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Abstract. Kaolin from Kalno contains up to 1.5% organic matter composed
of bitumens, humic acids and fulvic acids. Humic and fulvic acids have an aromatic
structure with functional groups such as hydroxyl, carboxyl, carbonyl and ester
groups. Bitumens have also been found to contain large amounts of aliphatic frag-
ments. The organic matter binds a part of iron present in the kaolin. Its removal
increases significantly the whiteness of kaolin.

INTRODUCTION

The industrial use of kaolins depends, among other things, on theit
colour. The colour after firing is controlled primarily by the content of
colouring elements, mainly iron and titanium, but in raw state it is also
significantly affected by the organic matter, which gives gray or brown
colour to these materials.

Studies of the organic compounds occurring in clays are carried on
mainly by pedologists and were initiated as early as in 1937 by Tiurin.

Investigations of Worrall and Green (1953) of the organic compounds
present in potter’s clay have shown their close similarity to lignite (brown
coal) occurring in the areas where clay is recovered. According to Worrall
(1956), lignite is the product of decomposition of vegetable matter, parti-
cularly of wood. This matter, consisting mainly of wax, resins, cellulose,
chemicellulose and lignin, decomposes as time goes on under the influ-
ence of bacterial activity. While cellulose is decomposed rapidly and
completely, wax and resins are subject only to insignificant changes, first
to peat and then to lignite. Wax and resins bear a common name of bitu-
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mens whereas the products of decomposition of lignin are refrred to as
humic acids. ' ;

Bojakowska (1975) proposed a division of the organic matter gi1§pe1'scd
in clay sediments into two genetic types: sapropelic substance arising due
to transformation of the organic remains of aquatic plants and animals,
and humic substance forming from land plants. This author found that
organic matter shows marked differentiation, depending on the physico-
—chemical conditions of sedimentation. In general, the matter from marine
sediments has a higher content of structures of the aliphatic type while
in land sediments aromatic structures are prevalent.

Humic substance, the acid character of which has been demonstrated
by several investigators, consists of sparingly soluble humic nciﬁds of
higher molecular mass, and of readily soluble fulvic acids. According to
Lakomiec and Kozakiewicz (1970), the occurrence of pure acid forms in
soils is doubtful; they tend to appear as salts and organo-mineral com-
plexes. There is, however, a certain divergence in opinions regarding the
mechanism of binding of the organic compounds by the surface of mine-
rals. Several investigators dealing with this problem agree that, firstly,
such complexes form due to the functional groups, such as alcohol, phenol
and carboxyl groups, characteristic of the humic substance, and, secondly,
that metallic, mainly iron and aluminium, ions take part in the formation
of stable complexes clay mineral — organic matter.

The studies of Khanna and Stevenson (1962) have revealed that clay
minerals containing iron or aluminium ions adsorb considerably greater
amounts of humic acids than those containing calcium or hydrogen ions.
The nature of such complexes has not been precisely defined. According
to Pohl and Schviete (1963), they form at pH between 5 and 6, and their
stability increases with time, which is characteristic of oxyhydrates. It is
also feasible that multivalent cations having the character of amphions
and occurring in the form of independent compounds can, as a result of
hydrolysis, form gel on the surface of the mineral which, due to the elec-
trostatic forces, helds together the negatively charged organic colloid and
the grains of clay minerals.

Schnitzer (1968) investigated the reactions between metals and fulvic
acids and found that the OH alcohol groups do not participate in them.
He thinks that the —COOH acid groups and —OH phenol groups play
simultaneously a significant role in these reactions whereas groups of
lesser acidity are of minor importance. Kononova and Titova (1961),
Dyakonova (1962) and Titova (1962) (fide Kauritschev et al. 1964) have
shown experimentally that humic and fulvic acids are capable of forming
chelation compounds containing iron. These authors have found that the
properties of iron-humic complexes are different depending on the nature
of humic substances, the degree of condensation of the aromatic nucleus
and the number of side chains containing hydrophilic groups. 1

Alexandrova et al. (1968) distinguished three groups of organo-mineral
derivatives of humus acids: heteropolar salts, complex salts, and adsorp-
tion complexes. The mechanism of formation of heteropolar salts involves
an exchange reaction between hydrogen of the functional groups of humus
acid and corresponding cations. Pure humates and fulvates of strong bases
are scarce in soils. More common are complex heteropolar salts, the most
important of which are iron and aluminium complexes. Iron and alumi-
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nium ions replace hydrogen of the functional groups, giving complex salts
in which metal does not behave as a cation. Ivon, for example, appears
in them as Fe(OH)** or Fe(OH)+2 and aluminium as A3+, Al(OH)** or
AI(OH), . Adsorption complexes of humus acids with clay minerals and
non-siliceous forms of sesquioxides are multiform and not well known
vet. The basic mechanism of their formation involves adsorption of humus
substances on sesquioxide gels, giving rise to organo-mineral complexes
of very variable composition which always have the ability to exchange
cations. Besides adsorption, chemical bonds may form and complex com-
pounds may rise on the film surface. Clay-humus complexes form by coa-

lescence films on the surface of clay minerals by means of intermolecular
forms of binding.

Investigating organo-mineral complexes, Schnitzer (1968) found that
the form of occurrence of iron and aluminium in these complexes depends
on the molar ratio of organic matter to metal. With the ratio being 1:1,
Fe appeared as Fe(OH)?* and aluminium as A1(OH)2*; in 3 : 1 complexes —
Fe(OH)2+ and AI(OH), , in 6 : 1 complexes — Fe(OH), and AI(OH);".

EXPERIMENTAL

Investigations of the organic substance from kaolin from Kalno near
Swidnica (Lower Silesia) were carried out on samples collected from the
deposit and those recovered from the 35N borehole.

The DTA curves obtained for the kaolin studied show thermal peaks
produced by the basic mineral constituents, kaolinite or halloysite, as well
as a broad exothermic peak between 300 and 400°C. This exothermic peak
corresponds to a slight inflexion on TG curves, due to the weight loss, and
to a weak peak on the DTG curve (Fig. 1). The sample in which these
effects were particularly pronounced was subjected to thermal analysis
combined with the analysis of gases evolving during heating, using
a Mettler thermoanalyzer. The measurements were made under vacuum,
and the composition of the evolving gases was determined with a Balzers
quadrupole mass spectrometer. The heating rate was 6°C/min. The results
are shown in Figure 2 as curves representing the relative amounts of
evolving gases of different molecular weights. It has been found that
during the heating of the kaolin, gases of molecular weights of 18, 28, 26
and 44 evolve. A molecular weight of 18 corresponds to water, 44 — to
carbon dioxide, 28 — to CO and N,. The constituent of a molecular weight
of 29 failed to be identified.

The most characteristic, however, is the water release curve. Its main
extremum corresponds to dehydration of kaolinite, which coincides with
an additional dehydration effect at 450°C. The latter is preceded by
a weak peak at 300—350°C. The two dehydration peaks are accompanied
by evolution of other gases. The first dehydration is attended by the
evolution extremum of molecules of a mass of 28, and of a gaseous com-
ponent of a molecular mass of 29. The second, additional, dehydration
peak is attended by the evolution of CO, (molecules of a mass of 44), and
it also corresponds to the second maximum on the evolution curve of
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a gas a molecular weight of 29 (CO, N,). Both dehydration processes are
1o be associated with the decomposition of organic matter (pyrolysis). It
is feasible that a part of CO, evolving at 400—450°C also originates from
the decomposition of siderite, which is most likely present in the sample.
From the analysis of gases evolving during the heating of samples it
follows that the exothermic peaks appearing on DTA curves between
300 and 400°C are due to combustion of the organic matter present in the
kaolin. The weight loss in this temperature range was arbitrarily assumed
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as representing the content of the organic matter present in the samples.
This content in the Kalno deposit varies with depth from 0.5 to 1.5%
(profile 35N).

Further investigations aimed to explain the nature of the organic
matter, its role in binding iron, as well as the effect of its extraction on
whiteness of the kaolin and on iron removability from kaolin.

Investigations were carried out on <<45um fraction of four kaolin
samples differing in colour but having a similar mineralogical composi-
tion, grain-size distribution and colouring oxides content. They contained
about 90% kaolinite, 4—6% micas and 4—7% quartz (Table 1). The content

Tiaibilie 1
Content of main mineral constituents in material <<45um
[weight %]
Index of
i 5 crystallinity
Sample Kaolinit
ol inite Micas Quartz o ikt
1010 gL 11‘0
Ko—1 91 ! 5) 4 0.84
Ko—1II 91 ' 5 4 0.84
Ko —1IIT 89 , 5 6 0.86
Ko —1IV 89 | 6 7, 0.84
Table 2
Carbon content in the organic matter extracts [weight %]
After ex- | After ex- | After first Aftzr N Sample
Raw traction traction extraction c:)n t.ex- after co-
Sample |/ aterial | of bitu- with with rac‘tx;l)n mplete ex-
| mens Na,P,0; NaOH N“:OH traction
Ko—1 0.11 0.10 0.069 | 0.028 0.038 0.067
Ko—1I 0.10 0.09 0.043 0.033 0.030 0.057
Ko —III 0.11 0.11 nidian 0.037 0.041 0.068
Ko —1V } 0.14 0.12 ‘ 0.056 0.038 0.028 0.069

* Not determined

of Fe,0; varied from 1.01 to 1.07% (Table 4). The carbon content, deter-
mined by Tiurin’s method (1951) modified by Oleksynowa, was 0.1—0.14%
(Table 2), which corresponds to 0.16—0.24% of organic matter. Samples of
lower whiteness (Table 3) contained a greater amount of organic matter.
To explain the nature of the organic matter, an attempt at its extrac-
tion was made, using a method devised by Boratynski and Wilk (1963).
This method is widely used by pedologists.
The extraction involved the following procedures:
1. Extraction of bitumens with a 1:1 mixture of ethyl alcohol and
benzene in the Soxhlet apparatus for 20 h.
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Table ¥

Whiteness of kaolin samples after extraction of organic matter

‘ Whiteness [%], A = 459 nm ‘
‘ \
]
| ! ki i dpmar X
‘ | After ex- | After ex- | After first | After hy- | e
| Sample [ 3 1 : Jear Tl LR condiexs
| Raw | traction traction extraction | drolysis thack
material 1‘ of bitu- | with with | with i rac-t:n )
| mens Na,P,0; NaOH | H,SO, W
: NaOH
| 1
|
Ro==Ti ' "7ith PR e IR Bt ] T G T
‘ Ko—1II | 75.8 74.8 o2 ‘ 78.0 ‘ 79.4 80.3
1 Ko — 111 66.3 65.0 23] : 72.0 | 76.1 76.2
| Ko—IV | 62.9 | 61.9 67.3 | 69.6 | 70.7 73.2
Table 4

Iron content in the organic matter extracts

,i ‘ Fe,Oy |weight %]

Sample | B R T S o
!Raw Extracts in B fhaotin First Hoiina ot Second Material
| mate-| benzene/et- extract |. extract | after ex-
‘ i Na,P,0; |. in H,SO,

rial | hyl alcohol in NaOH i in NaOH| traction
| | 7
|

Ko—I |101 nd* 0.05 l D0l oionuat 2 o 1 dole

Ko—II |1.07 midi@ Rl 0060 Ll 000l 02008 e — | o

Ko—III | 1.07 nfdi el e g Ol R R )

[Ko—IV | 1.05 n.d.x 0.21 l Gloy LA ol b TR oide

* Not determined.

2. Extraction with 0.1n NasP,0; solution at a pH of 7. The kaolin
sample was shaken with a pyrophosphate solution for 1 h whereupon the
suspension was left for 23 h. Then the sediment was separated from the
solution by centrifuging and coagulated with sodium sulphate. The whole
procedqre was repeated seven times. The solutions obtained from each
extgacgo? w?re put together for further investigations. ‘

. Extraction witb 0.1n NaOH solution. The same procedure was
223§rl§e‘gnaq:sf_or extraction with sodium pyrophosphate, and it was repeated

4. Hydrolysis of organic matter. The kaolin
0.5 n H,SO, solution and left for 24 h. Then it
the solution from solids.

5. Second extraction with NaOH soluti i ;
o e A time;)'n. It was carried out as in (3),

In the extracts obtained with

] ‘ pyrophosphate and NaOH ions
iulwc Ia_1I(:1iislwere sepayatefi frpm humic acids by acidificati?m witsk?h}lltlggs
o a pH = 1. After acidification, humic acids precipitated in all theﬂexf

sample was treated with
was centrifuged to separate
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tracts. They were filtered off, washed to remove excess reagents, and
dried at 50°C. The remaining solution containing fulvic acids was eva-
porated at the same temperature, and fulvic acids were extracted from
the dry residue with acetone.

The fulvic and humic acids obtained in this way were subjected to
infrared absorption analysis in an UR-10 spectrophotometer.

After each stage of extraction the amount of carbon and iron going
into solution was determined, and the whiteness of samples was measured.
Moreover, the content of Fe,O3 soluble in 9% HCl was determined and the
whiteness was measured again after this form of iron had been removed.

After extraction with the method of Boratynski and Wilk, a certain
amount of organic matter (about 0.07% C) still remained in the samples.
In order to separate it, the samples were shaken with 40% HCI, and du-
ring this treatment the mineral constituents were dissoleed. The residue,
i.e. the organic matter that failed to be extracted before, was washed to
remove HF, dried at 50°C, and subjected to infrared absorption spectros-
copik analysis.

The amount of carbon passing into solution was assumed as a measure
of the organic substance separated in each stage of extraction; only when
bitumens were extracted witha mixture of alcohol and benzene, their
amount was estimated from the difference in carbon content in the sample
before and after the extraction.

Using the method of Boratynski and Wilk, not more than half the
organic matter is removed from kaolins (Table 2). The smallest amount,
corresponding to about 0.01% C, is extracted with a mixture of alcohol
and benzene. More carbon is removed by the other procedures: about
0.05% by treatment with sodium pyrophosphate, about 0.04% by the first
and about 0.04% by the second extraction with NaOH solution. It must be
stressed, however, that the numerical data obtained are only approximate
because for a carbon content so low as in the kaolins studied, the accuracy
of Tiurin’s method is low as well.

Extraction of the organic matter from the kaolin affects its whiteness
(Table 3). While the extraction of bitumens has no effect on the whiteness,
the subsequent treatment increase it progressively. The total increase in
whiteness due to the removal of the organic matter varies from 5 to 10%.

Because of the small amount of the organic matter available for inve-
stigations, infrared spectroscopic analysis had to be confined to the bi-
tuminous substance and the fractions of humic and fulvic acids separated
with sodium hydroxide solution, as well as to the residue left after dis-
solution of the mineral constituents in hydrofluoric acid.

On evaporation of the solvent, bitumens are a brown oily liquid. Clas-
sical qualitative analysis has shown that they do not contain nitrogen or
sulphur. Infrared absorption spectra have revealed the presence of
a great number of aliphatic fragments, which is evidenced by very intense
bands at 2930 and 2860 cm~! caused by C-H stretching vibrations (Fig. 3).
Aromatic nuclei are present in the bitumens as well. They display charac-
teristic absorptions arising from C-H bending vibrations at 670, 710, 800
and 810 cm-!, C = C stretching vibrations of skeletal aromatic nuclel
(1460, 1570, 1610 cm~?), and from C-H stretching vibrations in the form

of a multiplet centered close to 3070 em~*.
The bitumens also contain C = O carbonyl groups (acid, ester or
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Fig. 3. IR absorption spectra of organic matter from sample K, — III:
a — bitumens, b — humic acids, ¢ — tulvic acids, d — HF-insoluble matter

ketong), with the corresponding bands at 1710, 1720, 1740 cm—!. Ester
groupings are responsible for C-O absorptions bands close to 1170 1180
and 1280 cm~!. Intense absorption in the region between 3200 and
3600 cm~1 testifies to the presence of free and associated carboxyl groups
as well as alcohol and phenol groups. A comparison of infrared absorption’
spectra shows that the bitumen extracts from respective samples differ
in the content of functional carboxyl, ester, ketone, alcohol and phenol
groups. Infrared spectra of fulvic and humic acids ’show no differrgengeos

(Fig. 3b and c), except that the absorption b i i (
what broadened and have lower intenii’cy]r.1 A

Both fractions display aromatic absornti =

i : ption (C = C skel
}gﬁ’e(()e,nlg(l)gocrgn;; ;31—5({) bencll)mzc% at 660, 800, 860 c(m—l; Cj{ es‘frt:‘clc}?itrlgl?eo—’
t em=1). th i

e ek n the region between 1600 and 1800 cm—1

. ' weaker absorption than humi i

sorption bands appearing in this region are to be aarikl)lli{cltleil z}cgl%s.;l‘%e A

boxyl (acid, ketone, ester) groups and to C = C double bonds o
At 1200 and 1000 ecm~— :

! both organic fractions displ i
; j : ; ay ab
Ezrt?o }E)\vlstre}fghnfg vibrations. The bands assignedptoyg-lioiri)glrz}cigilslsi(fi
o cr{q—’l)p arno ari(d alcohol groups, both free and associated (3200—
s gl to’bitir::eer?s etliliosr (f;:%vm and hgmic acids than for bitumens. In
i i abso)rptio pectra of humic and fulvic acids failed to show

tions of aliphatic groupingr;, bands characteristic of C-H stretching vibra-
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Infrared absorption investigations of the organic matter remaining in
the sample after extraction by the method of Boratynski and Wilk, and
obtained by dissolution of the mineral constituents in hydrofluoric acid
have shown that it yields absorption bands similar to those produced by
humic and fulvic acids. Moreover, it displays C-H stretching absorptions
from aliphatic groupings (2800—2950 cm~1) like those recorded for bitu-
mens but of much lower intensity.

It has been found that during the extraction of organic matter also
iron passed into solution (Table 5). After complete extraction, Fe,0;
content in the kaolin samples decreased from 1.01—1.07% to 0.7—0.9%.
In the extract of pyrophosphate solution the content of Fe,O; was
0.05—0.21% in relation to the mass of untreated sample, and in the sul-
phuric acid extract — 0.09—0.39%.

T able’d
Content of iron soluble in 9% HCI after extraction of organic matter

Fe,0; [weight %]
After 'ex- After ex- | After first | After hy- Aftzr e
Sample Raw t.r action traction extraction drolysis c:)n t.ex—
m?;f' W‘th/ 2;“1 with with with Ly
L ZENE/ChY2 0l NayP;0 NaOH SO
alcohol { ERae =9 NaOH
Ko—1I 0.17 0.18 0.08 0.09 0.06 0.06
Ko —1II 0.22 0.18 0.16 0.16 0.07 0.10
Ko —II1 0.38 0.32 0.24 0.24 0.09 0.12
Ko —1IV 0.17 0.11 0.12 0.11 0.08 0.09

When assessing the quality of kaolins, one of the criteria applied is
the content of iron soluble in acid solutions, most commonly in 9% HCL
Accordingly, an attempt was made to establish a relation between the
amount of iron dissolved by this acid and that going into the extracts
during the separation of organic matter. To this end, the amount of iron
that could be dissolved from the sample using 9% HCI was checked after
each stage of extraction of the organic matter (Table 6). It appleared that
after extraction with sodium pyrophosphate the amount of iron going
into HCI solution is less than that passing from the untreated sample be-
cause iron has partly passed into the pyrophosphate extract, and the sub-
sequent stages of extraction with NaOH solution did not change the
amount of iron going into HCI solution. The {otal amount of iron that
was removed from the kaolins during complete extraction of the organic
matter with the method of Boratynski and Wilk and subsequent treatment
with hydrochloric acid is somewhat greater than the amount of iron dis-
solved from the untreated sample. While in the untreated sample about
0.2—0.4% Fe,0; was dissolved in hydrochloric acid, the combined Iextrac—
tion of the organic matter and HCI treatment removed 0.3—0.5% Fe,O3
from the kaolin samples. s

Extraction of the organic matter from kaolins causes a systematic in-
crease in their whiteness after each stage of extraction (Table 3). The total
increase in whiteness was 5—16%. The additional extraction of iron with
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Table 6
Whiteness of kaolin samples after extraction of organic matter and of iron soluble
in 9% HCl
" Whiteness [%], A = 659 nm S
‘ After.ex— After ex- | After first | After hy- Aft;r S:'
Sample | Raw t}-actlon traction extraction drolysis cton t‘e 3t
m‘f‘tf‘ W‘th/ btinl with with with r::ﬂ’;’“
% ZEDSE Rl AN RO NaOH H,SO
15010 boad B i i NaOH
Ko—1I 7.5 ' 77.1 78.1 81.5 81.3 83.5
Ko —1II 75.8 74.8 ‘ 2 80.6 80.8 83.6
Ko — III 66.3 HOolol 72.7 77.0 71.0 80.2
Ko —1IV 62.9 6857 68.2 73.7 72.9 76.5

HCI increases the whiteness by another 1—3%. The removal of iron with
HCI from untreated samples increases their whiteness by 1—4%.

Extraction of organic matter by the method of Boratynski and Wilk
is a time-consuming procedure. Therefore, a simpler method was adopted,
involving extraction with glacial acetic acid and acetone in Soxhlet
apparatus. The extraction was carried out on sample Ko-III.

When dry, the extract obtained with acetic acid is a brown-reddish
powder containing no nitrogen or sulphur. Its infrared absorption spec-
trum (Fig. 4b) shows intense, broad bands in the region 1400—1500 cm—1,
corresponding respectively to symmetric and asymmetric vibrations of
the COO~*! carboxylanium ion. Simultaneously, a very weak absorption
occurs above 1700 em~1, arising from C = O carboxyl groups, both ketone
and ester. The intense absorption bands produced by C = O stretching
vibrations of carboxyl groups fail to appear in the acetic acid extract
spectrum. This fact is indicative of formation of salts and chelation of the
-carbonyl and ketone groups, which phenomena are responsible for the
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Fig. 4. IR absorption spectra of organic matter extracted from sample K, — III with:
« — acetone, b — acetic acid g
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displacement of the bands associated with the latter to lower frequencies.
Assuming that acids, alcohols and phenols of the organic fraction were
entirely converted into salts and chelates, the intense absorption band in
the region 3200—3600 cm~! is to be attributed to stretching vibrations
of water molecules. The 2850 and 2930 cm~—! bands correspond to C-H
stretching vibrations in alkyl groups. There also occur bands caused by
skeletal stretching vibrations in the aromatic nuclei. Moreover, the aro-
matic nuclei are responsible for absorptions at 660, 720, 800 and 3060—
A0 @0

Due to extraction with acetic acid, the sample whiteness increased
from 66.3 to 72.2%.

The infrared absorption spectrum of the organic matter extracted with
acetone is identical with the spectra of bitumens extracted using the
method of Boratynski and Wilk (Fig. 4a). This extraction increased the
whiteness to 68.5%.

CONCLUSIONS

The kaolin from Kalno contains up to 1.5% organic matter which is
composed of both bitumens and humic and fulvic acids. A characteristic
feature of bitumens is the presence of a large number of aliphatic frag-
ments. It is feasible that a part of mobile humic compounds goes into the
mixture of alcohol and benzene, which is evidenced by absorption bands
from functional groups similar to those recorded for humic and fulvic
acids.

It has been found that the humic and fulvic acids in the kaolin from
Kalno have a similar aromatic skeleton with the functional groups such
as hydroxyl, carboxyl, carbonyl and ester groups.

The organic matter binds iron, and its extraction increases markedly
the whiteness of kaolin.
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SUBSTANCJA ORGANICZNA W KAOLINIE Z KALNA
KOLO SWIDNICY (DOLNY SLASK)

Stiinelsizicizie niite

Badania termiczne kaolinu z Kalna wykazaly, ze na kr_zywych _DTA_
oprocz efektow termicznych zwigzanych z .podstawgwymx skladmk_aml
mineralnymi w zakresie 300—400°C wystepuje szeroki gfekt egzotermicz-
ny. Na krzywych TG odpowiada mu stabe przegigcie zwiazane z ubytklem
masy a na krzywej DTG — slaby pik. Efekt ten przypisano spalamu sub-
stancji organicznej obecnej w kaolinie. Jej zawartos¢, oceniona na pod-
stawie ubytku masy, wynosita co najwyzej 1,5%. Badania termiczne pola-
czone z analiza gazow wydzielajacych sie w trakcie ogrzewania wykazaly,
ze w zakresie 300—350°C wystepuja maksima na krzywych wydzielania
sie gazow o ciezarach drobinowych 18 (H,0), 28 (CO, N,) i 29 (?).

Dla wyjasnienia charakteru substancji organicznej przeprowadzono jej}
ekstrakcje metodg Boratynskiego i Wilka z czterech prébek kaolinu (frak-
cji << 45 pm) roznigeych sie barwa, a nie wykazujacych istotnych roéznic
w skladzie mineralnym, ziarnowym i zawartosci tlenkéw barwigcych.
Zawieraly one okoto 90% kaolinitu, 4—6% mik i 4—7% kwarcu. Ilos¢ Fe,O;
miescita sie w granicach 1,01—1,07%. W probkach tych stwierdzono
0,10—0,14% C, co odpowiada 0,16—0,24% substancji organicznej, przy
czym probki o nizszej biatosci zawieraty wieksza ilo$¢ tej substancji.

Metoda Boratynskiego i Wilka udalo sie usuna¢ z kaolinéw tylko okoto
polowy zawartej w nich substancji organicznej. Najmniejszg ilo$é, odpo-
wiadajaca ok. 0,01% C, usunieto mieszaning benzenu i alkoholu etylowego;
do roztworu pirofosforanu sodu przeszio okoto 0,05% C; tugiem sodowym
wyekstrahowano okoto 0,04% C, a powtérne dzialanie tym odezynnikiem,
po przeprowadzeniu hydrolizy kwasem siarkowym, pozwolilo usung¢
dalsze 0,04% C. Po pelnym cyklu ekstrakcyjnym w prébkach pozostato
jeszcze ok. 0,07% C. W sklad substancji organicznej zawartej w kaolinie
z Kalna wchodzg zarowno bituminy jak i kwasy fulwowe oraz huminowe.
Metodg spektroskopii absorpeyjnej w podezerwieni stwierdzono, ze cecha
charakterystyczng bituminéw jest obecnogé duzej ilosci fragmentow alifa-
tyeznych. Kwasy huminowe i fulwowe maja szkielet weglowodorowy ali-
fatyezny i aromatyczny z grupami funkcyjnymi, wéréd ktorych wyroéznio-
no: grupy hydroksylowe, karboksylowe, karbonylowe i estrowe. Substan-
cja organiczna pozostajaca w probkach po ekstrakeji ma charakter analo-
giczny jak wydzielone kwasy huminowe i fulwowe.
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W trakcie ekstrakeji substancji organicznej do roztworéw ekstrakey j-
nych przeszia réwniez pewna ilos¢ zelaza. Po pelnej ekstrakcji zawartosé
Pe,03 w probkach zmniejszyta sie z pierwotnej ilosci okoto 1,0% do ok.
0,7—0,9%. W ekstrakcie pirofosforanowym stwierdzono 0,06—0,20% Fe,O,
w stosunku do masy prébki wyjsciowej a w ekstrakcie kwasu siarkowego
0,09—0,4%.

Ekstrakcja substancji organicznej pirofosforanem sodowym wplynela
takze na ilosé zelaza usuwalnego z kaolinu 9% HCIl. Okazalo sie, ze po tej
ekstrakeji do roztworu HCI przeszla mniejsza ilo$é zelaza niz z probki
wyjsciowe], czeSs¢ bowiem zelaza przeszta uprzednio do ekstraktu piro-
fosforanowego. Dalsze etapy ekstrakeji substancji organicznej — tugiem
sodowym — nie wplynety na ilo$¢ zelaza rozpuszezalnego w HCl. Suma-
ryczna ilo$¢ zelaza, jakg mozna bylo usungé z badanych kaolinéw stosu-
jac ekstrakeje substancji organicznej a nastepnie dzialanie kwasu solnego,
jest nieco wieksza niz ilos¢ zelaza usuwalnego tym kwasem wprost
z probki pierwotnej. HCI rozpuszezal z probki pierwotnej okoto 0,2—0,4%
FeyO3 a dzieki polgczonej ekstrakeji substancji organicznej i obrébki HC!
usunieto 0,3—0,5% Fe,O;.

Usuniecie substancji organicznej z kaolinu Kalno spowodowalo wzrost
ich biatosci. Nastepowal on systematycznie po kazdym etapie ekstrakcji.
Calkowity przyrost biatosci wyniost 6—10%. Dodatkowe usuniecie zelaza
HC1 zwiekszylo biatos¢ o dalsze 1—3%. Usuniecie zelaza HCl z prébelk
wyjsciowych zwiekszato ich biatosé o okoto 1—4Y%.

OBJASNIENIA FIGUR

Fig. 1. Krzywe analizy termicznej probki z otworu 35N, gteboko§é 40 m

Fig. 2. Krzywe wydzielania sie gazo6w w czasie ogrzewania, z probki z otworu 35N,
gleboko$¢ 40 m

Fig. 3. Widma absorpcyjne w podczerwieni substancji organicznej z préobki Ko-II1
a — bituminy, b — kwasy huminowe, ¢ — kwasy fulwowe, d — substancja nierozpusz-
czalna w HF

Fig. 4. Widma absorpcyjne w podczerwieni substancji organicznej wyekstrahowanej

z probki Ko-III:

a — acetonem, b — kwasem octowym

Banda C. CHKOPA, Jleokadoas BYHAEK, IOaura SHJIMEC

OPIFAHUYECKOE BEUECTBO B KAOJIMHE M3 KAJIbHA
BBJIU3U CBUJHHULLbI (HUXKXHSSI CUJIE3US)

PesmowMme

Tepmuueckue mceaeaoBanus Kaoanna n3 KaabHa noxkasaju, 4To Ha KpH-
BLIX TepMHueckoro auddepeniuanbioro anammsa (DTA) KpoMe TepMIUECKHX
5(DPEKTOB CBI3aHHBIX ¢ OCHOBHBLIMH MHHEPaJbHBIME KOMIIOHEHTAMH TPHCYTC-
tByer B ananagone 300—400°C mnpokuit srgorepmuueckuit apdexr. Ha xpu-
BbIX TG €My COOTBETCTBYET MaJIO3aMETHDL MPOrHO, CBSI3AHHDBIH C YOBITKOM
Maccel, a Ha Kpupoil DTG MajosaMeTHbli nHK. DTOT 3 PexT OblJT NpHIHCAR
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CrOpaHMIO OrPAHHYECKOro BElIeCTBa, KOTOPOe TNIPHCYTCTBYET B KaoJmue. Ero
KOJTHUECTBO, OLEHeHHOe MO YOBITKY Macchl, COCTAaBHJIO, KaK camoe 6OJIBILOE,
1,5%. TepmuyecKHe HCCIe0BaHKs COBMELUEHHBIE C aHan30M BBILCJISIOUHXCS
BO BpeMsi HarpeBaHHs ra30B MOKA3a/IH, UTO B HANASOME 300—350°C na Kpgl—
BBIX BbI/IEJIEHHS Ta30B C MOJIEKYJISIPHBIM BECOM 18(H,0), 28(CO, N,) u 29 (?)
NPUCYTCTBYIOT MaKCHMYMbI. i

st TOro, uTaGbl BBIACHHTH XapaKTep OPraHMueCKOro BEIIeCTBa, ObLIA Tpo-
eJleHa ero sKcTpakius, mo mMeroay BoparbiHcKoro H BuJaka, u3 ueTblpéx o0-
pa3uoB KaoJiHa (pasMepbl UaCTHIL < 45 uMm), pasUUAoLIHXCs LBETOM, HO 6e3-
CYIIECTBeHHbIX PA3/IHYHH B MIHEPAJbHOM H 3EDHOBOM COCTaBax H IO cocTaBy
CKpalMBAIOLHX OKHCIOB, OOpasilbl COAEPIKANH OKOJIO 90% KaoJIHHHTA, 4~——6‘30
camion u 4—79% kpapua. KonnuecrBo Fe,O; copepkaiock B rpaHilax oT 1,01%
10 1,07%. B of6pasuax o6HapyKeHO 0,10—0,14% C, uro cooTBercTByet
0,16—0,249, opraHHYeCKOro BellecTBa, NMpH HYEM 00pasipl MeHee Oesble CO-
nepxkaau Oosbliee KOJHYECTBO ITOrO BEIIeCTBA.

[To meTomy Bopatbinckoro u Buiika 0bW10 BO3MOXKHO yAaJieHHE OKOJIO IO-
NOBHEBI OPraHHUECKOTO BELECTBA ColepxKallerocs: B KaonnHax. Camoe Hu3Koe
KoaHueCTBO, cooTBeTcTBylollee okoso 0,01% C, Obl0 yraneHo Npu MOMOLLH
NpOMBIBAHHS CMeChlo GeHaeHa M STHJOBOIO aJKOTOJs; B PaCTBOP HPOOC-
dbara uatpus nepeuio okoxo 0,05% C; npu nomoly HaTPOBOTO IIeJNKA yAa-
geuo okoao 0,04% C, a BTopHuHOe BO3AECHCTBHE 3TOrO PeaKTHBa, MOCae TH-
ApOJIH3A CepHOIl KHCJIOTOH, C/ie1ao BO3MOXbIM ylasenne caenyomux 0,04%
C. Iocite MoOJIHOTO 3KCTPAKIMOHHOTO LHKJIA B 06pasliax 0CTajloch elle 0KoJo
0,07% C. B coctaB opraHHYecKOro BellecTBa, COAEPKAalLerocs B KaoJHHE H3
KaabHa, BXOAAT TaK OGUTYMbI, KaK H (PYJbBOKHCIOTH H TyMHHOKHCHIOTHL. ITo
metony MK crexrpockonnu Obl10 0OHADPYXKEHO, YTO XapaKTEPHbIM CBOMCTBOM
COUTYMOB $IBJISIETCST TPHCYTCTBHE OOJBIIMX anu(paTHYeCKHX (parMeHTOB.
Y TYMHHOKHCJOTBI M (YJbBOKHCIOTHI CKeJeT W3 YIJeBOLOPOAHBIX COeIHHe-
HUE anupaTHiecKHX H apOMAaTHUYECKHX ¢ (DYHKIHOHAJIbHBIMH TpyINIaMH,
Cpeid KOTOPbIX OBLIM BbIAEIEHbI: TMAPOKCHIbHAs, KapOOKCHIbHasi, Kap6o-
HUJIbHAsS U Cca0KHO3GupHAs Tpynnbl. Opranuyeckoe BeLeCTBO, KOTOPOE
0CTa/10Ch B 00pasiax nocjie 3KCTPAaKUHH, N0 XapaKTepy aHaJOrHYHO Bhijle-
JIEHHBIM TYMHHOKHCJIOTAM U (YJIbBOKHCJIOTAM.

Bo Bpemst 5KCTPAaKUMU OPraiHYeCKOro BelleCTBa B SKCTPAKUHOHHBIE pac-
TBOPBI NMEPEellIo TOKe HEKOTOPOe KOJHUECTBO KeJe3a. [locje TOMHOH 3KC-
TpakUuK KonuyecTBo Fe,O; B 006pasuax yMEHbLIIHIOCH OT HCXOAHOIO KOJH-
uecta Ha 0koJo 0,5% 10 okosno 0,7—0,9%. B nupodocdatHom sKcTpakTe GbuIo
obuapyxeno 0,05—0,20% Fe,O; O OTHOMIEHHIO K MACCE HCXOMHOTO obpasua
4 B BBITSIZKKE cepHO# Kuciotsl — 0,09—0,4%. 3

OKCTPaKIHs OPraHMYecKOro BelllecTBA MHPOGocHAaTOM HATPHs MOBIHsLIA
10€ Ha KONIMYCCTBO JKeJIe3d, KOTOPOe MOXKHO YIAaNHTb U3 KaOJMHA TPU MO-
momu 9% HCL. Okasasoch, 4To Toc/e 3To# 3KCTPAKIHA B pacreop HCI nepe-
JLJIO MEHBIIEE KOJMYECTBO JKeJle3a, YeM M3 HCXOJHOro o6pasiia, TaK KaK YacTb
7Kej1e3d yrKe NpExie nepeuna s mpodocdarHerit skerpakr. Caenyionine sramn-
Tibl SKCTPATMPOBAHUS OPraHMYECKOTO BEIIECTBA HATPOBLIM LIEJKOM He MOBJH-
I Ha KOJIMUECTBO JKeje3a pacTBopuMoro B HCl. Cymmapnoe KOJHYeCTBO
KeJie3a, KOTopoe GbiIo BO3MOKHBIM H3BJEUL M3 H3yu4aeMbIX KAOJIHHOB pH
NIOMOLUM HM3BJEYEHHST OPraHHYeCKOro BellecTBa, a B JaJjbHeillleM BO3Lei-
CTBHEM COJISILON KHCJIOTBI, HEMHOrO GoJblle, YeM KOJIMYECTBO KeJe3a yha-
JIIEMOTrO 3TOH KHC/IOTO! HENOCPeCTBeHHO M3 HCXOMHOTO o6pasua. HCI pac-
TBOPsJI B HCXOALOM 06pasue okoso 0,2—0,4% Fe,Os, a 6aarosapst COBMeCT-
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HOM 3KCTPAKIIMH OPraHHYECKOTO BElLecTBA U 00pabOTKe COJSHON KHCJIOTOM
yaagaoch yaanutb 0,3—0,5% Fe,O;.

Ynamnesne OpraHMYeCcKOro BelecTBa 3 KaosnHa KaJbHO MPUBEJIO K YBEJH-
ueHHIo ero OeJH3Hbl. YBeJHUeHHe 3TO CHCTEMATHUECKH HaO/I0fa0Ch Toc/e
KaxKJOM 3Tannbl 3KCTPakuuH. B 1nesom ysennueHne GeNH3HBI COCTABHIIO
6—10%. Hdob6aBoyHoe u3BaeueHHe xesnesa npu nomowu HCl yBennumio Oe-
au3Hy Ha manbmux 1—3%. Y nanenue xkenesda npu nomouwn HCl #3 HCXOLHBIX
00pa3LoB YBeJHUYHBAJNO UX Oenusny Ha okono 1—4%.

OBbbJICHEHUA K ®UTYPAM

dur. 1. KpuBble TepMHYECKOro aHajiu3a obpazua u3 ckBaxuHHb 35 N, riy6una 40 M.

dur. 2. Kpusble BBHIZIEJEHHST ra30B BO BpeMs HarpeBaHHs, o0Opasel H3 CKBaxKHHbI 35 N, riy-
6una 40 M.

®ur. 3. UK-cnekrp NOrJOLeHNs [1ala30He OPraHH4ecKoro BemiecTBa n3 obpasua Ko-I//

a — GHTYMbl, b — TYMHHOKHCJIOTH, ¢ — (yJbBOKHCIOThI, d — BelIeCTBO HepacTBOpHMoe B HF

dur. 4. UK-cnekTp TMOIJIOUIEHHsI JHMana3oHe OPraHHYecKOro BEUIeCTBA H3BJAEYEHHOTO K3
o6pasua Ko-I11

a — mnpi NOMOUIH auneroHa, b — IpH NOMOIUH yKCyCHOﬁ KHCJIOTBI



