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Abstract. In the North-Sudetic Depression (Lower Silesia) there occur San-
tonian sandstones with the cement consisting of kaolinite and small amounts of micas
and illite. The kaolinite shows a very high degree of crystallinity. By washing of
sandstones, kaolin is obtained. It finds application in whiteware production, paper-
-making and other branches of industry. The paper presents detailed investigations
of clay minerals occurring in these sandstones, as well as of the shape and size of
their grains. The genesis of clay minerals is also discussed.

INTRODUCTION

The Maria III deposit situated at Oldrzychéw near Nowogrodziec (Je-
lenia Géra province) is mined for Santonian sandstones. These sandstones
have a kaolinite cement with mica admixture (sedimentary kaolins) and
soak readily in water. When they are subjected to washing and other
treatment, clay fraction is separated from quartz and washed kaolin, the
s.c. Maria III kaolin, is obtained. It has a wide range of application, e.g. in
whiteware and paper industries, as plastic and rubber fillers, etc.

The Maria III deposit of Santonian kaolinite sandstones is situated in
a deep tectonic depression striking WNW—ESE, referred to as the North-
-Sudetic Synclinorium. It is filled with Carboniferous (Westphalian), Per-
mian (Rotliegendes), Triassic (Buntsandstein, Muschelkalk) and Upper
Cretaceous sediments.- Santonian sediments, represented by clays and sand-
stones with clay and brown coal intercalations, constitute a major litho-
stratigraphic unit of the Cretaceous. The argillaceous sandstone series
attain up to 400 m in thickness. These are brackish and deltaic deposits
(Milewicz 1968) extending virtually throughout the Synclinorium.
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In the geological profile of the Santonian of the Fore—Suc}et.lc Synch—
norium thegfollogwing rp)>e’crograp}'1ic types of sediments can .be distinguished:

__ sandstones with a kaolinite cement with mica admixture,

__ kaolinite clays with mica or illite admixtures,

— kaolinite-illite clays. -
In the Suszki area the coyrltent of sandstones is about 40%, that of kaolinite
clays — 40% and the content of kaolinite-illite clays — 20%. .

The Santonian sediments show fairly distinct cyclic alteration of beds.
Each cycle comprises fine-grained kaolinite-illite clays overlain by coarser-
-crystalline kaolinite clays with a mica or illite admixture and sandstones
cemented with kaolinite with a mica admixture. _

The Santonian kaolinite clays are exploited for the needs of ceramic
industry in several mines (Janina, Bolko) located near Bolestawiec.

MINERALOGICAL COMPOSITION OF KAOLINITE SANDSTONES

The sandstones recovered from the Maria III deposit at Oldrzychow
are medium- or fine-grained. White concentrations of clay substance up
to 0.5 mm in size have been noted between quartz grains. Due to this, the
sandstones macroscopically bear resemblance to weathered arkose sand-
stones.

Microscopic examinations have revealed that the sandstones in question
have fairly high porosity. They are made up of angular or sub-rounded
quartz grains with concentrations of kaolinite in between. The bulk of
kaolinite forms aggregates pseudo-
morphous after feldspars. Fairly
common are large kaolinite aggre-
Chemical composition of kaolinite sand- gates (Phot. 1), similar to those

Tiable 1

stones found in primary kaolins, being the
product of weathering of micas.
Component Content, A.longside of kaolinite, large musco-
weight % vite flakes showing a high degree of
: kaolinization can be encountered.
Si0, 88,41 Quartz appears, as a rule, in the
TiO, 9:22 form of single grains; aggregates of
Al;O4 11.01 fine grains are not too common. The
Fe;04 0.26 majority of quartz grains extinguish
MnO 0.002 uniformly; about 20% shows wavy or
MgO 0.14 mosaic extinciton. Some grains con-
CaO 036 tain tourmaline (Phot. 2) and occasio-
ﬁzaoo ‘(’)i’; nally cyanite or rutile inclusions.
10525 hdation 430 Accessory minerals are represen-

ted mainly by tourmaline, but alsa

single grains of zircon, rutile and sometimes sillimanite are present.
Anatase is very scarce.
The average chemical composition of kaolinite sandstones from the

I\T/Iagia 111 deposit, calculated from the data of several authors, is given in
able 1.
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Table 2
Grain-size distribution of kaolinite sandstone

D pm Content.of grains D pm Content of grains
of Stokes diameters <<D of Stokes diameters <D

2000 99.6 20 19.6
1020 99.2 15 18.7

750 97.3 10 17.5

490 92.5 8 16.7

300 80.5 6 15.8

102 30.3 5 14.7

60 23.6 4 13.7

40 22.4 3 13.0

30 20.9 2 11.4

25 20.7

The grain-size distribution of sandstones is shown in Table 2 and
Figure 1. For <60 pm fractions it was determined on a Sartorius sedi-
mentation balance whereas for >> 60 um fractions, using dry sieve method.
It has been found that sandy fraction (> 0.1 mm), which is fine-grained
(average grain size 0.2 mm), makes up about 70 weight %. The content of
silt fraction is very low, while <<40pm fraction constitutes about
22 weight % of sandstones.

In general, the grain-size distribution of sandstones in the deposit is
constant; its variations are relatively insignificant although both coarse-
—grained sections, containing grit fraction, and fine-grained silt sections,
rich in very fine-grained quartz, can be encountered locally.

By washing of kaolinite sandstones, washed kaolin is obtained of a che-
mical composition as shown in Table 3. Its mineralogical composition is
as follows:
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Fig. 1. Grain-size distribution of kaolinite sandstone
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Table 3
Chemical composition of washed kaolin (KOC variety)
tent
Content, 1 o t Con A
ponen : s
Component weloht % l weight %
I
Si0, ‘ 54.2 l MgO 0.15
TiO, 0.52 | K,0 0.60
ALO; ; 32.18 L Na,O 0.07
Fe,04 i 0.49 | Loss on ignition 11.50
CaO i 0.22 L
Table 4
Content of representative chemical components of grain-classes of washed kaolin
} Content, weight %
Grain-class, (£ ; Souse n ke SRS bR S T, =
e ‘ total soluble* 1 loss on ignition
K,0 Na,O
' Fe,04 Fe,04 r | 573—127 3K
‘ -
>30 i 0.28 0.10 0.48 0.08 l 5.60
30—15 22027 0.07 0.68 0.08 | 6.48
15—5 | 035 0.04 0.84 0.06 i 8.96
5—2 { 0.35 \ 0.07 0.76 0.06 ‘ 11.42
2—0,5 | 0.50 0.14 0.48 0.06 | 13.08
<0.5 1.16 0.47 0.84 0.06 { 12.80
* Mehra, Jackson (1960) — method.
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Fig. 2. Distribution of major mineralogical components among
grain classes of washed kaolin
1 — kaolinite, 2 — quartz, 3 — micas
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kaolinite
muscovite + illite
quartz

76 weight %,
7 weight %,
17 weight %.

The content of representative chemical constituents in grain classes of
this kaolin is presented in Table 4 and their mineralogical composition in
Table 5 and on a diagram (Fig. 2).

A feature deserving note is the relatively large size of kaolinite grains,
most of which range from 0.5 to 15 um in diameter (average grain size
1.6 pm). The content of micas is low, becoming somewhat higher in the
range 2—30 pm, in which preserved muscovite grains and sericite concen-
trate. Below 0.5 pm the content of micas increases again because illite con-
centrates in this size interval. Illite yields a diffuse 001 line in X-ray dif-
fraction patterns whereas this line produced by micas from coarser classes
is very sharp (Fig. 3).
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Fig. 3. Fragments of X-ray diffraction patterns of grain classes of washed kaolin

85




Table 5
Content of main mineralogical components in the grain — classes of washed kaolin
Content of Content of mineralogical Crystallinity
Grain-class, grain- components, weight % index of kaoli-
pm -class, nite
weight % | kaolinite micas quartz Typo : L1
=>30 4.7 39 5 56 not determi-
ned
30—15 6.9 43 8 49 not determi-
ned
156—56 16.5 61 9 30 0.77
—2 27.3 79 1 14 0.68
2—0,6 34.8 90 5] 5 0.62
<3026, 9.8 88 9 3 0.68

Kaolin from Oldrzychéw contains a relatively large amount of fine-
—;%ra‘med quartz which has been noted even in << 0.5 pm class (Fig. 2, Ta-
ble 3).

KAOLINITE

Kaolinite occurring in the cement of sandstones is coarse-crystalline.
Above 2 pm it form aggregates of this flakes, as seen on photographs of
grain glasses 15—5 um and 5—2 pm taken with a scanning electron micro-
scope (Phots 3, 4). Some kaolinite grains exhibit a hexagonal or pseudo-
platesrhombic habit, typical of this mineral (Phot. 5).

Kaolinite of grain-size << 2 pm appears as thin flakes usually hexagonal
in outline. This is visible on photographs taken with a Zeiss electron mi-
croscope, using carbon replica technique with platinum shadowing
(Phot. 6) *.

o Itis interesting to note that kaolinite flakes are not only regular but,
in most cases, also have smooth surface without perceptible growth steps
or defects.

To define precisely the shape of kaolinite grains, photographs of
< 2 um class were taken with electron microscope, adopting a procedure
proposed by Henning (1976). Length, breadth and thickness (the latter
from the shadow length on photographs) of kaolinite flakes were measured.
Also length-to-breadth and length-to-thickness ratios were determined.

The results (Table 6) indicate that the habit of kaolinite flakes resem-
bles an almost ideal hexagonal plate. The length-to-breadth ratio for such
plate equals unity. For the kaolinite studied this ratio is 1.3—1.4, which
points to relatively slight elongation of flakes. The length-to-thickness
ratio in size interval 1.2—3 um is close to 10, corresponding to that deter-
mined by Conley (1966) on the basis of statistical analysis of kaolins. Flakes

* The : s . . . . . . .
Sk investigations were carried out at the Uniwersitat Greifswald, Geologische

86

Table 6
Size of kaolinite flakes <<2 pm

; Medium
Grain- lﬁi‘:&m breadth- ﬂfi’lcid;:;‘ olameEr S0 el e Content of
_class 5 _B 3 o B T T grain-class,
B um pm %
wm
<0.2 0.14 0.10 0.02 0.12 1.31 | 6.20 | 4.71 39.86
<0.4 0.32 0.24 0.04 0.28 1.32 | 7.31| 5.63 62.76
<0.6 0.57 0.42 0.08 0.50 1.32 | 6.77 | 5.09 74.75
<0.8 0.80 0.56 0.11 0.68 142 | 7.01 | 4.94 83.91
<1.0 1.03 0.74 0.14 0.88 1.38 | 7.07 | 5.10 89.76
=12 1.25 0.91 0.13 1.08 1.36 | 9.05| 6.62 94.24
<1.4 1.52 1.06 0.16 1.29 143 | 9.35| 6.49 96.39
<1.6 1.68 1.25 0.19 1.47 1.34 | 870 | 6.48 98.24
<18 2.11 1.21 0.18 1.66 1.73 | 11.63 | 6.63 98.52
<2.0 2.20 1.69 0.22 1.89 1.38 | 9.69 | 7.00 99.22
<24 2.561 1.85 0.34 2.18 1.35 | 7.28| 5.38 99.61
<2.8 3.01 2.38 0.24 1 2.69 1.26 | 12.17 [ 9.61 99.70
<32 3.55 2.61 0.38 3.08 1.35 [ 9.23 | 6.79 99.90
<3.6 3.70 2.69 0.22 3.20 1.37 | 16.82 | 12.25 100.00

smaller than 1.0 um are thinner (length-to-thickness ratio about 7). Above
3.5 ym average thickness of flakes increases. This is consistent with micro-
scopic observations which have revealed that above 2 um flake aggregates
frequently appear instead of single flakes.

From X-ray investigations it appears (Fig. 3) that the structure of kao-
linite is well ordered. X-ray crystallinity index Iys0/I1m (Stoch, Sikora 1966)
for kaolinite is 0.77 for grain size 15—>5 um, 0.68 for size 5—2 um, 0.62 for
size 2—0.5 um and 0.68 for grains <C0.5 pm. This index for well ordered
kaolinite has a value of 0.7 whereas for disordered kaolinite — 1.2—1.8.
Due to the presence of quartz, Hincley’s crystallinity index cannot be
determined. This index for the grain class << 0.5 wm, virtually free of
quartz, is 1.16 and for the class 2—0.5 pm — 1.34.

Thermal curves for respective grain classes of kaolinite show an endo-
thermic peak at 843 K (570°C) and a very intense and sharp exothermic
peak at 12563 K (980°C). The shape of DTA endothermic peak and DTG
peak at 843 K changes with the grain size.

Figures 4 and 5 present DTA curves obtained for analyzed grain clas-
ses. It is interesting to note that for classes 30—15 um and 15—5 um the
endothermic peak shows a prenounced inflexion at 953 K (680°C). This
testifies to the presence of kaolinite with a higher dehydroxylation tempe-
rature, usually referred to as kaolinite 700 (Hayes 1963; Keller 1966, 1967).
This kaolinite is a common constituent of the Santonian clay sediments
of the North-Sudetic Depression (Stoch 1978).

The endothermic peak of the grain class 2—0.5 um is symmetrical, as in
the case of well ordered kaolinite. An asymmetric kaolinite peak is yielded
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by < 0.5um fraction. This change in the peak symmetry is due to the
small size rather than the degree of crystallinity, which becomes obvious
when thermal analysis is compared with X-ray investigations.

Data concerning the degree of ordering of the structure are also provi-
ded by infrared spectra. The intensity ratio of the 3692 cm~! absorption
band (stretching vibrations of free OH groups on the surface of octahedral
sheet of the kaolinite layer) to the 3648 cm~! band (vibrations of OH gro-
ups participating in interlayer hydrogen bonds) was assumed after Keeling
(1963, 1965) as a measure of ordering. This ratio for kaolinite from diffe-
rent grain classes is as follows:

> 30 um 2.14,
30—15 pm 1.84,
15— 5 pm 1.60,
5— 2 um 1.52,
2—0.5 pm 1.82,
< 0.5 um RIS
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Fig. 4. Thermal curves for coarser gra-

in classes of washed kaolin
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ses of washed kaolin (continued)
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As can be seen, this index varies over a wide range, which is partly
due to orientation of kaolinite flakes. It has been found that the intensity
of some kaolinite absorption bands in the region close to 3600 cm’!~ is sen-
sitive to the degree of grain orientation. Nevertheless, the ratio has the
lowest value in the size interval 15—2 pum. Both in finer and coarser clas-
ses, kaolinite shows a considerably lower degree of ordering of the struc-
ture. A similar trend has ben observed for X-ray crystallinity index.

MICAS

Inferences regarding the occurrence and nature of micas can be made
on the basis of microscopic and X-ray investigations. Because of the
small grain size, it was imposible to obtain an amount sufficient for de-
tailed analysis. The intensity of the 10 A line of micas in X-ray diffraction
patterns of different grain classes shows substantial variability (Fig. 3).

Since feldspars are absent in the sandstones studied, there should be
a correlation between the intensity of mica lines and potassium content.
Such correlation failed to be noted in the analyzed grain classes because
the intensity of the basal reflection of micas from different grain classes
is affectted not only by the degree of their crystallinity but their chemical
composition as well.

The mica line has the highest intensity in the grain class 30—15 pm, in
which preserved non-kaolinized fragments of muscovite flakes are con-
centrated. In classes 15—5 um and 5—2 um sericite-type secondary micas
are present, forming in the process of weathering of feldspars. Their ba-
sal reflections are much less intense. Fractions 2—0.5 ym and <<0.5 pm
give very weak and diffuse basal lines. Illite-type fine-grained minerals of
the mica group occur in these classes. From the diffuse 10 A line it can
be presumed that illite from <C0.5 um class contains montmorillonite in-
terstratifications.

JRON AND TITANIUM OXIDES

Mineral forms of iron and titanium oxides occurring in sandy fraction
are different from those present in clay fraction. The contents of iron
and titanium oxides, as well as the content of heavy minerals in grain clas-
ses coarser than 60 um are given in Table 7.

Microscopic observation of heavy minerals separated from these clas-
ses in bromoform has revealed that sandy fraction (0.5—0.1 mm) conta-
ins a substantial amount of micas and tourmaline. Single grains of zircon,
rutile and, sporadically, partly leucoxenized anatase have been identified.
It is conceivable that sillimanite is present as well. This fraction also con-
tains quartz with rutile inclusions. In silt fraction (0.1—0.6 mm) micas
and tourmaline are less abundant whereas the content of zircon and rutile
is fairly high. Anatase (Phot. 7) is relatively amply represented. Sporadic
occurrences of sillimanite have been noted in this fraction as well.

Separation of heavy minerals from the sandy fraction results in a de-
cresase in the content Fe;0; and TiO; down to 0.037% and 0.042% respec-
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tively. It follows therefore that heavy fraction is a carrier of about 50%
Fe,0; and 30% TiO,. After it has been removed, the sandy, fraction — on
account of the content of colouring oxides — meets the requirements speci-
fied in raw material standards for good-quality glass-making sand.

Washed kaolin shows a different distribution of iron and titanium oxi-
des (Table 4). Characteristic is the distribution of TiO, among respective
grain classes (Fig. 6). Its content is higher in << 0.5 pm class, as well as in
fractions coarser than 15 um.

Titanium occurs in all the fractions, mainly in the form of anatase.
The content of this mineral determined by X-ray method (Wiewiéra 1970)
in samples heated at 833 K (560°C) is given in Table 8. Anatase appears

Table 8
Anatase content in grain-classes
T abdie q (determined by X-ray method)
Content of colouring oxides and heavy mine- T
rals >60 um Grain-class, | Content of ana-
pm tase, weight %
Content, weight %
Grain-class, >30 0.8
mm TiO, | Fe,04 P_Ie"’“’yl 30—15 0.7
minerals 15—5 05
>0.5 0.059 0.10 0.011 5—2 0.5
0.5—0.1 0.068 0.084 0.188 2—0.5 0.4
0.1—0.06 0.26 0.15 1.051 <05 1.0
124
10 —_‘,
N
=¥ |
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= |
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Fig. 6. Distribution of TiO, among grain classes of washed kaolin

in .the .form of well developed crystals, as can be seen on micrographs of
this mineral separated from the clay fraction (Phot. 8). It can be presumed
tha‘t anatase crystallized in situ, fixing titanium released during kaolini-
zation of micas. It is feasible that TiO, occurs partly in the structure of
micas. TQ determine the amount of TiO, fixed in micas, a method was
z_adopged in volving studies of the kinetics of dissolution of wahed kaolin
in 10 /9 hydrpﬂupric acid. Figure 7 shows plots of the amount of K,0, Fe,O;
and TiO, going into solution as a function of dissolution time. From’ potas-
sium extraction curves it is evident that micas are completely dissolved
already with in 30 h as after this time all potassium passes into solution.
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ting only from dissolution of ana-

After 30 h, a weak line at 10 A can be observed in X-ray diffractogram

of the undissolved residue, testifying

to the presence of only a small

amount of micas. Weak quartz reflections are also present, but the domi-
nant mineral is anatase (lines 3.52, 2.42, 2.36, 2.33, 1.892, 1.698, 1.666 A).
Rutile lines have been recorded as well (3.25, 2.48, 2.20, 1.688, 1.620 A).

After a time longer than 30 h the
rate of increase in TiO, concentra-
tion in the solution is very slow.
This is because titanium origina-

tase and rutile goes into solution,

and these minerals are considera- !
bly more chemically resistant. i
Extrapolating the straight line
region of the curve corresponding
to dissolution of anatase to the =
origin of coordinates, it can be read %
that 0.025% TiO, falls to micas. Re- &
mebering that the kaolin studied 06
has a mica content of 7%, it has 4,
been calculated that micas contain 62
about 0.36 wt. % of TiO,. ‘
Washed kaolin contains 0.44%
Fe,0;. Iron distribution among in-
dividual grain classes is shown in X
Figure 8. The Fe,O; content in- 2D
creases systematically with de- <
creasing grain size. From the tech- %
UU4 A
002

Fig. 7. Dissolution of TiO,, K,O and
Fe,0, from washed kaolin in 10% HF
solution
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nological point of view, it is essential to know the content of chemically
soluble iron because it is this iron that affects the whiteness of kaolin in
raw state (Sikora 1974). To determine its content, the method of Mehra and
Jackson (1960) was adopted, involving
Table 9 dissolution of iron oxides in sodium
Whiteness of grain-classes of washed dithionite solution at pH about 7.
kaolin (A=459 um) Fine-grained iron oxides and hydro-
: xides, as well as a part of iron adsor-
Gt NG Whisgessd 1o bed on the surface of kaolinite (free
um raw after removing| iron oxides) are dlssolvgd. In this way,
material | soluble Fe,O, 0.17 wt. % of FeyOj, ie. 39% of ‘its

‘ total content is removed.

a0t a0y 69.4

The content of soluble iron in res-
30—15 68.3 72.9 pective grain classes is given in Table
15—5 740 | 77.7 4 and Figure 8. The finest classes
5—2 79.1 83.5 show a high iron content. A rapid
2—0.5 80.7 85.8 increase in its content with decrea-
<05 695 | 81.3 sing grain size, i.e. with increasing

specific surface area of kaolinite, has
: been noted below 15 um. It is presu-
mably the iron sorbed on the surface of clay minerals and its removal
improves appreciably the whiteness of kaolin (Table 9). The remaining
Fe,O; (fixed iron) is the iron present in the structure of micas or kaolinite
and it has no greater effect on the whiteness or raw kaolin (Sikora 1974).’

PHOSPHATES

Szpila and Dziezanowski (1978) detected basic lead and aluminium as
well as alunpmum and strontium sulphates and phosphate-sulphates of
the svanberglte, SrAl; (POy4) (SOy4) (OH)s, and hinsdalite, PbAl; (PO,) (SO,)
(OH)s, type in the finest grain class of kaolin obtained from Oldrzychow
sandstones. They also contain barium (920 g/1), strontium (360 g/t), lead
(420 g/t) and rare-earth elements (cerium, lanthanum). ’

GENESIS OF CLAY MINERALS

The bulk of kaolinite occurring in the cement of s
rzychow formed in situ, after their deposition. This s%craleci::r?gg‘f 1fsr Osrlrllpgf)(ti“—
ted by the presence of abundant large kaolinite aggregates and specifi-
cal]y., 01? pse,fudomorphs of this mineral after feldspars and muscovi’te which
are Isumlar in form to those occurring in primary kaolins.

It is feasible that the sediment which gave rise to the sa i
estion consisted originally of quartz, feldipars, muscovite Zr(icslti)%?s;giyqu
atﬁert.am amount of clay minerals. It owed its origin to the erosion of we-
athering crystalline rocks of the Sudetes. In the post-sedimentary stage
weathering of feldspars and micas was initiated in the sediment. This o—,
cess was promoted by intense infiltration of water through the p.orous s:n-
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dy sediment. In consequence, feldspars were completely decomposed, mus-
covite nearly so, and substantial amounts of iron were removed.

The rise of well ordered kaolinite in the form of plates exhibiting
a pseudohexagonal or nearly pseudohexagonal habit can be accounted for
by recrystallization of fine-grained kaolinite that formed earlier or was
brought with the sediment. Recrystallization of clay minerals in the post-
—sedimentation stage is a common phenomenon (Stoch 1977).

Illite is presumably also the product of weathering of feldspars and
transformation of muscovite.

TECHNOLOGICAL PROPERTIES OF WASHED KAOLINS

By processing of kaolinite sandstones from Oldrzychow, several varie-
ties of washed kaolins are obtained (Brzeczkowski et. al. 1976). Their tech-
nological properties are presented in Tables 10 and 11.

The basic product is KOC kaolin for whiteware industry. It has an
advantageously low Fe,O; content and good whiteness after firing. On the
other hand, its green strength is low, which is due to relatively coarse gra-
in size. A higher green strength is shown by FKW kaolin, which contains

Table 10
Technological properties of kaolins for whiteware industry
Variety
Properties KOC l W
Main chemical components, weight % ‘
|
Al,O4 32 1 32
Fe,Og 0.8 [ 0.6
TiO, 0.6 1 0.5
K,O-+Na,O 0.8 ; 1.0
Loss-on ignition 11 | 11
Content of grain-classes, weight %
>60 um 0.7 1 0.1
<5 pm 4.0 } 60
<2 um | lack of data 54
Main mineral components, weight %
Kaolinite 9 78
Quartz ’ 13 13.5
Micas 7.6 8.5
Technological properties
Whiteness (%) after firing at:
1473 K (1200°C) 76 ‘ lack of data
1623 K (1350°C) 71 ‘ 80
Green strength, kG/cm?* 7.0 { 14.5
pPH of suspension lack of data | 7
|
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Table 11
Technological properties of kaolins for paper industry

Variety
Properties
FPW HRPE

Content of grain classes, weight %

>63 um 0.1 0.01

>10 pm 15.0 3.0

< 5pum 60.0 9.6

< 2um 50.0 80.0
Main chemical components, weight % r

ALO, 32.1 36.49

F?goa 0.50 0.46

TiO, 0.49 0.49
Main mineral components,‘weight %

Kaolinite 79 89.5

Micas 6 5.

Quartz 17.4 5.5
Technological properties

Whiteness, % 80 83

Green strenght, kG/cm? 4 lack of data

PH of suspension 5 6

Fe;O5 — soluble in HCI, weight % <0.2 0.1

an addition of appropriately t i i i

_ y treated bentonite. It is also chemically blea-
ched. The technological parameters of these two varieties are comgara%?e
Wlt}Fl‘lg}'\li\cf)sli ofl.the Sedlec kaolin (Czechoslovakia).
4 aolin, used as filler, and fine-grained coatin i

; C ; g kaolin — FPP

trelf:;rrll(itleggifggl %argepz rltr'lduStfr}t’h B?th varieties are chemically bleached ’FII;E

ies of the latt in
nufactured Rt Claz;' ' er are close to those of SPS kaolin ma-

uartz grit, sand and silt obtained durin i
4 ) S : g the washing of kaoli

u:;etdfas tf_llter grit, glass—mgkmg sand, plastics fillers, etc.D The :;)111151 :rllg
grit iractions are partly utilized by prefabricated-house factories.

DISCUSSION

The Santonian kaolinite sandston

T e el es mined from the Maria III deposit

) ar Lower Silesia) contain kaolinite i i
cement. This kaolinite shows a high degree of crystallinity and i)cecérx}st;]f:—‘

dominatly in the form of plates exhibiting a habit close to hexagonal.

A part of kaolinite is cha i i
higher than normal (91??3%{ ol;agg%r"lg;.d i R o e
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The kaolinite in question formed presumably during weathering pro-
cesses operating in a porous sandy sediment that contained detrital felds-
pars and muscovite. Intense weathering and recrystallization led to the
formation of the kaolinite peculiar to these sandstones.

From the Otdrzychow sandstones washed kaolin, relatively low in Fe,O,
is obtained. Its content varies in respective grain classes, being the highest
in the finest classes, particularly << 0.5 pm. Titanium oxide, appearing ma-
inly as anatase, also concentrates in these grain classes.

A great part of Fe,O; present in the kaolin, i.e. about 30% of its total
content, is the iron adsorbed on the surface of kaolinite and that occurring
in the form of fine-grained oxides (free Fe,0;). The remaining Fe,O3 oc-
curs in the structure of micas (muscovite, sericite and particularly illite)
and in kaolinite. The amonut of Fe,O; in the structure of kaolinite is insi-
gnificant.

Washed kaolin obtained from the kaolinite sandstones of the North-
-Sudetic Depression finds application in whiteware production, paper-
-making and other branches of industry using mineral fillers (manufactu-
re of plastics, rubber, etc.).
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Leszek STOCH, Wanda S. SIKORA, Leokadia BUDEK

MINERALOGIA I WEASCIWOSCI TECHNOLOGICZNE
PIASKOWCOW KAOLINITOWYCH (KAOLINOW OSADOWYCH)
7ZE ZLOZA MARIA III W OLDRZYCHOWIE (DOLNY SLASK)

Streszczenie

Santonskie piaskowce kaolinitowe eksploatowane w kopalni Maria III
w Oldrzychowie kolo Bolestawca (Dolny Slask), zawieraja jako lepiszcze
kaolinit o wysokim stopniu krystalicznosci, wyksztalcony przewaznie
w formie blaszek o pokroju bliskim heksagonalnemu. Czes¢ kaolinitu cha-
rakteryzuje sie wyzsza niz normalnie temperaturg dehydroksylacji (999 K
tj. 650°C).

Kaolinit tworzy} sie przypuszczalnie w trakcie proceséw wietrzenio-
wych przebiegajacych w porowatym osadzie piaszczystym, ktory zawierat
detrytyczne skalenie i muskowit. Intensywne wietrzenie oraz procesy re-
krystalizacji doprowadzilty do utworzenia tak wyksztatconego kaolinitu
stanowiacego ich specyfike.

Z piaskowcéw tych otrzymywany jest kaolin szlamowany o stosunkowo
niskiej zawartosci Fe,0s. Jego udzial jest rozny w poszczegblnych frakecjach
ziarnowych; zwieksza si¢ bardzo znacznie w klasach najdrobniejszych
zwlaszeza < 0,5 pm.

Tlenek tytanu wystepujacy glownie w formie anatazu réwniez koncen-
truje sie w tych klasach.

Duza cze$¢ Fe,O; wystepujacego w tym kaolinie tj. okoto 30% jego
ogodlnej zawartoéci to zelazo zaadsorbowane na powierzchni kaolinitu oraz
w postaci drobnoziarnistych tlenkéw (wolne Fe,O;). Reszta Fe,O; wyste-
puje w strukturze mik (muskowit, serycyt) a zwlaszcza illitu. Ilos¢ Fe,O;
w strukturze kaolinitu jest niewielka.

: Kaolin szlamowany otrzymywany z piaskowcow kaolinitowych niecki
polnoc_nosudeckiej moze byé wykorzystywany w ceramice szlachetnej,
w papiernictwie oraz innych przemystach stosujacych wypelniacze mine-
ralne (produkcja tworzyw sztucznych, gumy itp.).

OBJASNIENIA FIGUR

Fig. 1. Rozklad wielkc$ci ziarn piaskowca kaolinitowego

Fig. 2. Rozklad gl(’)vynych skladnikéw mineralnych pomiedzy poszczeg6lne Klasy ziar-
nowe w kaolinie szlamowanym
1 — kaolinit, 2 — kware, 3 — miki

F%g. 3. Fragmenty dyfraktogramoéw frakeji ziarnowych kaolinu szlamowanego

F{g. 4. Krzywe termiczne grubszych klas ziarnowych kaolinu szlamowanego

ng. 5. Krzywe termiczne drobniejszych klas ziarnowych kaolinu szlamowanego (c.d.)
F*g. 6. Rozdzial TiO, pomiedzy klasy ziarnowe kaolinu szlamowanego

Fig. 7. Kinetyka rozpuszczania TiO,, KO i Fe,O, z kaolinu szlamowanego w 10% roz-

tworze HF
Tig. 8. Rozklad zelaza pomiedzy poszczegblne klasy ziarniste kaolinitu szlamowanego
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OBJASNIENIA FOTOGRAFII

Fot. 1. Pseudomorfozy kaolinitu po mice, Pow. X225
Fot. 2. Wrostki turmalinu w kwarcu, Pow. X570
Fot. 3. Klasa ziarnowa 15—5 pm — mikroskop skaningowy. Pow. X 1000
Fot. 4. Klasa ziarnowa 5—2 pm — mikroskop skaningowy. Pow. X 1000
Fot. 5. Klasa ziarnowa 5—2 pm — mikroskop elektronowy. Pow. X 10 000
Fot. 6. Klasa ziarnowa < 2 pm — mikroskop elektronowy. Pow. X 12 600

I

Fot. 7. Mineraly ciezkie z klasy ziarnowej 0,1—0,06 mm, 1 nicol. Pow. X295
A — anataz

Fot' 8. Anataz z kaolinu szlamowanego — mikroskop elektronowy. Pow. X 8400

Jewerx CTOX, Banda C. CHKOPA, Jleokadus BYJ[IK

MUHEPAJIOTUSI U TEXHOJTOTHMYECKUE CBOMCTBA
KAOJIMHUTOBBIX MECYAHUKOB (OCAJOYHBIX KAOJIMHOB)
B MECTOPO)XJIEHUM MAPHS 11l B OJIAPXHXOBE
(HHKHSISE CUJIE3HSI)

Pesome

Kao/JHHHTOBbIE MECYaHHKH CAHTOHCKOTO sipyca JOOBIBAIOTCA B MIAXTE
Mapus 111 B Oaapxuxose BGIH3H Bonecnasua (Huxnss Cunaesus). Co-
JlepKat OHM KAOJMHHT, KOTOPDIH SIB/IACTCS UEMEHTOM, € BBICOKO# CTeNneHbIO
coBepIIeHcTBAa. B OCHOBHOM KaOJHMHHT NpeACTABJIEH MJIaCTHHKAMH C ralH-
TycOoM OJIH3KMM TeKCaroHajbHOMY. YacTh KAOJHHHUTA OTJIHUYACTCS BBICIIEH,
yeM HOpMaJsibHasi, TEMIepaTypoil JerHApOKCHIH3AUHH (999 K, t.e. 650°C).

KaoJuHHT 06pa3oBascs MPEINONOKHTENPHO BO BpeMs NPOLECCOB BhI-
BeTPHBAHHUs, KOTOpble MPOXOJAWIH B MOPHCTOM NeCuaHoM ocajiKe, COMEpIKa-
LM JIeTpPUTHUECKHEe TOJIeBble MMaThl i MYCKOBHT. M HTEeHCHBHOE BbIBETPH-
Banye M NMPOIECChl PeKPHCTAIIH3AUUH NPUBETH K 00pPa30BAHUIO KAOTHHHTA,
KOTOPDIH SIBJSIETCS UX Pe3YJIbTATOM.

C 5THX NeCYaHHKOB MOJYYaercss OTMYUeHHBIHl KaoJHH €O CPaBHHTEJLHO
nuskuM cojepxkanuem Fe,Os. Ero coneprranue ObiBaeT pasHbIM B (hpaKIHAX
pPA3HOTO AMaMeTpa 3€pH; 3HAUMTE/BHO MOBbIIACTCA B CAMBIX MeJKuX (pak-
1Msix, a ocobenno Bo Gpakuuu Hike 0,5 uM.

OKuCb THTaHa, KOTOpasi MPHCYTCTBYeT IVIaBHBIM 00pasoM Kak aHaras,
T0KE KOHILEHTPUPYETCsi B 3THX (paKIUAX.

3pauuTesbHas yacTb Fe,Os, KOTODBIA COJAEPKHTCSI B 3TOM KAOJHHE, T.C.
0KOJI0 30% ero Ieaoro CoAepKaHusl, sIBJISETCs KEeIe30M afcopOHPOBAHHBIM
ja MOBEPXHOCTH KAOJHMHHTA, a TaKKe B gopMe MeJKO3ePHHCThIX OKHCJIOB
(cBoGomublil FeyOy) . Ocranibuast 4acTh Fe,O; COEPIKATCS B CTPYKTYpe CIIIOL
(MyCKOBUTA, CEPHIMTA), a OCOOEHHO B HJIHTE. Konuuectso Fe,O3 B CTPYK-
Type KaoJMHHTA He3HAUHTEIbHO.

InaMoBaHHEI KAOMHH, HOGBITHIA H3 KAOJHHHUTHBIX NMeCUAHHKOB CEBEPHO-
-cy/leTckoro GacceiiHa, MOMKHO HCIOJIb30BATbL B TOHKOI Kepamuke, Oymax-
100)’| HpOMblLU.HeHHOCTII H B }_prl‘HX OTleCﬂﬂX ﬂpOMbHUJleHHOCTH, B KOTOPBIX
HCIMOJIL3YIOTCS Ml/lHepﬂﬂbllbl(‘, 3aMOJIHUTEH (ﬂpOHSBOlICTBO CHHTETHKOB, peé-
3UHBI U T.IL).
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@ur. 1. Pacnpeaenenye BeJHUHHBI 3€pH KaOJHHHTOBOIO MNecuyaHHKa

dur. 2. Pacnpenenenne OCHOBHbIX MIHEPAJIbHbIX COCTABJSIOWNX B (PpaKkuusx pasHOro jua-
MeTpa
| — KaOJMWHMNT, 2 — KBapu, 3 — CJAIO/bI

dyur. 3. PparmedTsl JuippakTorpaMMoB (pakxiihii 3epHa OTMYUYEHHOrO KaoJiHa

dur. 4. TepMuyeckHe KpHBble H3yuaeMblX (pakxiiii 3€épH

®ur. 5. Tepmuueckue KpHBble H3yyaeMblXx ¢pakuuii 3épH (IpomomKenHe)

@ur. 6. Pacnpenenenne TiO, Bo (pakiusx

®ur. 7. Kuuernka pactsopennst TiO K,O u Fe,Og H3 ormyuennoro kaoauna s 10% pac-
tBope HF

dur. 8. Pacnpenesiente xenesa B (Gpakuisax pasHoro aAHamerpa

OBBSICHEHHS K ®OTOTPAPHIM

®oto 1. ITceBromMopo3bl KaoaHHHTa Ha caoge. YBeanuenne X 225

®oto 2. Bkawouenusi TypmMasnHa B KBaple. YBeaunyenne X 570

®oto 3. Pparuusi 3epH 15—5umM -— cKaHHHHT-MHKpocKon. YBesnuedue X 1000

®oto 4. Ppakuus 3epH 5—2uM — CKaHHHHT-MHKpockomn. YBennuenue X 1000

®oro 5. Ppakuus 3epH 5—2 UM — 31€KTPOHHBIH MuKpockon. Ypeauyenue X 10000

®oto 6. Ppakuyusi 3epH MeHblle 2uM — 3/EKTPOHHBIIT MHKpOCKoOm. YBennuenue X 12600

doro 7. Tskénvie Munepannsl 13 ¢ppakuuu 0,1—0,06 uM, 1 Hukoab. Yseanuenne X 225
A — anaras

®doTto 8. ;;;;;1"83 13 LIJAMOBAHHOrO KaoJMHa -—— 3JEKTPOHHBIL MHKPOCKOM. YBeJdHueHue
< 8400

Phot. 1. Kaolinite pseudomorph after mica. Magn. X 225

Phot. 2. Tourmaline inclusions in quartz. Magn. X 570
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Phot. 6. Electron microscope image — grain-class <<2 um. Magn. X 12 600

Phot. 4. Scanning electron microscope image — grain-class 5—2 pm. Magn. X 1000
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AN

Phot. 7. Heavy minerals from grain-class 0.1—0.06 mm. 1 nicol. Magn. X 225
A — anatase

Phot. 8. Electron microscope image — anatase from washed kaolin. Magn. X 8400
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