
Fe B OKTa3[ApHUCCKHX CJIOSIX M aJJIIOMHHUS B TeTpaspuUecKoM cjaoe. AKTH-
pauust nposoanaack 16% pacTBopom CepHOi KHCJIOTBI TIPH TeMnepaType 96R.C.

Ha nepsoit 3Tane aKTHBALUH (koTopas Kopoue l uaca) pacTBOPSIOTCA
GukapGOHATHBIE MIHEPAJIBL (kanbUKT, TOJTOMHT, CH/IepHUT) M CBOOO/HBIE OKH-
chl JKeJe3a, a TaKKe, BEPOATHO, aMOpOHble BEUIeCTBA THIA amoana.
TanpHEeHIKH TPOLEcC SKCTPAKIUE XUMHUIECKUX KOMIIOHEHTOB TJIMHBI MPOTE-
kaeT ¢ MeHbIIe/l CKOPOCTbIO, @ B PACTBOP MEPeXOAAT KaTHOHDL H3 CTPYKTY PbI
IVIHHUCTBIX MHHEPaJoB.

Ha neppoii 3Tame pacTBOPeHHsl MPOMCXOAUT BbinalaHue U3 pacTBopa
cyabdaToB KaJbIlHs, MATHHs H, BEPOSTHO, XKEJIE3a- WX pacTBOPHMOCTD BJIHSAET
Ha KOJMUECTBO KATHOHOB Y/AJSIEMBIX M3 CTPYKTYpBI DVIMHHCTBIX MUHeEpaston
H3-32 BO3JEHCTBHS CEPHON KHUCJIOTBHI B flaJbHENIed aKTHBAIUH.

[Moce TPEéXuacoBOil AKTHBAUMM OTMeuaercs Bblalabne H3 pacTBopa
aMop(OHOro KpeMHe3eMa.

CylecTByeT BO3MOXHOCTb HCKIIOUUTH SIBJICHHE BbINalaHU cyabdaToB
i KpemHe3éMa MyTEM aKTHBAUMHU C o6MeHoOM cepHoit kucaoTel. Torxa mocne
nepHosa Gosburero, yeM 1 yac, KOJMUECTBO 3/EMEHTOB nepexoAdIux B pa-
CTBOp OMpejiensieTcsi pacTBOPEHHeM INIMHACTEIX MHHEpaJos, raaBHBIM 00pa-
30M MOHTMOPHJJIOHHTA. YBENHYMBAETCS TOTJa TOXKE KOJTHYECTBO PACTBOPOB
AJNTIOMAHASL B MarHusi.

[TocTosIHHbIE OKOPOCTUH PaCTBOPEHHS KAaTHOHOB U3 NPOCTPAHCTBEHHOMN pe-
MIETKH TJIMHUCTHIX MHUHEpPAJIoB MOKa3bIBAIOT, 4YTO C HaiboabIIENH CKOPOCTHIO
NPOHCXONT yAajeHHe MarHus, MejUleHHee xKeae3a u alIIoMUHH.

10 00BACHAETCS TeM, YTO KaTHOH aJlJIIOMHHHS, 06Jafaomuil Haub0ab-
LIMM MOHHBIM TMOTEHIMAJO0M, JAdaeT B CTPYKType camble CU/IbHBIE CBA3H C KH-
CJI0POJIOM M THAPATHBIMH TPYNIaMH MOHTMODHJVIOHHTA, d KATHOHDL Kesesa
1 MATHHS C MEHbIIHM HOHHBIM TIOTEHLHAJIOM, ciabee CBS3aHHEIE B CTPYKTYpe
[JIMHUCTHIX MUHEPAJIOB, MoAIexRaT 6ojee GbICTPOMY YAAJEHHUIO.

[lo pesyabTaTaM pPeHTreHorpaduuecKux HCCIeNOBaHWK BHAHO, YTO BO
BpeMsi aKTUBAIMK TJIMH B CaMOi OOJIBIIOH CTeneHyu Hapyuiaercs CTPYKTYpa

MOHTMOPHJIOHHTA ¥ XJOPHTA, B MeHblUeH CTENeHH HIIMTA, a KAOJHHHUT
NpaKTHIECKH HE N3MEeHSeTCs.

B uH(paKpacHOM CIEKTPe MOTJIOUIEHHS AKTHBAPOBAHHOM TJIHHBI TIPOUCXO-
AUt ocjaabJjeHre MHTEHCHBHOCTH MOJIOCHI TMAPOKCHJIBHBIX TPynm B obacTH
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3625 cm—1, a raxxe jedopMalHOHHBIX KoaeOauuit Al-OH u BanenTHbIX Al-O
MOKA3bIBAIOLLee, UTO MPONCXOAHT YAAJeHHE KAaTHOHOB H3 OKTa3/IPHUECKHX
CJI0EB B TVIHHUCTBIX MUHEpaJax.

AKTI/IBauLLHﬂ ¢ 0OMEeHOM KHCJOTHI SIBJSIETCS 3a OJHO NMPHUUYMHOH OOJbIIMX
HaPYIEHHI CTPYKTYPbl MIHHHCTHIX MHHEPAJIOB MO CPaBHEHMHM C aKTHBallHeil
3 CTATHUYECKHX YCJIOBHAX.

JleficTBHE CepHOM KHCJIOTHI BBI3bIBAET yBe/JIHUEHHE KOJHYECTBA BO/bI, KO-
Topasi yBOJSETCS BO BPeMs MOJOrpeBa aKTHBHPOBAHHON TJIMHBI MPH TeMrie-
parype oxoso 560°C u 800°C. dto, no Beei BeposTHOcTH, Boa rpynn OH,
KOTOpble MTPAIOT POJIb AKTHBHBEIX IIEHTPOB 0OPa30BAHHBIX BO3JEHCTBHEM Cep-
Hoit KueaoThl. Mx o6pasoBanie NMPUAAET aKTHBHPOBAHHBIM IJIMHAM obecuse-
quBAfOLIMe CBONCTBA.

OBBACHEHUS K OUTYPAM

dur. . JlkarpaMMa MHHEPaJbHOTO COCTAaBa KPAKOBEUKHX IVIHH N00bITBIX M3 TyOuHBl 132 M
BbILIIE YPOBHEHH MOPSI
| — MOHTMOPHJUIOHHT, 2 — HJUJIMT, 3 — XJIODHT, 4 — KaOJNHHHT, 5§ — KBapl, 6 — JOJOMHT,

7 — KaJbuur, 8 — moseBojt wmnat, d — NpHBEAEHHBIH AHAMETD

®ur. 2. Crenenb pacTBopeHHst H3ODPAHHBIX (paKIUil KPAaKOBEIKHX VM H3 MaxoBa aKkTHBH-
POBAHHBIX CEPHOH KHCJIOTOMH
a — o6pasen 1, b — oGpasen 2, ¢ — o6paser; 3, d — obpasen 4, e — oGpasel / aKTHBHPOBaH-
HBlii CepHON KHCJOTOH B TeueHHe 8 yac. ¢ OGMEHOM KHCJIOTLI mocie 1, 3, 5 u 8uac.

dyur. 3. KonnyecTBO TJABHLIX XHMHYECKHX KOMIOHEHTOB KpAaKOBELUKHX INIHH (o6pazen 1)
B pacTBOpe mocje 8 4acoB aKTHBAIHH CepHOH KHCJIOTOH ¢ OOMEHOM KHCJIOTBL rocae
1355 1 8udc
1 — Si0,, 2 — Al,O;, 3 — Fe,0;, 4 — CaO, 5 — MgO

®ur. 4. Penrrenorpammbl o6pasia I
@ — CcHIPOro, b — aKTHBHPOBAHHOIO CEPHOMH KHCJIOTOH B TedeHHe | 9aca, ¢ — aKTHBHPOBAaHHOrO
cepHOil KHCJIOTOl B TedyeHHe 3 yac., d — AKTHBHDOBaHHOTO CEpPHOH KHCJIOTO/t B TedeHHe 5 dac.,
e — aKTHBHPOBAHHOTO CepHOH KHCJIOTOH B TeueHHe 8 wac., f — AKTHBHPOBAHHOTO CEpHOIl KHCJIO-
1oil B Teuenue 8 wac. ¢ oGMEHOM KHcJOTHl nocre I, 3, 5 u 8 uac.

@ur. 5. Tepmorpamya o6pasua / KpakoBEUKHX [VIMH H3 Maxosa.

@ur. 6. Tepmorpamma oGpasua I KpaKOBELUKHX TMIHH H3 MaxoBa aKTHBHPOBAHHOTO CEpHOIl
KICJIOTOH B TeueHue 8 4acoB

Qur. 7. Tepmorpamma o6pasiua / KpaKkOBEUKHX TVIHH H3 MaxoBa akTHBHPOBAHHOTO B TeYEHIE
8 4acoB ¢ oGMeHOM KHCJIOTHL mocae 1, 3, 5 u 8 gac.

®ur. 8. UK-crexrp norsomenns o6pasua I
a — mocae | waca, b — mocje 3 4yacos, ¢ — mocie 5 yacoB, d — nocje 8 yacoB aKTHBAULu:l
cepHOH KHCJIOTOM

Gur, 9. UK-crekTp morvionierus o6pasua / akTHBHPOBAHHOIO cepHOil KHCJIOTOi B TeUeHie
8 yac., ¢ 06MEHOM KHCJIOTHI Nocje 1, 3, 5 u 8 vacos




