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Abstract. Chemical and thermal analyses, electron microsco - i
tometry, as well as IR spectroscopy and@ Mossbauer spectroscopy pw);’rzi g;élg;fééaio
1pvest1gate t.he composition and structure of well-encrusting sediments. Special atten-
tion was paid to iron compounds, which make up the body of the sediments, appea-
ring as goethlte,.hydrated haematite, hydrated goethite and siderite. Gel Fe(dH) ma
also be present in thevsedxments. It has been found that the content of iron m?nc a}{
compounds (in wt. %) is: « — FeOOH — 27—29, «. — FeOOH - nH,0 — about 18, « r—--
FeEO,,.-nHz‘O — 44, FeCOy; — 8—12. Iron minerals appesr in fine-dispersive ifofms
showmg disarranged mter.nal structure. For goethite, the size of crystallites wa§
calcula¥ed, ar}d t.he follqwmg results obtained: length 100 — 500 A thiékne%s abo lL
19 A, dimension in the direction perpendicular to (110) plane — abo‘ut 39 A : 5

/]
INTRODUCTION

A loss of physico-chemical equilibrium in the a i i
well exploitation of waters rest?lts in the precipitgggguf)fsil}?etrlr?iréa%u;?f
stances on tbe screen, pump and pipelines carrying the water away. This
process, defined as incrustation, shortens considerably the life o%l'w 1ls
which are productive, as a rule, from 2 to 6 years in shallow aqt;ifers ’gh ]
kpowlgdge of the whole process of incrustion as well as of the com oéitiorc'
of sediments fqrmmg on screens is of great practical significance Iim 't1
serves as a basis for studies aiming to prolong the lives of wells i
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The primary factors.controlling the state ‘of physico-chemical equili-
brium of natural aqueous solutions are the oxidation-reduction potential
(Eh) and the pH. The most sensitive to changes in the pH and Eh condi-
tions of the solution are iron compounds, and for that reason they usually
make up the body of sediments encrusting well screens. According to Hem
(1961), Garrels and Christ (1965) and Barnes and Clarke (1969), it is possi-
ble to calculate the equilibrium state of an aqueous solution and determine
the tendency of well-encrusting sediments to precipitate. To do this, it is
essential to have a knowledge not only of the Eh and pH conditions and
the general composition of an aqueous solution but also of the nature and
properties of the sediment that constitutes the solid phase taking part in
the reaction.

The present work aimed to analyse the mineralogical composition of
sediments precipitating in wells and, specifically, to explain the nature
and structure of the constituent iron compounds. Accordingly, chemical,
thermal, X-ray, infrared spectroscopic and electron microscope investiga-
tions were carried out on an averaged sample of sediments encrusting one
of the well screens in the area of Krakow. Three other samples collected
from different parts of that screen were subjected to Mossbauer spectro-
scopic analyses.

DETERMINATION OF THE MINERALOGICAL COMPOSITION
OF THE SEDIMENTS

Experimental

Quantitative chemical analysis of the sediments in question was perfor-
med in the full range according to the principles of classical gravimetric
analysis of. silicates. Moreover, to determine iron content, the sample was
dissolved in HCl and HF solution and quantitative determinations were
made in a Pye Unicam SP-90 atomic absorption spectrophotometer. The
Fe2+ content was found by titration with KMnO, in an atmosphere of
nitrogen whereas that of SO, by gravimetric analysis, using BaCl,. The
amount of amorphous SiO; and Al,O, was also determined, employing co-
lorimetry with ammonium molybdate for the former compound and com-
plexometry with disodium versenate for the latter. The organic substance
in the sediments studied was identified by Tiurin’s method (1951). It was
extracted from the sediments with a 1:1 mixture of benzene and ethyl
alcohol in Soxhlet apparatus. The resultant solution was evapo.rated,. the
remainder serving as a basissfor determinations of the composition of the
organic substance. '

X-ray diffraction analysis was carried out in a TUR M-61 apparatus in
an angle range of 4 — 65° O, using filtered CoK, radiation. :

Thermal analysis was made in the F. Paulik, J. Paulik, L. Erdey deri-
vatograph. -

Infrared absorption spectra were recorded in the UR-10 (C. Zeiss) spec-
trophotometer in the range of wave numbers 400 — 1800 cm 1 and 3200 —
3600 cm-!, using KBr disks (175 mg of the substance and 300 mg KBr).
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Mineralogical composition of sediments

Chemical analyses have shown that Fe,O; is the dominant compone‘nt
of the sediments studied. FeO and CaO appear in lesser amounts whxle
SiO, and Al,O; are subordinate constituents. A high. cpntent of iron oxides
in the samples (Fe,O; + FeO = 64.05 wt. %) quah‘fles‘ the _sedlments as
ferruginous. The full composition of the sediments is given 1n Table 1. It
agrees well with that reported by other authors (Gawrilko 1968; Marton,
Sellyey 1971; Milichiker 1971; Ratajczak, Witczak 1973; Kommunar 1974).

Table’ 1
Chemical composition of investigated sediments
Content : Content
Component (weight %) Component (weight %)

Sio, \ 2.70 K,0 0.12
TiO, 0.35 Na,O : 0.36
Al,Oy 1.14 SO,. 0.65
Fe, Oy 60.10 org. matter 3.10
FeO ‘ 3.5 CO, 5.94
CaO 4.05 H,0+ 5.07
MgO 0.06 H,0— 10.24
MnO 0.01 loss on ignition ‘_ 2.12

| Total e | 99.96

Amorphous compounds make up the bulk of the determined SiO, and
Al,0,, amounting to 81.5% (2.20 wt. %) in the case of SiO, and to 88.6%
(1.01 wt. %) in the case of Al,O;. Organic substance makes up 3.10 wt. %
of the sediments. To identify its constituent functional groups, the con-
centrate obtained in Soxhlet apparatus was subjected to infrared spectro-
scopic analyses. These have shown that the main components of the orga-
nic substance are long-chain aliphatic hydrocarbons, also including those
with polar groups having a character of esters and carboxylic acids. Gene-
rally speaking, the organic substance of the well-encrusting sediments
consists of a mixture of paraffin-aliphatic hydrocarbons, which statement
is consistent with the earlier results (Aleksejev 1975; Ratajczak.1976).
From X-ray investigations it appears that the well-encrusting sediments
are made up predominantly of hydrated iron oxides (hydrohaematite and
hydrogoethite) and hydroxides (goethite). The intensity of reflections is
highly suggestive of the prevalence of hydrate#l iron oxides, i.e. hydrogoet-
hite and hydrohaematite (Fig. 1). The presence of goethite is evidenced by
reflections arising from the lattice planes (110) and (111), for which the
d values are 4.20 and 2.46 A respectively. An analysis of the X-ray diffrac-
togram suggests that the sediments in question are concentrations of fine-
-dispersive iron oxide mineral phases showing a low degree of ordering
or disarrangement of the structure. For that reason, their unequivocal
identification becomes a real problem, an additional impediment being that
their basal reflections show considerable coincidences. In consequence, the
presence of haematite in the sediments studied is none too certain.
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Fig. 1. X-ray powder pattern of incrustations in weils
G — goethite, hG — hydrogoethite, H — haematite, hH — hydrohaematite, C — calcite, S —
syderite

X-ray diffractometry has also revealed the presence of carbonates, cal-
cite and siderite in the samples, which is evidenced by fairly distinct re-
flections from the (1012) and (1014) planes with the d values being, respec-
tively, 3.83 and 3.02 A for calcite and 3.59 and 2.78 A for siderite (Fig. 1).

The dominant bands appearing in the infrared absorption spectra are
due to iron oxides and hydroxides (Fig. 2). Yet, only goethite could be
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Fig. 2. IR absorption of incrustation well
G — goethite

identified unmistakably basing on the spectra (White, Roy 1964). That the
compounds in question show a high degree of hydration is evident from
the bands produced by valence and deformation vibrations of H,O mole-
cules in the range 3100 — 3600 cm~! and 1500 — 1700 cm~1, respectively.
A similar spectrum was obtained by Domka (1975), who investigated synt-
hetic Fe(OH)j;.

Thermal investigations have shown that TG curve is particularly use-
ful for identification of phase composition of the sediments. DTA curve is
substantially ”’deformed” owing to the presence of organic substance, sulp-
hides and carbonates besides iron oxides in the analysed sample. Conse-
quently, an unequivocal identification of those phases presents conside-
rable difficulties due to the coincidence of thermal peaks. The temperature
range of 100 — 400°C is the most diagnostic for hydrated iron oxide com-
pounds. On the TG curve (Fig. 3), two distinct ranges of weight loss of the
substance studied may be distinguished. One corresponds to the range
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Fig. 3. Thermogravimetric curve of investigated sediments
I — Weight loss caused by dehydration of hydrated oxides and hydro-
xides of Fe, by decomposition of pyrite and combustion of organic sub-
stances, II — Weight loss due to decomposition of syderite

100 — 400°C, the loss of water contained in the hydrated iron oxides and
hydroxides as well as decomposition of organic substance and sulphates
being responsible for it. It may be assumed that up to 150°C water mole-
cules are removed whereas at higher temperatures dehydroxylation of
hydroxides followed by their decomposition occurs. The second range
(500—800°C) is due to decomposition of carbonates. It is worth noting that
the TG curves of the sidiments studied are similar to those obtained by
Domka (1975) during his investigations of goethite crystallization from
synthetic Fe(OH)s.

The above investigations made it possible to determine an approximate
mineralogical composition of the well-encrusting sediments (Tab. 2). They
have shown that the dominant components are hydrated iron oxides of
the hydrohaematite and hydrogoethite type, making up about one half of

Table 2

Approximate mineral composition of investigated sediments obtained in result of
recalculation-of chemical analysis and thermogravimetric curve (weight %)

‘ Method of investigation
Phase T i i
‘ Chemical analysis hermogravimeific
. curve

SiO, + AlOg 3.84

goethite ca.24 ca.23

hydrated oxides of Fe 57 46

org. matter 3 5

CaCOg4 7 o 9.5

FeCOy 6 8.5
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the mass of samples. Goethite constitutes about 25 wt. %. The content of
the other components, i.e. calcite, siderite, organic substance, pyrite,
amorphous SiO; and Al,O3, amounts only to some per cent.

SIZE DETERMINATIONS FOR IRON HYDROXIDE CRYSTALLITES
Experimental

To determine the grain size of iron hydroxide crystallites and their
morphological features, apropriate investigations were carried out with
the aid of a Tesla 613 BS transmission electron microscopé. The prepara-
tions were made using suspension powder technique. They were obtained
from the finest fraction of the sample by dispergation in alcohol suspen-
sion. The suspension was then placed on copper grids coated with a 250 A
thick carbon film. Micrographs of the particles were taken on Agfa Gevert
glass plates at magnifications of 30 000 — 100 000 X.

The size of iron hydroxide crystallites was also determined by X-ray
method, using heated tungsten powder of grain-size of 1 as standard.
Prior to examinations, tungsten was annealed to relieve internal stresses
that cause diffusion of the diffraction lines. 10 wt. % of tungsten was added
to the analysed sediment sample, and the mixture was thoroughly homo-
genized. For the resultant mixtures X-ray diffraction patterns were taken
in the angle range of 4 —65° O, using a TUR M-61 diffractometer and
filtered CoK, radiation.

The size of crystallites was calculated from Scherrer’s formula (1961):

ALY

g e Wbk
il = 1B cos ©

I, — average length of the crystallite (A)
K — constant (0.94)
) — wavelength (A)
R — camera radius (mm)
AB — (B — By) (mm), difference of the breadths of the line B (sample
investigated) and B, (standard sample)
® — glancing angle

Results

Electron micrographs have yielded information on the structure of se-
diments (Phots. 1 — 5). The grains are usually irregular in shape (Phot. 1).
Some aggregates have granular texture and well developed boundaries
(Phot. 2). The grain shown on Phot. 3 has triangular outlines and sharp
contours. The largest group is represented by particles with platy struc-
ture that form aggregates (Phot. 4). In one case (Phot. 5.),.p1ates with irre-
gular, ”corrugated” edges have been observed. The individual phases ma-
king up the sediment in question were identified on thg basis of the gatlas
of Beutelspaher and Van der Marel (1968). A comparison of the micro-
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graphs obtained with the standard ones has revealed their close ’resemblan—
ce to goethite and iron oxides. The grains are 100 — 590 A in size.

Mineralogical analyses have shown that hydra.ted iron oxides and hy-
droxides are the principal components of the sediments. Dl_ffused reflec-
tions noted in the X-ray diffraction patterns suggest that sediment crystal-
lites are of inconsiderable size (Fig. 1). Goethite reflections are most pro-
nounced, which is indicative of a high degree of ordering of its internal
structure, and this was just one of the reasons for choosing that mineral
for crystallite size determinations. The determinations were based on 110
and 010 reflections. Half-breadth of the standard reflection in the angle
range comprising 110 and 010 reflections of goethite was calculated by
extrapolation. T

The following results were obtained: 1(110) — 39.14 A, 1(10) —
19.04 A.

Figure 4 shows a goethite crystal acc. to Goldschmidt and Parsons
(1910 — fide Minieraly 1967) along with the values for its dimensions. The

19.04 4

(020)

100 - 500A

>(110)

Fig. 4. Goethite crystal (after Goldschmidt and
Parsons 1910) with marked hkl values

calculated size of crystallites indicates that they appear in the form of
prisms, plates or rods. From electron microscope investigations it is evident
that single goethite crystals are very small in size and elongated in shape.
Their length varies from 100 to 500 A, their thickness is about 19 A, and
the dimension in the direction perpendicular to (110) plane about 39 A.

MOSSBAUER SPECTROSCOPIC INVESTIGATIONS
OF THE WELL-ENCRUSTING SEDIMENTS

As has been demonstrated by chemical and phase analyses, the well en-
crusting sediments contain mainly iron compounds. Therefore, their inve-
stigation by Mossbauer spectroscopy looked promising.

Mossbauer analyses can yield data on the Fe electron states, the nature
of chemical bonding, the coordination type, the internal magnetic fields,
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and on the electric field gradients that affect locally iron ions. From the
intensity ratio of the respective component lines, the composition and na-
ture of the iron compounds present in a sample may be determined.

Moreover, Mossbauer spectroscopy is sensitive to the size of crystallites.
It has been shown that the nature of the magnetic and quadrupole interac-
tions measured with the aid of Mdssbauer technique for bulk materials is
in several cases different than that for the same materials occurring in
fine-dispersive form (crystallite size below some hundred A). In the case of
magnetically ordered (ferro- or antiferromagnetic) substances, the charac-
teristic Zeeman splitting disappears below certain critical size limit, and
only a doublet of the quadrupole splitting or a simple line may be observed
in the spectrum.

_ An Intertechnique spectrometer operated in time mode was used to
measure the Mossbauer spectra in the well-encrusting sediments. The
source of the monoenergetic 14.4 keV gamma-line was “’Co in chromium
of an activity of about 30 mCi. The absorbers were prepared from powders
compressed into disks (2 cm in diameter) with a surface density of 30 mg/
Jem2. The spectrometer velocity scale was calibrated using the standard
absorber a« — Fe,0; enriched in the isotope 57 Fe.

The shapes of the measured Mossbauer spectra taken at room tempe-
rature for several samples are almost identical. One of them is shown in
Figure 5.

The high value of the effect as well as three clearly separated lines of
different intensity imply that the measured spectra represent a superposi-
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Fig. 5. Mossbauer spectrum of incrustation taken at room temperature
b c— doublets of quadrupole splitting 2e
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tion of some doublets of the quadrupole splitting, corresponding to diffe-
rent sites occupied by iron ions. The spectra failed to show the Zeeman
splitting, characteristic of magnetic iron compounds, which suggests that
in the sample studied iron compounds appear in paramagnetic or super-
paramagnetic state.

Table 3

The values of quadrﬁpole splitting 2e, isomeric shift § and
percentage of surface S for particular doublets (a, b, ¢)

2¢ b} S

Doublet (+010 mm s | (0.05mm s—) (+ 2%)
a 2.07 1.23 12
b 0.64 0.47 . 46

¢ 0.73 0.37 42

A more detailed analysis of the measured spectra, carried out by an
* Odra-1305 computer, permitted to resolve the experimental spectra into
three doublets of the quadrupole splitting having a Lorentz line shape
The fitting of the theoretical line to the experimental points is presented
in Figure 5 as a solid line, whereas the position of each doublet is marked
with braces a, b and c. The obtained values for the quadrupole splittings
%, isomer shifts 9, as well as the surface area S under the lines for
each doublet (a, b, c) are given in Table 3. A

The values of the isomer shift and quadrupole splitting for the doublet
designated as a are typical of a compound in which high spin ferrous iron,
Fe?+, is present while those values for the doublets designated as b and ¢
are indicative of compounds containing high spin ferric iron, Fed+.

Taking into account the results of X-ray analysis which have revealed
that fine-dispersive forms of iron oxides and hydroxides occur in the sam-
ple under study, the Mdssbauer data indicate that for o — Fe,O; (haema-
tite) and a — FeOOH (goethite), magnetically ordered at room tempera-
ture, the particle size is below the critical limit at which the characteristic
Zeeman splitting disappears.

The effect of the size of haematite crystallites on Morin temperature
(at which a change in orientation of atom spins with respect to the crystal-
lographic axes occurs) was studied with the aid of Mossbauer spectroscopy
by Kiindig et al. (1966). Knowing exactly the average particle size of the
analysed haematite samples, those authors have found that Zeeman split-
ting of o — Fe,0; observed at room temperature for bulk material disap-
pears for the particle size less than 135 A, and only a doublet of the
quadrupole splitting corresponding to the superparamagnetic state of o —
Fe,O; can be seen.

In their subsequent paper, Kiindig et al. (1967) have reported that the
smaller the haematite particle size, the larger the quadrupole splitting
yalue. The particle size, on the other hand, has very little effect on the
isomer shift, which is almost the same as for bulk material.

The values of § and 2e¢ obtained within the experimental error limits
by the present authors for ¢ doublet-indicate that it corresponds to haema-
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tite of medium particle size (<70 A). It cannot be excluded, however,
that a part of Fe?* ions corresponding to ¢ doublet appear in the form of
Fe(OH);, for which the known isomer shift 5 (Mathalone et al. 1970) has
practically the same value whereas the value for the quadrupole splitting,
9¢ = 0.65 mm-s~1, is only slightly lower than that obtained for ¢ doublet.

The isomer shift & measured for b doublet indicates that it is given
by goethite, which has been thoroughly investigated in bulk form by
several authors. Depending on the origin of samples, simple or composite
Zeeman splitting was obtained by Méossbauer spectroscopy at room tem-
perature. Those differences were attributed to the various degrees of
goethite hydration. In contrast to the considerable body of knowledge
about bulk goethite, the properties of its fine-dispersive forms are less
known. The effect of the particle size of « — FeOOH on the shape of
Mossbauer spectra was studied by Shinjo (1966) and van der Kraan et
al. (1966), who reported only that the Zeeman splitting disappeared at room
temperature for the medium goethite particle size below 100 A. This ob-
servation indicates that in the sediments studied here, goethite appears in
the form of crystallites of the average size below the cited value.

The doublet a corresponds to a compound in which bivalent iron, Fe?*,
is present while its isomer shift & implies that it is FeCOs (siderite). Side-
rite is a paramagnetic substance at room temperature. Its Mossbauer spec-
trum measured by Ono and Ito (1964) shows a single doublet of the qua-
drupole splitting with the Mdssbauer parameters agreeing, within the ex-
perimental error limits, with those obtained for a doublet.

Moéssbauer spectroscopy fails to determine the degree of hydration of
goethite or haematite occurring in fine-dispersive forms. Evidence sugge-
sting that form of their occurrence has been provided by chemical ana-
lyses and other phase investigations.

DISCUSSION

The sediments encrusting water intakes may be regarded as ferruginous
on the ground of the marked predominance of Fe2+ and Fe?* comppunds.
The investigations have shown that the body of sediments consists of
hydrated fine-dispersive phases, o — Fe,0; and o — FeQOH. Moreover,
the presence of well-crystallized goethite has been asce.rtamed. The results
of X-ray, electron microscope and Mossbauer studies imply that goethite
appears in the form of very fine, markedly elongated grains. Also the size
of haematite crystallites defined by Mossbauer spectroscopy 1S suggestive
of a high degree of dispersion of that mineral. Another component of the
sediments studied is siderite.

Non-iron compounds in the well-encrusting sediments are represented
by calcite, amorphous Si0, and Al,O3 compounds and organic substance.
Small concentrations of other components such as MgQ, MnO, K,O, Na,O,
S0O,, detected by chemical analyses, suggest that their compounds do not
appear in the sediments in any significant amounts. . :

The analyses were also to determine the content of 1ron_mmera1 phases
in the sediments. From chemical analyses and recalculations of the TG
curve it appears that goethite makes up 97 — 29 wt. % of gll the f;;e com(;
pounds present in the sediments (Tab. 4) whereas hydrated iron oxides an
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Trabiliasd
Quantitative amount of iron compounds in composition of incrustations well obtained
as a result of use of different investigations (weight %)

Method of investigation
Phase Chemical Thermogravi- Mossbauer
analysis metric curve effect
o — FeOOH 27 29 ‘
hydrated oxides and l 46 +4
hydrooxides of Fe 65 59 ‘ .
o — FeOOH - nH,0 i
o — Fe,04 - nH,0
FeCO, 8 12 10 4

hydroxides constitute together 59 — 65 wt. 9%. The investigations failed to
show, however, how much of that total corresponds to hydrated o —
FeOOH and how much to hydrated o — Fe,O;. This is due, among other
reasons, to the fact that the authors give different amounts of water that
may be combined during hydration of those iron oxide phases (Minieraly
1967; Krause 1956). ’ v :

Mossbauer spectroscopy yielded further data permitting to define more
accurately the quantitative composition of the sediments (assuming the
same value of Debye-Waller factors). The recalculated content of iron
compounds making up the well-encrusting sediments is as given in Table 5.

Analyses of Mossbauer spectra ta-

ken for the other samples have shown

Table 5 that the nature of the constituent iron
oxides and hydroxides is the same.
On the other hand in the surface area
S corresponding to the individual

Content of iron mineral in incrustations
well (weight %)

Phaes ot doublets the Mdssbauer spectra indi-

cate that the percentage of siderite is

o — FeOOH 27—29 variable, depending on the ‘sampling
o — FeOOH * nH,0 ca. 18 4 site.

o — Fey0y « nH,0 44 H4 The above results throw some ligth

FeCO;, 8—12 on the genesis of the sediments

e studied. Mossbauer studies do not rule

out a possibility that Fe®* cations

appear partly in the sediment as amorphous Fe(OH);. This presumption
is consistent with the results of earlier investigations of the genesis of
sediments of that kind (Krause 1956, 1960). Furtheron, the present studies
hgve revealed that the composition of the sediments in question is stri-
kingly similar to that of the substances obtained by Domka (1975) and
Przytuski (1967) in the course of their investigations aiming to explain the
mechanism of goethite crystallization from synthetic Fe(OH);. It may be
presumed that this gel hydroxide is the primary substance in the incru-
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station processes, which by aging and crystallization, controlled by the pH
and Eh of the environment, passes into the liquid oxide phase and then
into goethite. A solution of that problem, as well as a precise determina-
tion of the content of iron compounds in the sediments would require
appropriate Mdssbauer measurements to be carried out on model samples.
In the present case, the whole issue is additionally confused by the lack
of data concerning the effect of the shape and size of iron mineral crystal-
lites on Debye temperature of those compounds.
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Tadeusz RATAJCZAK, Stanistaw WITCZAK, Dominik S. KULGAW -
CZUK, Janusz KRACZKA

BADANIA CHARAKTERU POLACZEN ZELAZA W OSADACH
KOLMATUJACYCH STUDNIE ’

Streszczenie

Celem praey byto zanalizowanie sktadu mineralnego osadow wytracaja-
cych sie w studniach. Szczegélng uwage po$wiecono wyjasnieniu charak-
teru i struktury tworzacych je mineraléw zelaza. Przedmiotem badan byla
usredniona prébka osadéw kolmatujacych filtr, pobrana z ujecia wodnego
na terenie miasta Krakowa. Dla okresSlenia skladu fazowego osadéw wy-
konano analize chemiczng, termiczng, rentgenograficzng i spektroskopowsg
w podczerwieni. Przeprowadzone badania z zastosowaniem transmisyj-
nego mikroskopu elektronowego stuzyly okresleniu wielkos$ci ziarn tlenkow
zelaza, jak réwniez ustaleniu ich cech strukturalnych i teksturalnych.
Wielkos$é krystalitow okreslano za pomocg wzoru P. Scherrera. Podobnego
rodzaju wiadomosci miata dostarczy¢ takze metoda spektroskopii mossbau-
erowskiej.

@Analizy chemiczne wykazaly, ze podstawowym skladnikiem badanych
osadow jest Fe,Oz;, a nastepnie CaO i FeO. Podrzednie wystepujg SiO,
i AlL,O;. Duza zawarto$¢ tlenkow zelaza (Fe,O; + FeO = 64,05% wag.)
upowaznia do okreslenia ich jako osady zelaziste. Podstawowg tre$¢ osa-
déw kolmatujgcych studnie stanowig uwodnione tlenki zelaza: hydrohe-
matyt i hydrogetyt oraz wodorotlenki — getyt. Intensywno$¢ refleksow
otrzymanych na krzywych dyfraktometrycznych przemawia za tym, ze
w najwiekszej ilosci wystepujg tlenki @wodnione — hydrogetyt i hydro-
hematyt. Ksztalt refleksow sugeruje poza tym, ze w przypadku badanych
osadéw mamy do czynienia z nagromadzeniami drobnodyspersyjnymi tlen-
kowych faz mineralnych zelaza, o niewysokim stopniu uporzadkowania
budowy wewnetrznej, wzglednie z zakléceniami w strukturze. Analiza
dyfraktometryczna wykazala takze obecno$¢ weglanéw: kalcytu i syde-
rytu.

Dominujgcymi drganiami wystepujagcymi na krzywych spektralnych
w podczerwieni sa drgania pochodzgce od tlenkow: i wodorotlenkow zelaza.
Nalezg do nich m.in. intensywne drgania metalotlenowe. Znaczny stopien
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uwodnienia tych polgczen jest potwierdzony drganiami deformacyjnymi
i walency jnymi pochodzgcymi od drobin wody.

Na krzywej TG zaznaczajq si¢ dwa wyrazne zakresy ubytku masy ba-,
dangj substancji. Pierwszy z nich (100—400°C) wynika ze straty wody
zawartej w uwodnionych tlenkach i wodorotlenkach zelaza oraz z rozkla-

du substancji organicznej i siarczkow. Drugi (500—800°C) wywotany jest
rozktadem weglanow.

Przeglad preparatow elektronowych wykazal, ze poszczegdlne ziarna
wykazujg nieregularne ksztalty. Porownujac otrzymane zdjecia ze wzor-
cowymi stwierdzono ich wyrazne podobienstwo do getytu oraz tlenkéw
zelaza. Wielko§é poszczegdlnych ziarn jest rzedu 100—500 A.

: Wyznaczono wymiary krystalitow getytu. Otrzymano nastepujace wy-
niki: | do (110) — 39,14 A, 1 do (010) — 19,04 A.

Uzyskane przy pomocy metody spektroskopii mossbauerowskiej warto-
Sci przesuniecia izomerycznego d 1 rozszczepienia kwadrupolowego 2e
dubletu (symbol a na fig. 5) sg typowe dla zwigzkéw, w ktérych zelazo wy-
stepuje w stanie wysokospinowym Fe2?*, natomiast wartosci te dla duble-
tow oznaczonych b i ¢ wskazujg na zwigzki, w ktérych zelazo wystepuje
w stanach wysokospinowych Fe3*. Wartosci d i 2¢ z pomiaréw dla duble-
tu ¢ wskazuja, ze odpowiadajg one hydrohematytowi o srednich wymia-
rach czastek okoto 70 A. Nie mozna jednak wykluczy¢, ze czes¢ jonow Fe3+
odpowiadajaca dubletowi ¢ wystepuje w postaci Fe(OH);. Wartosci zmie-
rzone dla dubletu b wskazuja, ze pochodzi on od getytu. Mineral ten wy-
stepuje w formie czastek o wielkosci ponizej 100 A. Dublet a odpowiada
zwigzkowi, w ktérym zelazo wystepuje w postaci Fe?t, a jego d wskazuje
ze jest nim FeCOj.

Badania fazowe pozwolily na ustalenie sktadu iloSciowego w zakresie
potaczen zelaza (w przeliczeniu na 100%). Przedstawia sie on nastepujgco:
o — FeOOH 27—29, « — FeOOH - nH,0 okolo 18, a — Fe,O3-nH,0 — 44,
FeCO; — 8—12 (w % wag.).

Rezultaty badan z zastosowaniem efektu Mossbauera nie wykluczaja
faktu, ze czesé kationéow Fed3* moze wystepowac w osadzie w postaci zelo-
watego Fe(OH);. Mozna przypuszczac, ze stanowi on subsfcancj_e pierwotng
w procesie kolmatacji, ktéra droga starzenia sie i krystalizacji uwax"unko—
wanych warto$ciami pH i Eh érodowiska przechodzi w faze uwodnionych
tlenkéw zelaza, a nastepnie w getyt. :

OBJASNIENIA FIGUR

i ; i j h studnie:
Fig. 1. Krzywa dyfraktometryczna osadow zelazistych kolmatujacyc
5 G —ygetyt,th — hydrogetyt, H —’hematyt, hH — hydrohematyt, C — kalcyt, S — sy-

deryt
Fig. 2. Spektrogram absorpeyiny w podczerwieni osadéw wytracajacych sie¢ w uje-
ciach wodnych

G — getyt

Fig. 3. Krzywa termograwimetryczna badanych osadéw ‘ i 5
I — straty wagowe powstale w wyniku odwodnienia uwodnionych tlenkéw i wodoro-
tlenkéw Fe, rozktadu pirytu i spalania substancji organicznej, II — straty wagowe

powstate w wyniku rozktadu syderytu

Fig. 4. Krysztal getytu (wg Goldschmidta i Parsonsa 1910) z naniesionymi waytoécia-
" mi jego parametréw
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Fig. 5. Widmo mossbauerowskie osadéw zelazistych wykonane w temperaturze poko-
jowej
2: — rozszczepienie kwadrupolowe, (a, b, ¢) — polozenia poszczegélnych dubletow roz-
szczepien kwadrupolowych "

OBJASNIENIA FOTOGRAFII

Fot. 1. Skupienia ziarn tlenk6w zelaza o nieregularnych ksztaltach. Pow. X 48000

Fot. 2. Nagromadzenie tlenkéw zelaza o budowie ziarnistej z wyraznie rozwinietg li-
nig brzegowsg. Pow. X 30 000

Fot. 3. Ziarna tlenkéw zelaza o tr6jkatnych zarysach i ostrych konturach. Pow.
X 80 000

Fot. 4. Czastki badanego osadu o budowie blaszkowej tworzace agregaty. Pow.
X 100 000

Fot. 5. Blaszki mineraléw tlenkqwych zelaza z nieregularnymi ,karbowanymi” kra-
wedziami. Pow. X 80 000

OBJASNIENIA TABEL

Tab. 1. Sklad chemiczny badanych osadé6w

Tab. 2. Przyblizony sklad fazowy badanego osadu otrzymany w efekcie przeliczen
analizy chemicznej i krzywej ubytku masy

Tab. 3. Zestawienie warto$ci rozszczepien kwadrupolowych 2¢, przesunigé izomerycz-
nych & i procentowych wielko$ci powierzchni S dla poszczegblnych dubletow
(a, b, ¢)

Tab. 4. Ilo§ciowy udzial mineral6w zelaza w skladzie osadéw kolmatujgcych studnie
otrzymany w rezultacie zastosowania réznych metod badawczych (w przeli-
czeniu na 100%) \

. Zawarto§¢ mineralow zelaza w osadach kolmatujgcych studnie (w przelicze-
niu na 100%)

DN =

Tab.

o

Tadeyw PATAHUYAK, Cranucaras BUTYAK, Homunux C. KYJIBIABYYK,
Anyur KPAYKA

UCCJENOBAHUE XAPAKTEPA CBSI3EM )XEJIE3A B OCAIIKAX
5 KOJIbMATYPYIOILHUX KOJIOLLbI

Pesome

Lenpio paGoThl sBJSJICA aHAIM3 MHHEPAJbHOTO COCTaBa HAHOCOB OCAXK-
Jatomuxcs B KoJojax. OcoGennoe BHUMaHUE YJeJIeHO BBISICHEHHIO XapakKTepa
¥ CTPYKTYpBI CJIaraiolux MX MHHepaJsioB skejesa. [Tpeimerom HCCJIELOBAHHS
SIBNANCS CPEeAHMI 06pasel ocakoB KOJbMATHPYIOWUX (QHIALTP, OTOOpAHHBIA
u3 Boj03abopa Ha TeppuTopun ropoxa Kpakosa. C 1edbio onpejeseHust paso-
BOTO COCTABA OCAJKOB NPOBE/ICHbl XHMHUECKUH, TEPMHUECKHH, PEHTTeHorpa-
duuecknit u UK-cnekrpockonnueckuit ananuael. McciienoBanus, npoBejieHHbIe
C NPHMEHEHHEM TPAHCMHUCCHOHHOTO 3JIEKTPOHHOIO MHKPOCKOMA, MOCIYKHIIH 115
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onpe/iesieHlst Pa3MepOB 3ePeH OKHCJIOB JKeJle3a, a TaKKe JUIs ONpeLesieHHsl HX
CTPYKTYPHBIX H TEKCTYPHBIX CBOHCTB. Pasmepbl KpHCTAJINTOB ONpeNesIeHo M0
dopmyae I1. Ileppepa. [TogoGHoro pona uHpOMAUKIO 10JKEH NaTh H METOA
MéccHay3pOBOH CIEKTPOCKOIHH.

XuMHUECKHE aHAJU3bl N10KA3aJH, UYTO OCHOBHBIM KOMIOHEHTOM H3y4YaeMbiX
ocankoB siBasieTcs: Fe,Oy, a 1otoMm CaO u FeO. [logunnenHnoe 3HaueHHe HMEIOT
Si0, u Al,O3. bBogbuioe cojepxanue OKHCIOB xkenesa (Fe,O3 + FeO =
= 64,05%) maer BO3MOXKHOCTb HA3BATh HX JKEJE3HCTHIMU OcaakaMH. B Kouab-
MAaTHPYIOUHX KOJOAIB! 0CaJKaX B OCHOBHOM COJIEP2KATCS TH/IPAThl OKHCJIOB JKe-
Jie3a: ruJPOreMaTHT H FHPOTeTHT; PHAPOOKHCILl — reTut. Kpome Toro, popma
pedJieKCOB yKasbiBAET, UTO B CJIyuae HCCJELYeMbIX OCA/IKOB HMEET JeJI0 C MeJi-
KOMCIIEPCHBIME CKOIJICHHSIMH OKHMCJIbIX MHHEPaJbHbIX (pas skeje3a O HeBBICO-
KO#l CTEIEeHH YINOPsIA0UYEHHOCTH, HilH ¢ Ae(eKTaMH CTPYKTYpbl. PeHTreHoBCKuit
aHaIM3 OOHAPYXKMJI TAaKKe MPHCYTCTBHE KapOOHATOB: KAaJbLMTA H CHAEPHTA.

[IpeoGnanarouumy nojocamu Ha MK-crnekrpax siBIsiioTCsi MOJIOCH MOrJIa-
[L[EHHs] OKHUCJOB M THAPOOKHCIOB eje3a. K HHUM NpHHajjiexaT HHTEHCHBHBIE
MOJIOCH METAaJJIOKUCHBIX KoJieOaHuil. 3HauuTebHas CTENeHb rHApaTallii ITHX
CBsI3eil TOATBEpKAaeTCs Ae(op-TN0I0CaMH MOMNVIOIEHHsS] MOJEKYJT BOAbL.

Ha xpuBoii TG 00603HAualoTCsl JBa UETKUX HHTEpBAJa IOTEpPH Beca H3y-
yaemoro BewiecTBa. Ilepsoiii u3 Hux (100—400°C) BbI3BaH BOJOH, COAepKa-
lueficsi B THAPATHPOBAHHBIX OKHC/IAX M THAPOOKHCIIAX, a TaK¥Ke OpraHHueCcHKM
BelecTBoM H cyabdunamu. Bropoit (500—800°C) cBsisan ¢ pasJoKeHHEM
KapOOHATOB.

[1poCMOTp 3JIEKTPOHHBIX H300paKeHUH 10Ka3aJl, uTo OT/eJIbHbIe 3epHa Xa-
paKTepH3yloTCsl HenpaBH/IbHbIMU (popMami. CpaBHUBAs NOTYUeHHbIE u3o6pa-
JKEHHS C 3TaJOHHBIMH, 00HAPYKEeHO HX SBHOE CXOACTBO C TETHTOM H OKHC/IaMIL
skeJ1e3a. BOJBIIHHTCBO OT/AJbHEIX 3epeH nopsiaka 100—500 A.

Onpe/ieJieHo pa3Mepbl KPHCTAJLIHTOB reTTa. [TosyueHo cieayomiue pesy.b-
rate: | k (110) — 39,14 A, | k (010) — 19,04 A.

3HaueHHs] M30MEPHOro CMELIEHHS d M KBAJPYMOJbHOrO PACLICNJICHHS Ay
muera 2¢ (CHMBOJ @ Ha Qur. 5), MOJTyYEHHbIE METOAOM MéccOayIpOBCKOH CreK-
TPOCKOTIHH, THIIHYHBI ISt COEJHHEHHH, B KOTOPBIX XKEJI€30 HaXOIUTCSI B BBHICO-
KOCIIMHHOM COCTOSTHHH Fed+. 3HaueHue d W 2¢ H3MEpeHHH JUIs AyIiera ¢ yKa-
5BIBAIOT, UTO OHH COOTBETCBYIOT THJPOTEMATHTy O CPEAHHX pasMEpax YaCTHIL

nopsiaka 70 A. OJHAaKO HE MOXKHO MCKJIOUHTD, UTO yacth HOHOB Fedt, coor-

BETCTBYIOLLAs] AYIJIETYy ¢, HAXOAWTCs B BHIC Fe(OH);. [Tomyuennbie MJIst Ay-
neTa b 3HAUEHHsT YKA3bIBAIOT, UTO OH MPOHCXOAHMT OT LETHTA. SToT MHHEpal
BeTpeuaercst B (popme uacTHI[ Pa3MepoM MEHbLIE 100 A. Jynuier a cOOTBeT-
CTBYET COEJMHEHHIO, B KOTOPOM KEJIE30 Haxomurcs B Bune Fe2f, a ero d yka-
3piBaet, uro 310 FeCOj.

dazoBble HCCJIE0BAHUSI MO3BOJIHIH yCTAHOBHTDH KOJIHUeCTBEHHbIH COCTaB
coe/lMHEeHHHl xeje3a (B mepecuere Ha 100%) . On mpeacraBisieTcst CEAYIOLIHM
o6pasom: o — FeOOH — 97—29, o — FeOOH:nH,O OKOJIO 18, a —
Fe,0;-nH,0 — 42, FeCO; — 8—12 (8 Bec. %).

PeaysbraThl HCCIEOBaHHS C NPHMEHEHHEM s¢ppexra MéccGayspa He HC-
KJioualor (pakra, yro 4acTb KaTHOHOB Fe3+ MO)KeT MPUCYTCTBOBATb B OCAIKE
B Buje reqsi Fe(OH);. MoxHO noJararb, 4ro OH sBJIsieTCs] epBHYHbIM Belle-
CTBOM B mpolecce KOJbMaTaxa, KoTopoe nyTeM crapeHdst H KpHCTAJUIH3alHH,
00yCJIOBJIEHHON 3HAUEHHS pH u Eh cpe/ibl, MEPEXOJHUT B (pasy rujpaTHpoBaH-
HBIX OKMCJIOB JKeJe3a, a 3aTeM B FeTHT.
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OB'bSICHEHUS K ®PUTYPAM

3 Iln(ppaKTorpaMMa KOJBbMATHPYIOUIHX KOJIOLILbI 2KEJIE3HUCTBIX OCAaJAKOB

G — rerur, hG — ruaporerat, H — remarur, hH — THApPOreMarHr, C — Kaabuur, S — CH-
JEepHT

. I/IK-CHCKTP HAHOCOB OCaKJAarIlHxcs B BO,ElO3c'.160pZIX

G — reTHr

5 TepMOrpanmeTpuqecKan KpHBasi HCCJAEAYEMbIX OCA/IKOB

I — noTepH Beca BeJICACTBHE Aerujaparauii rHipaTHLIX OKHCJIOB H THAPOOKIICJIOB 2KeJgiesa, po3-
JIOXKEHHsI nupura H CropaHus OpraHH4YeCcKoro Beulecrsa, I — norepy Beca BeJEeACTBHE POSJID-
JKeHHsI CHAepHTa

. Kpucraan reruta (mo Foapammuary u Ilapconcy, 1910) ¢ naneceHHBIMH SHaUCHHSM

ero napamerpos

. MéccGayspoBCKUil CIEKTP KeE3HCTBIX 0CaKOB (HKCHPOBAHHBIL B KOMHATHOH TeM-

neparype
2 “— KBaapynoJabHOe pacuienyienue, (@, b, ¢) NOJOXKeHHs OTAEJbHBIX AYNJIETOB KBAaAPYNOJLHLIX
pacuienieHnij

OBBJACHEHUA K ®OTOIPAGUAM

. CKOMJIeHHSI 3epeH OKHC/IOB JKeye3a HenpaBHIbHBIX (opm. X 48 000
. HarpoMosk/ienHe OKHC/IOB 3Keyesa 3epPHHCTOH CTPYKTYpbl C OTYETVIHBO pPasBHTOM

kpaesoit suHuei. X 30 000

. 3epHa OKHCJIOB 2KeJieda TPeYroJbHbIX (GopM T yeTknx KouTypos. X 80 000
. Arperatbl uacTHl H3y4aeMOro OcajKa macTHHYaToro crpoenns. > 100 000
. TlnacTHHKH OKHCHBIX MHHEpaJoB JkKesesa ¢ ,,pHpaéHbME” Kpasmu. X 80 000

CITMCOK TABJIMLL

. XHUMHYeCcKIiii cocTaB HeesieyeMblX 0Ca/ZlkKOB

. Ipu6auzKkeHublii (Ha30BLI COCTAB HCCJIELYEMOTo OcajKa, MOJyuYeHHLIH B HTOre Ie-
pecyeTa XHMHYECKOr0 aHaJi3a M KPHBOH IIOTEpH Beca

. ComocraBiieHne 3HAUCHHI KBAJAPYNOJIbHBIX pacllelVieHui 2¢. H30MEPHBIX CMelleHHH &
H NPOLEHTHOH BeJNMYMHBI IJIOWlaAn S OTAENbHBIX AYNIeTOB (a, b, ¢)

. KosnuectBenHoe COOTHOLIEHHE JKeJE3HCTHIX MHHEPAJIOB B COCTABE KOJIbMATHPYIOLLHX
KOJIOAUB! OCAZKOB, NOJYYeHHOe B HTOTre MPHMEHEHMSI Pas3JIMYHBIX HCCIeL0BAaTeNbCKHX
MeToJ0B (B mepecuere Ha 100%)

. Conepkanne Kejie3HCTBIX MHHEPAJIOB B OCAaAKaX KOJbMAaTyPYIOIIHX KOJOMMUb (B me-
pecyere Ha 100%)

MINER. POL. VOL. 7, No 2 — 1976 PLATE I

Phot. 1. Aggregate of grains of iron oxides with irregular shapes.
b X 48 000

Widi A

: i ide 1 “ ith distinct sharpedged
t. 2. Accumulation of oxide iron forms with
e borders. X 30 000

Tadeusz RATAJCZAK et al. — Studies: of the nature of ‘ron compeunds in well-
_encrusting sediments
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Phot. 3. Grains of iron oxides
with sharp lines and visible
triangular angles. X 80 000

Phot. 4. Particles of incrustation Phot. 5. Plates of iron oxides with irregular
formed from grains with flaky struc- outlines. X 80000
ture. X 100 000

Tadeusz RATAJCZAK et al. — Studies of the nature of iron compounds in well-
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