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Abstract. The mechanism of the action of ammonium fluoride solutions on the
crystal lattice of kaolinite has been investigated. Special attention has been paid to
the process of kaolinite degradation in fluoride solutions and to the crystallochemi-
cal character of the resultant reaction products. A method of determining the degree
of degradation of the surficial zones of the kaolinite crystallite aggregates involving
measurements of the intensity ratio of the reflections 001 and 002 has been suggested.

INTRODUCTION

The paper presents the data yielded by a study of the degradation of
kaolinite caused by the action of ammonium fluoride solutions. The effect
of alkaline fluoride solutions on silicates with layered structure was inve-
stigated by several authors (Dickman, Bray 1941; Samson 1952; Romo,
Roy 1957; Fijal, Zietkiewicz 1968, 1969; Hiibner 1969). Yet, their works
dealt with the ionic substitution OH=/F~ and the procedures adopted in
the investigations of those phenomena rather than with the crystalloche-
mical character of the degraded mineral substances obtained as products
of the reaction with fluorides. These problems are the subject of the pre-
sent paper.

It is well known that the reaction of fluoride solutions with clay and
other minerals containing hydroxyl groups is attended by an increase in
alkalinity of the solution due to the OH- groups passing to the liquid
phase. This process may be accounted for both by the substitution of OH~
by F- and by the decomposition of the mineral structure. These pheno-
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mena are accompanied by degradation of minerals (amorphization), lea- |

ching of some ions from the crystal lattice, and by the rise of secondary v I
phases formed from the products of mineral decomposition. Applying
a combination of phase and chemical methods, it is possible to predict the
probability of occurrence of each type of reaction or the simultaneity of
their occurrence. Infrared absorption spectroscopy proved to be parti-
cularly useful for this purpose since it permits to follow the progress of
the reaction of mineral phases with fluoride solutions and to evaluate
quantitatively the substitution processes (Romo, Roy 1957; Fijal, Zietkie-
wicz 1968, 1969).

EXPERIMENTAL PROCEDURE 1

The analyses were carried out on an almost monomineral kaolinite b
sample obtained by elutriation of kaolinite clay derived from the J eglowa
deposit. X-ray examinations have revealed only a slight admixture of
illite and quartz.

This material was treated with NH,F solutions under different condi- c
tions. The effect of the fluoride solution concentrations, the time of the
process and of temperature on the course of reaction was determined. The
following concentrations of NH,F solution were used: 0.5, 1.0, 1.5, 2.0 and
3.0 n. The character of structural changes was recorded as the activation
time was prolonged. The effect of temperature on the process of kaolinite
decomposition was investigated at 20 and HORE:

The progress of the reactions was followed using X-ray, infrared spec- 4
troscopic and electron microscope methods.

o

EXPERIMENTAL DATA i

)X - ralyee xaminaibiion s

X-ray investigations were carried out on the TUR-M61 diffractometer.
The character of the structural changes in kaolinite occurring in the course L\ 632
of reaction with ammonium fluoride was determined, and the<secondary ‘
phases formed in this process were identified. :

X-ray diffraction patterns of a non-treated sample and those fluorina- ] 448
ted with 1.5 n NH,F solution for 1, 3, 5 and 15 hours at 50°C (Fig. 1 a—e)
were taken. To investigate the relative changes in the intensity of reflec-
tions coming from different lattice planes in the structure of kaolinite,
samples were prepared so as to eliminate the effect of preferred orienta-

tion .of' kaolinite ﬂgkes on the intensity of 001 reflections. Accordingly, 505 A
kaolinite samples with a 20% addition of powdered cork (fraction << 230 ) 21 '
were prepared. ‘
As appears from the diffraction patterns, the intensity of kaolinite re- _’J’I__,_J_,_A
il

flections gradually decreases as the reaction time is prolonged. This evi-
dences on one h_and that 'the degradation of the structure of kaolinite (its
amorphization) is advancing and, on the other, that kaolinite becomes so-

lubilized, which enables the formation of secondary phases. Changes in Fig. 1. X-ray diffraction patterns S Ry
the intensity of the reflecti c a — initial kaolinite sample (from Jeglowa), b—e — kaolinite samples fluorinated with 1.
Y ons 001, 020 and 002 were observed. The in- NH,F solution at 50°C for 1, 3, 6 and 15 hour, respectively, f — kaolinite sample fluorinated

60 with 1.5n NHyF solution for 3 months at 20°C
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tensity ratio of the peaks 7.17 A (from 001 planes) and 3.57 A (002) decre-
ases systematically (except for the sample activated for 5 hours) as the
fluorination time is prolonged. This fact could be interpreted on an as-
sumption that the degree of kaolinite degradation changes as the process
advances from the grain surface to its interior. This assumed gradient of
concentration of lattice defects in kaolinite grains could produce the diffe-
rences in theé intensity of the reflections 001 (7.17 A) and 002 (3.57 A),
though they come from the same family of lattice planes. It has been
assumed that the low-angle reflection 001 affords information on the or-
dering of the more external zones in!a kaolinite grain compared with the
reflection 002.

Lo01/ 002
)

T
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Fig. 2. Variations in the intensity ratio of the
reflections 001/002 of {luorinated samples vs. time

The authors suggest that the increased value of the Iyy;/Iyp, ratio in
the sample activated for 5 hours (Fig. 2) can be explained in the following
way: the initially degraded surficial zones of grains are dissolved due to
further fluorination. This results in local exposure of new surface layers
that show a lower degree of degradation (amorphization). Upon prolonged
treatment of the sample with NH,F solution, the Iyy,/Is, ratio is expected
to increase again, which has, indeed, been confirmed experimentally.

The possibility of the secondary regeneration of the surface zones of
aluminosilicate minerals has been noticed by other authors (Ferrel, Grim
1967). Their investigations focussed, however, on the effect of alkaline
medium on silicate minerals.

The ratios of the reflection intensities Iyy; and Iy, show a similar ten-
dency, ie. the ratio decreases as the fluorination time is prolonged, the
sample activated for 5 hours excepted. A precise determination of th’e in-
tensity of the reflection 020 of kaolinite presented, however, considerable
difficulties due to a coincidence of the reflections 4.48 and 4.717 A of kaoli-
nite with those of illite (4.50 A) and quartz (4.25 A). For that reason, va-
riations in the Iy:/I9s9 ratio have not been evaluated guantitatively. ’

_ X-ray examinations of the samples have revealed that the constituent
silicate minerals show a different reactivity during fluorination. A com-
parison of changes in the relative intensity of reflections of kaolinite
illite and quartz permits to determine the degree of degradation of these
minerals under the influence of NH,F. The highest reactivity is shown by
kaolinite, the reflections of which disappear systematically as the activa-
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tion time is prolonged. Illite is much more stable; even after 15-hour
activation the intensity of its basal reflection (9.95 A) is only slightly lo-
wered 'compared with. that of the initial sample. Quartz practically does
not decompose at the applied concentration of the fluoride solution (1.5 n).
The pronounced decrease in the intensity of kaolinite reflections, with the
intensity of illite and quartz reflections remaining almost unchanged,
indicates that degradation of the structure of kaolinite results in the for-
mation of an X-ray-amorphous substance. The reactions of dissolution
of the degraded surface zones of kaolinite proceed parallel with this pro-
cess. This makes the complex ions [AlF¢]?~ and [SiFs]?~ pass to the liquid
phase, which, in consequence, may produce secondary phases — fluoro-
aluminates and fluorosilicates.

The diffraction pattern presented in Figure 1 shows a weak reflection
6.50 A produced by the secondary phase AlF;-H,O which, because of its
low water solubility, has remained in the fluorinated samples despite
repeated washing.

Figure 1 f presents a diffraction pattern obtained during activation of
a kaolinite sample with 1.5 n NH,F solution for 3 months at 20°C. This
pattern shows that the process of fluorination in these conditions also
tends to produce degraded structure in kaolinite. This is evidenced by
the intensity ratio of the reflections 001 and 002. The presence of the re-
flections 6.50, 5.45 and 5.05 A of the secondary phase AlF;-H,O indicates
that decomposition of the structure of kaolinite also occurs under low-
-temperature conditions.

It appears then that fluorination of kaolinite at a given concentration
of fluoride solution in low-temperature conditions (20°C) and at an ele-
vated temperature (50°C) gives very similar results despite essential diffe-
rences in the length of the reaction times. It follows, therefore, that tem-
perature has no vital effect on the mechanism of fluorination process but,
on the other hand, affects appreciably the reaction rate.

b) Infrared spectroscopicinvestigations

Infrared spectroscopic investigations were carried out on the C. Zeiss
UR-10 spectrophotometer using KBr disks. Spectra of oriented prepara-
tions obtained by sedimentation were also recorded.

Infrared spectroscopic analysis was to yield data on the character of
chemisal reactions of alkaline fluoride solutions with kaolinite. 1t is worth
noting that spectroscopic analyses permit to view the fluorination process
in a slightly different aspect than X-ray examinations. In the spectra of
fluorinated samples there is a superposition of absorption bands coming
both from crystalline and amorphous constituents of the sample, while
X-ray investigations yield, naturally, no data on amorphous subst'ance.
Moreover, passing through the preparation that is transparent to it, an
infrared radiation beam affords information both on the interngl and ex-
ternal zones of kaolinite grains, whereas X-ray diffractometry yields more
or less exact data on the more surficial zones of grains only. .

Figure 3 shows the absorption spectra of the initial sample of kaolinite
(a) and of those treated with 1.5n NH,F solution for 1, 3, 5 and 15 bours,
respectively (b—e); it presents also the spectrum of a sample activated
with 3n NH,F solution for 3 hours (f). ;

Fluorination produces several changes in the absorption spectra of
fluoride-treated samples. Yet, a similarity of the speptra of.fluo.rmated
samples (Fig. 3 b—e) and that of the initial samples (Fig. 3 a) implies that
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Fig. 3. Infrared absorption spectra

a — initial kaolinite sample (from Jeglowa), b—e — kaolinite samples fluorinated with 1.5n
NH,F solution at 50°C for 1, 3, 5 and 15 hour, respectively, f — kaolinite sample fluorinated

with 3 n NH,F solution for 3 hour

the original character of the structure of kaolinite becomes only modified
during that process. A decrease in the intensity of the valence
(03600 cm~1) and deformation (920 cm~!) bands of OH groups in the
spectra of fluorinated samples is a characteristic indicator of the process
of substitution and degradation of the structure of kaolinite. Measure-
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ments of the intensity of these bands as the activation time is prolonged
make it possible to evaluate quantitatively the intensity of substitution
and degradation processes in kaolinite.

Changes in v3 vibrations of the SiO, tetrahedra in the range of 1000—
1200 cm~1 have also been recorded. The band 1120 cm~! decreases almost
systematically in intensity with time. Simultaneously, the v; bands become
slightly broadened towards higher wave numbers. On the slope of these
bands at 1160—1300 cm~1, a bending of the spectral line with the maximum
about 1200 cm~! appears, being particularly conspicuous in the spectrum
of the sample fluorinated for 15 hours (Fig. 3 e). In the spectra of fluori-
nated samples the band 535 cm~! produced by Al—O vibrations lowers its
intensity, and so does the band 755 cm~! produced by Si-O-Al vibrations,
though its intensity is also affected by coincidence with the broad Al—F
band.

All the above changes should be attributed to the disarrangement of
the structure of the octahedral and tetrahedral sheets of kaolinite during
fluorination. They may be due to both the removal of AlI** ions from the
octahedral sites and the breaking of Si-O-Al oxygen bridges binding the
octahedral sheet with the tetrahedral one in the layers.

Apart from the above changes in the absorption bands corresponding
to kaolinite, additional bands have been noted in the spectrum. These are:
a broad band with the maximum at 605 cm~!, which coincides with the
kaolinite maxima in the range of 500—750 cm~!, and intensive (particu-
larly in spectra d and e) bands produced by valence and deformation vi-
brations of NHi ions (3130, 3240 and 1435 cm~?). It should be assumed
that the appearance of these bands is due to an admixture of insoluble
ammonium fluoroaluminate of the (NH,)3AlFs type in the samples since
the band 605 cm~! is most likely produced by vibrations of the Al-F bonds.
X-ray examinations failed however to reveal the presence of any phase
containing NH;‘. The authors assume, therefore, that the bands in quest-
ion are primarily due to the presence of amorphous ammonium fluoro-
aluminate in the fluorinated samples. Independently of this, the Al-F
bonds form very likely as a result of ionic substitution and degradation
of kaolinite. Substitution processes cause the OH™ group bonded with All3 E
to be replaced by F~ ion, whereas degradation brings about the breaking
of Si-O-Al oxygen bridges. The breaking of this bo_n.d by F- ions may (k_))L
attended by the formation of the unstable transitional system Si-0¢),
which is an active electrodonor centre with an excess of negatwe' charge.
The unsaturated oxygen bond could react yvith the alkaline NHy cation
supplied by the fluoride solution to form Si-O-NH, bond, the 'presen(je _of
which should be expected in the surficial degraded zones of kaolinite
flakes. '

The spectrum of kaolinite treated with 3n _NH4F SOl'thlOI’I for 3
hours (Fig. 3 f) is different from the spectra Qf kaoll.mtc and its fluorode-
rivatives shown in Figure 3 a—e. The analysis of this spectrum attests to
the complete transformation of the structure of kao_hmte (dlsappearance
of all the basal absorption bands of this mineral) with the simultaneous
formation of secondary phases, i.e. ammonium fluoroaluminates and fluo-
rosilicates. In the range of 400—800 cm~1, bands produced by Al-F
(580 cm~1) and Si-F (740, 480 em~—1) vibrations may be observed.’In the
range of higher wave numbers, absorption maxima due to deformation
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vibrations N—H of NH; (1400—1500, 3100—3400 ecm 1) have been recor-
ded. On the basis of comparative data (Nyquist, Kagel 1971) ammonium
cryolite (NH4);AlFs and bararite (NH,),SiFs have been identified.

Some additional data on the mechanism of kaolinite fluorination are
yielded by an analysis of the spectra of oriented preparations in the range
of valence vibrations of the OH- groups. Publications dealing with the
investigations of oriented nontreated samples (Serratosa, Bradley 1958;
Serratosa, Hidalgo, Vinas 1962; Wolff 1963) and fluorinated ones (Hiibner
1969) consider the possibility of determining on that basis the orientation
of dipoles of the OH~ groups in the crystal lattices of layered silicates. The
intensity of absorption bands corresponding to valence vibrations of the
OH- groups is, as is well known, a function of the angle between the bond
direction and the vibration plane of
the electric vector of the incident in-
frared radiation. t

In the absorption spectrum of kao-
linite, some types of hydroxyl groups
may be distinguished. These are:

1) grups inclined at a small angle
to the flake surfaces, almost unboun-
ded (free of hydrogen bonds), with
the absorption maximum about
3700/ cm+2,

2) groups deflected towards va-
cancies in octahedral sites with the
maximum 3625 cm 1,

d 3) groups involved in the inter-
layer hydrogen bonds with the ma-
xima 3655 and 3675 cm 1.

The maximum 3700 cm~! shows dis-
tinct absorption anisotropy. Figure 4
presents the spectra of non-treated
kaolinite samples oriented at an angle
' y of 0° (curve 4 a) and 45° (curve 4 b)
with respect to the incident infrared
radiation beam (the surface of kao-
linite flakes is perpendicular to that
beam). In the first case the intensity
of the band 3700 cm~! nearly equals
that of the band 3625 cm~1, whereas
in the second case it is evidently hig-
her. This indicates that the orienta-
tion of these hydroxyl groups is close
to the direction perpendicular to the
surface of kaolinite flakes (pla-
nes 001).
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Fig. 4. A comparison of absorption
bands of hydroxyl groups of non-trea-
ted and fluorinated kaolinite samples

a — of non-treated (sample oriented at an
:’;nAglet Zf (:°), b —1 of non-treated (sample The spectra of the fluorinated
riented at an angle of 45°), ¢ — of fluori- oriented kaolini 1 =
nated (sample oriented at an angle of 0°), tiO Oo Ohnlze Sarr})ples (Orlenta
d — of fluorinated (sample oriented at an )53 —_cx{rve % .45 T — QU 4 d)
et . oy e s shows alsimilan wvaniabilityasithose
ted sample), f — gr fluorinated (non-orien- discussed above. It is interesting to
ted sample) note, however, that at an orientation
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of 0°, the intensity of the band 3700 cm~! compared with that of the band
3625 _crn‘1 is much lower than on curve 4 a. This evidences that fluorina-
tion, involving incorporation of F~ ions into the crystal lattice of kaolinite,
produces changes in the orientation of hydroxyls due to disturbance of the
crystal field forces of this mineral. An analysis of the spectra 4 ¢ and 4 d
shows that the OH dipoles in partly fluorinated kaolinite assume an orien-
tation almost perpendicular to the direction of 001 planes.

For comparison’s sake, the spectra of random non-treated (Fig. 4 e) and
fluorinated (Fig. 4 f) kaolinite samples, obtained using KBr disks, are
presented. It is evident from the spectra that, though fluorination lowers
the intensity of the bands of hydroxyl groups (their number in the struc-
ture of kaolinite decreases due to, e.g. substitution), the intensity ratio
of the two bands (3625 and 3700 cm~—!) remains unchanged.

c) Electron microscope investigations

The investigations were carried out by means of Tesla electron microscope,
using an accelerating voltage of 100.000 V and a range of magnifications
from 10.000 to 30.000X. Electron micrographs were made using powder
and replica * techniques. The observations were to determine the effect
of fluorination on the morphology of kaolinite grains. Electron diffraction
patterns served as a basis for the identification of crystalline phases and
the investigation of the process of amorphization of kaolinite.

The investigations were performed on non-treated kaolinite samples
and those fluorinated for 5 and 15 hours with 1.5 n NH,F and for 8 hours
with 2 n NH4F solution.

Electron micrographs of the initial kaolinite sample (Phots 1, 2) show
the morphology of kaolinite flakes and polycrystalline aggregates. Single
kaolinite grains have frequently a hexagonal habit (Phot. 1) and are usu-
ally sharp-edged.

5-hour fluorination (Phots 3, 4) produces profound changes in the
morphology of grains, disarranging their structure. Photograph 3 shows
the loosening of polycrystalline aggregates caused by fluorination. Most
degraded are the marginal parts which, as shown by electron diffraction
studies, became completely amorphized. On the edges of monocrystalline
kaolinite flakes, characteristic etchings appear (Phot. 4). After 15-hour
activation these transformations become intensified (Phots 5, 6). Photo-
graph 5 shows the transformations occurring in a single kaolin@te flake;
the presented fluorination product does not cause electron diffraction
since it is completely amorphous. The kaolinite crystal visible on Photo-
graph 6 as a rod was also transformed this way. Electron microscope and,
above all, diffraction investigations evidence directly the progress of
amorphization processes resulting from zonal dissolution and removal of
ions from the crystal lattice of kaolinite.

Some pertinent data on the mechanism of fluorination process are
yielded by the study of electron micrographs made. b'y replica t_echmque.
Photograph 7 shows the surface morphology of kaolinite crygtalhte aggre-
gates that form complexes with parallel intergrowth; according to the di-
rection of 001 planes. Electron micrographs of fluorinated samples (Phot.

y means of replica technique were perfor-

‘ i investigations b !
* Electron microscope investig Y eition Geologische Wissenschatten.

med at the Greifswald University (GDR),
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8) reveal that fluorination at a relatively high concentration of fluoride
(2n NH,F solution — 8 hours) results in local dissolution of the kaolinite
grain surfaces (etching figures).

DISCUSSION

The reactions of kaolinite with ammonium fluoride solutions have been
investigated. The effect of time, concentration and temperature on the
structural transformations of this mineral has been analysed.

It has been found that the reactions: mineral phase — alkaline fluoride
solution have a complex character. The process in question may involve
stoichiometric substitution of OH~ by F~ ions but also degradation (amorp-
hization) and decomposition of the mineral with the formation of new che-
mical compounds containing fluorine (fluorosilicates and fluoroalumina-
tes). In either case the processes are accompanied by an increase in
alkalinity of the solution due to the introduction of hydroxyl groups. It
has been noticed that the reactions of ionic substitution and decomposition
of the crystal lattice (degradation) of kaolinite proceed, as a rule, simul-
taneously, their intensity depending evidently on the reaction conditions.

It will be readily noticed that the prime factor affecting the mechanism
of kaolinite fluorination is the concentration of fluoride solutions. When
analysing (by infrared spectroscopy) the influence of the concentration of
ammonium fluoride solutions (0.5, 1.0, 1.5, 2.0 and 3.0 n) on the fluorina-
tion process, it has been found that at low concentrations (up to 1.0 n)
stoichiometric substitution of OH~ by F- ions prevails. This reaction in-
volves a decrease in the intensity of kaolinite absorption bands that corre-
spond to hydroxyl groups. The other bands remain unchanged. During
fluorination at low concentrations, only a trace amount of Al** ions are
leached from the octahedral sheet of kaolinite. Fluorination at higher
concentrations of fluoride solutions (above 1 n) results in degradation and
then decomposition of the structure of kaolinite.

The two types of kaolinite fluorination reactions may be expressed in
simplified form as follows:

— ionic substitution:
AL[(OH)s | $1404] + xNH,F — AL[(OH;_.Fy) | SisOy] + *NH,OH
— degradation of the structure (decomposition):
Al[(OH); | Si404] + nNHF — AL[(OH,F), | Si4010] + 2(NH,);[AlF¢] +

mNH4O

The rise of ammonium cryolite (NH,);AlFs is due to leaching of alu-
minium from the octahedral sheets, which seem to react more readily with
F- ions than the silicon-oxygen tetrahedral sheets. The reaction begins
presumably with the replacement of OH~ groups by fluorine followed by
substitution of 02~ ions, which involves the breaking of Al-O-Si oxygen
bridges. The aluminium ion that has passed to the solution appears as the
complex ion [AlF¢]*~, which combines to form the relatively sparingly

~ soluble ammonium cryolite.

X-ray investigations (a comparison of the intensity ratios Ipsi/Ig, and
Iyo1/1930) make it possible to determine how far advanced the degradation
processes are. It has been found that degradation of the structure of kaoli-
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nite in fluoride solutions concerns primarily the surface zones of grains,
the concentration of defects due to fluorination decreasing in the deeper
zones. Basing on the variations in the Igs/Ipg, ratio with time (Fig. 2), the

. present authors assume that, as a result of further fluorination, the ini-

tially degraded (amorphized) surface zone of grains is dissolved, thus ren-
dering accessible the underlying layers. The process of dissolution (etching)
of some areas on the surfaces of kaolinite grains has been investigated and
confirmed by electron microscope studies using the replica technique.

It is assumed on the basis of infrared spectroscopic analyses that in the
degraded fragments of the structure of kaolinite there rise electrodonor
centres (due to the breaking of the Si-O-Al oxygen bridges), capable of

binding NH,; ions with the formation of a bond of the Si-O-NH, type.

Moreover, the effect of substitution and degradation in the structure
of kaolinite on the orientation of hydroxyl groups coordinated by Al**
ions has been investigated by means of infrared spectroscopy. A change
in the spatial orientation of the OH~ dipoles, i.e. their deflection in the
direction almost perpendicular to the surface of kaolinite flakes, has been
noted.
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J.FIJAE, M. TOKARZ

Z BADAN NAD FLUOROPOCHODNYMI
MINERALOW KRZEMIANOWYCH O STRUKTURZE PAKIETOWEJ
I. NIEKTORE ASPEKTY ODDZIALYWANIA KAOLINITU
Z ROZTWORAMI FLUORKOW

Streszczenie

Okreslano,charakter przeobrazen strukturalnych kaolinitu pod wply-
wem roztwqrow fluorku amonowego. Szczegbdlng uwage zwrocono na prze-
bieg procesow degradacji jakim ulega sie¢ krystaliczna tego mineratu oraz
na okreslenie krystalochemicznej natury powstajacych produktéw reakeji
Stosowanp metody rentgenowskie, spektroskopowe w podczerwieni i elek;
tronograficzne. Stwierdzono wplyw stezen roztworow fluorku na mecha-
nizm procesu fluorowania kaolinitu. Przy wyzszych stezeniach (powyzej
1n) obok.procesu substytucji grup OH- przez jony F—, przebiegaja gltow-
nie reakg]e degyadacji struktury mineralu prowadzace do strefowego roz-
puszczania sig ziarn kaolinitu. Zaproponowano metodyke okreslania stop-
nia degradacji powierzchniowych stref agregatow krystalitow kaolinitu
poprzez pomiar stosunku intensywnosci refleksow 001 i 002.

OBJASNIENIA FIGUR

—

Fig. Dyfraktogramy rentgenowskie

z;o—t wyjSciowa prébka kaolinitu (z Jeglowej), b, e — probki kaolinitu fluorowane 1,5 n
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a kaolinitu fluorowana przez okres 3 iesi i T R
<6 miesigecy 1,5n roztworem NH,F w temperaturze
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a — probka wyjsciowa kaolinitu (z Jeglowej — wi
J)Ebssie idma probek fluorowan
v chisl
.oztwor'er'n NH,F w temperaturze 50°C w czasie odpowiednio 1, 3, 5 i 15 godz fy— "5 e
ka kaolinitu fluorowana przez okres 3 godz. 3 n roztworem NH,F i . S
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Fig. 4. Por6wnanie przebiegu pasm absorpcji ¢
e R o pcji grup hydroksylowych prébek natural-
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Fig.

;zi —‘naturalnego (preparat zorientowany pod katem 0°), b — naturalnego (preparat zo
dei of\luany pod kgtem 45°), c 7 fluorowanego (preparat zorientowanybpod katem 0°)_
uorowanego (preparat zorientowany pod katem 45°), e — naturalnego (preparat’

nieorientowany), f — fluorowanego (preparat nieorientowany)

OBJASNIENIA FOTOGRAFII

Fot. 1. 82;?25.1%1?;(&;“2/%'Ok(}[e)ksagonalnej blaszki kaolinitu z Jeglowej przed fluoro-
Fot. 2. ggg%;;ili(;rg'nggx. iol{))ig(r)%r(s)talicznych agregatow kaolinitu z Jeglowej przed
Fot. 3 ?obzrtz\a‘forezlzlgg);‘o.“é%“?g;eglgtsloOkaolinitu po 5-godzinnym fluorowaniu w 1,5n
Fot. 4. tovs);?:mell\elll?:bg.nPO;sz. k;éalsgglgokaolinitu po 5-godzinnym fluorowaniu 1,5n roz-
70

Fot. 5. Obraz elektronowy monokrystalicznej blaszki kaolinitu po 15-godzinnym flu-
orowaniu w 1,5 n roztworze NHF. Pow. X 17 500

Fot. 6. Elektronogram pojedynczej wytrawionej blaszki kaolinitu (widocznej jako
precik) po 15-godzinnym fluorowaniu w 1,5 n roztworze NH,F. Pow. X 20000

Fot. 7. Replika agregatow naturalnego kaolinitu z Jeglowej o réwnolegtym typie
zrostow. Pow. X 12 000

Fot. 8. Obraz elektronowy (wykonany technikg replik) agregatow kaolinitu fluoro-
wanych przez 8 godzin w 2 n roztworze NH,F. Pow. X 16 000

Eocu DHSJ, Mapex TOKAK

WCCIAENOBAHUE ®TOPMPOKU3BOAHDIX CUJIUKATHDIX
MHUHEPAJIOB C MTAKETOYHOM CTPYKTYPOM
I. HEKOTOPBIE ACIEKTbI B3AMMOJLEMCTBUS KAOJIMHUTA
C PACTBOPAMH ®TOPUI0B

Pesowme

UccsepoBajcs xapakrep CTPYKTYPHBIX M3MeHeHH# KaoJMHUTa MO BJHUS-
HEeM pacTBOpoB (TopHAa AMMOHMIL. JleTa bHO aHAJM3HPOBAJCS MpoLece
paspyLIeHH s KPHCTAJIINUECKOH PELIeTKH STOro MHuHepaila J HCCJIe10Baiach
KpUCTa/JIOXHMUUEeCKas MPHPOLa 06pa3yolHXCsl MPOJYKTOB peaKIHH. ITpume-
HaIMCh peHTreHoBekHe, MK-crneKTpoCKOMUUECKHE I 5JeKTpOHOTpapuIecKue
MeTolpl ananu3a. KoHCTaTHPOBAHO, UTO KOHUEHTpALHA (TOPHUCTHIX PACTBO-
pOB BJIMsI€T Ha MeXaHH3M nporecca droprpoBaHHs KaOIWHHTA. I1pu BBHICO-
KHX KOHLEHTpalusix (Bbimie 1 n), KpoMe 3aMEHEI rpynn OH~ nonamu F~ mpo-
HCXOLSIT B OCHOBHOM peaKIuH paspylleHus CTPYKTYpLI MuHepaJa, BbI3bIBa-
jOl[He 30HAJIbHOe PACTBOPEHHe YACTHUIL KaOIHHHTA. [Ipejnaraercs MeTOLHKA
ompeslesieHisi CTEMeHH paspyuleHHs NMOBEPXHOCTHBIX 30H KPHCTaJ/IHTOBDIX
arperaToB KaoJMHWTA IyTeM 3aMepa OTHOLICHHST HHTEHCHBHOCTH pedeKcos

001 n 002.

OBBSICHEHUS K ®UTYPAM

®ur. 1. PentrenoBckie AHppakTorpaMmbl

5 o z 5
@ — uCXOAHBIT 0Bpa3el KaoJIHHHTA H3 sanexu ErsoBa, b—e — obpasell KAOJHHHTA Tocae beO_
pHPOBAHHS 1,5n pacTBOPOM NH4F B TeMmeparype 50°, B TEUYEHHE (COOTBETCBEHHO) ) s D)
u 15 uacos, f — oOpasew KAOJHHUTA nocse dropuposanns 1,51 pactsopom NH,F B Temnepa-

TYype 90°C B TeyeHHe 3 MeCALEB
®ur. 2. MaMenenns OTHOMIEHHI MHTEHCHBHOCTH DedIeKcoB 001/0
0B B 3aBHCHMOCTH OT BpPEMEHH

02 ¢ropHpOBaHHBIX o6pas-

Gur. 3. MK-cnexTpbl NOrJIOMEHHA :
{0 e HCX(),'UlhIﬁ OGPHIKCLL Kao.IHHHTA H3 3aJIeXKH EraoBa, b—e — obpasel KAaOJHHHTA nocJe .ETO—
acrBopom NHF B TeMneparype 50°C B TeueHHE (COOTBETCTBEHHO) | [EAdt 1 SI0)

pupoanus 1,50 p

- 2 £
u 15 uacoe, f — oOpasewu KaoJHHHTA MocyIe (propHpOBaHHS 3n pacTBOPOM NH,FF B TeueHHE

3 yacor

®ur. 4. ConocrasJjenne Ji

BAHHDIX O6p213LLOB KaOJHHHUTA
ar opncxmxpouzmnmﬁ 1moj yriaom 02— ecTecTBeHHOro (mpenapar

¢ — (HTopHPOBAHHOTO (npernapat opueuTupOBaHHblﬂ nox
It MO YIJIOM 45°), f — ecTecTBeH-
(mpenapar ueopuellTHpoaaHHbm)

HHUH MOTJIOIIEHH l'll,'.l])OK(‘HJIbeIX rpyni eCTeCTBEHHBIX H ¢)T0])Hp0-

a — eCcTeCTBEHHOro (npenap
()pncu'rnpommnbm nojx YyrJom 45°),
yraom 0°), d — (hTOpPHPOBAHHOTO (npenapart OpHEeHTHPOBAHH
Horo (mpenapar ucopucu‘ruposauumh), = ¢TopupOBAHHOrO
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OBbSICHEHHUS K ®OTOCHUMKAM

. DJIeKPTOHHBI BIIL reKCArOHAJbHOH UEHYHKH KaoOJMHHTa H3 3aVIexXKH ErsioBa, 1o

¢ropupoBaHis. YBel. X 23 000

5 3.'1(“\'TDOH]EI>H"I BH/L I]O.’]III\'PHCT{I.'I.']H‘lGCKlIX arperaTtoBn KaoJHHHTA M3 3ajexXH Erao-

a, 10 (ropupoBanns. Ysead. X 32 000

. SeKTPOHHbIT BILL arperara KaoJlHHTa NOCIe 5 wacoa (ropupoBanus 1,5n pacrso-

pom NH.F. ¥Vsea. X 15000

. D/IeKTPOHHBIH BII/L UELIYEK KAOJIHHHTA MOCAE 5 uacoB (ropupoBaHus 1,5n pacrso-

pom NH,F. ¥sea. X 10000

. DJEKTPOHHBIH BHI MOHOKPHCTAJJIHYECKOI UelYHKH KaoanuuTa nocmae 15 uacoB dro-

puposatna 1,5n pactsopom NH,F. YBea. X 17 500

. DJIEKTPOHOTPAMMa OT/CJbHOII, BBHITPABJCHHON UemYHKH KaOJHHHTA (ma wm3obGpaxe-

WHI B BHje lIecTHKa) mocse 15 yacoB (GpTOpHPOBAHUS 1,5 n pacrBopom NH,F. YBeiL.
X 20 000
X 2

7. Penauka arperaTtoB NpuUpoAHOro KaoJIMHHTA M3 3aJjexn ErsoBa, ¢ nap ajjieJIbHbIA

TunoM cpacranuit. ¥Ysear. X 12000

. DJIeKTPOHHBIH BHJ (mosTyueHHBIH Crnoco6oM PEIuINK) arperatoB KaOJHHHTA, dropu-

poBaHHbIX 8 uyacoB B 2n pacTBOpe NH,F. ¥sea. X 16000

.
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Phot. 1. Electron micrograph of a hexagonal kaolinite flake from Jeglowa before
fluorination. Magn. X 23.000

Phot. 2. Electron micrograph of polycrystalline kaolinite aggregates from Jeglowa
before fluorination. Magn. X 32.000

Jerzy FIJAL, Marek TOKARZ — Studies on the fluoroderivatives of silicate minerals

with layered structure
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PLATE III

Phot. 3. Electron mic gra h kaolinite a egate a r 5-hou uorination h Ph Electron mic raph a ngle ka nite ake afte 5-ho na
1Cro : 5pn Ii])If_I = S(l)llulttion gMg,I;ggn tx lfslgoo = r fluorinatio wit t. £. Electro i rograp of si gl olinite fl fter 1 fl i ti
: : ; V ; (0} S - ur u I
with 1.5 n NH4I‘ solution. Magn. X 17.000 % i

Phot. 4. Electron microgra ini : T
iph of kaolinite flakes after 5-hour fluorinati i
3 5 5 3 tion with 1.5 n
NH,F solution. Magn. X 10.000 daatne .
Phot. 6. Electron micrograph of a sing
15-hour fluorination with 1.5n NHF

le etched kaolinite flake (visible as a rod) after
solution. Magn. X 20.000
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PLATE 1V
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