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Abstract A correlation was studied between the structure and morphological
features of montmorillonite fluoroderivatives and their surface, specifically acid and
catalytic, properties. The crystallochemical function of fluorine in the crystal lattice
of silicates and its effect on their physico-chemical properties were determined. Fluo-
rine enhances particularly the acid properties of silicates. Its presence causes distur-
bances in the crystal field round Si—OH groups, leading to weakening of the bond
energy of protons, which facilitates their displacement at elevated temperatures.
Consequently, the samples show high activity in the reaction of cumene cracking. It
seems most probable that fluorine present in the structure of the acid form of
montmorillonite lowers the energy barrier for thermal motion of protons. Due {0
this, the samples acquire high surface (catalytic) activity at considerably lower tem-
peratures compared with untreated samples.

INTRODUCTION

The surface properties of silicates can be significantly modified by
fluorine ions introduced into their crystal lattice. It is one of the methods
of modifying the acid, catalytic and sorption properties of silicates. Some-
times fluorination is effected by treating silicates with fluoride solutions.
This way of activation was used, e.g. for porous silicate glasses (Chapman,
Hair 1963, 1965; Elmer et al. 1963; Cant, Little 1968), silica gels (Sidorov,
Nejmark 1964), aluminosilicate gels (Peri 1968) and layer silicates of the
kaolinite and montmorillonite groups (Fijat, Tokarz 1975; Fijat et al. 1976;
Briickman, Fijat et al. 1976).

* Institute of Geology and Mineral Deposits, Academy of Mining and Metallurgy,
Cracow (Krako6w, al. Mickiewicza 30).
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This paper aimed to establish a correlation between the structural fea-
tures of montmorillonite fluoroderivatives and their surface properties,
specifically their surface acidity and catalytic activity. Special emphasis
was laid on the crystallochemical function of fluorine in the silicates
studied.

EXPERIMENTAL

Samples of varying degrees of fluorination were obtained by activation
NH,F solutions of an almost monomineral montmorillonite sample separa-
ted by sedimentation from bentonite from the Chmielnik deposit. The
way of obtaining the fluoroderivatives was discussed in an earlier publi-
cation (Fijat et al. 1976), which also established the nature of structural
changes occurring in montmorillonite during fluorination and determined
the changes in sorption properties induced by that reaction. The content
of fluorine in fluorinated samples, the nature of the secondary fluorides
formed during activation of montmorillonite, as well as the degree of de-
gradation of its structure were defined using X-ray diffractometry, IR
spectroscopy and electron microscopy.

The paper aimed to determine the content of acid protons on the sur-
face of some montmorillonite fluoroderivatives and to define the catalytic
properties of the latter using a test of cumene cracking *. Prior to investi-

gations, all the samples, the untreated sample M-0 included, were subjec-
ted to calcination at 450°C for 2 h.

The content of surface protons in Si-OH groups was determined by two
methods: 1 — from the amount of Mn2+ substituting for protons, and 2 —
by measuring (from IR spectra) the amount of pyridine molecules sorbed

was 350°C.

RESULTS

The results of investigations of some physico-
?he untreated sample M-0 and fluorinated samples M-1—M-7 are presented
in Tables 1 and 2. In their interpretation the results of former sorption

et al. 1976). The activation

chemical properties of

* The catalytic test was made in the R
Surface Chemistry of the Polish
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Table 1
Physico-chemical properties of montmorillonite fluoroderivatives
Amount of surface
Sorface area, Fluorine content, Si-OH groups,
Sample number /g hel & gyt
M-0 127.0 0.00 li.;iz
M-1 132.22 12.2 5.65
M-3 156.5 15.6 4.91
M-4 162.7 17.0 i
M-7 54.20 44.6 A
Table 2

Results of cumene cracking reaction

Selectivity to
Sam- Activity, Selectivity to benzene, i Styreds:
ple, A % %
.4 ‘ | 10015
sl i ol 0 A 0 R L P A R P B L ! R s .
‘ | ‘ 1T
‘ 7 asbod a2 |cifal | of 2] fre 1
- 16.36 | 13.96 | 6.75 | n.d nd | 1 ‘ : -
%3 922 99.3 | 99.2 | 98.2| 85.68 65.01 | 77.30\i 80.62i g.g . gg gg | o
] ' : 5| 65.87 ! | o
M-3 | 991 | 99.1 | 98.0 | 99.1| 67.67| 77.30| 601 ok TRl

= . . : 17. l T ‘ 6.6 0.50 | 12 36 | 10.78

* Amount of following cumene pulses.

i 1 layers. Fluorine atoms,
i f protons to the octahedra ! . :
an;itlthflisrgéﬁigggdihlg)ugh the defect lattice of montmoirrlll;i)r;l;cséscc:)rflc;le
tp;:ltey edominantly in the most intepsely degraded mfar%tivation St
. repgtes (Fijat et al. 1976). Depending on the way 0l lattice s 1montmo—
3agrg1 n%t only substitute for OH groups.tm tl;:hfggs;ioc :SS i
illonite but also occupy the oxygen sites,
glilsru tion of Si-O-Si and Si-O-Al oxygen bridges. Vo s
As activation is prolonged, the fluorine content in D e
sed from 12.2 to 17.0% (samples M-1 to M-4). If the cox;l i e
elu’cion is high (3N), fluorination leads 'soon to a :jab ythe e
fi%wn of the structure of mon'crrllorillo.ril.te,t ;s,ttearrllc(li flu}éroaluminates {the
1i hases, fluorosilica 0 min: e
secc;nd? rgf f(l:zf‘gilelinne sapmple M-7 is 44.6 wt. %). X-ray mrﬁﬁzég?rgggcsiucing
Cﬁn i that mild activation with fluorine comp.oun(.its p:n rbain e
Sb?)wgl3 wt. % of F into the structure montmorilloni eFurther s ey
? 3 ondai'v phases detectable by X-ray methodsé e, e
5 lsjfs in both the degradation of the structure oh ;Isles
Zlelz systematic increase in the amount qf secondarly P e ; il 158
A}; P ey i liStig nklx'g’;r};a;ltezvheﬂhey, have a F content
i ivi les is the hi
C?tzlﬁgzceicg 1;(); %fe:hfefxin(ll}?’l-% — 15.6%, M-4 — 17.0%). Moreover, those
() (
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samples show the highest surface area values determined from argon and
n-hexane sorption (Fijal et al. 1976). When the fluorine content in a sample
is higher (M-7), this element is mainly fixed in the form of secondary
fluorides. In that case, the catalytic activity of the sample, as well as its
sorption capacity, decreases markedly (Table 2) due to the reduced percen-
tage of the active substance, i.e. the acid form of fluorinated montmorillo-
nite.
The above results indicate that the presence of fluorine in the products
of montmorillonite fluorination alone is not a sufficient test of their high
surface activity because the secondary phases resulting from the decom-
position of montmorillonite possess no significant sorption or catalytic
properties. The above statements are consistent with the inferences made
by Chapman and Hair (1963) and Elmer et al. (1963), who studied fluori-
nated porous silicate glasses.

The catalytic reaction of cumene dealkylation (Table 2) requires the

participation of strong proton and nonproton acid centres. It can be there-
fore treated, on one hand, as a reaction yielding data on the catalytic
activity of the samples and, on the other, as a test for the acid properties
of catalysts (Covini et al. 1967; Briickman et al. 1976). The kind and
amount of products of cumene decomposition differ markedly for respec-
tive samples, which is an essential source of information on the nature of
their surface centres. Samples exhibiting the highest catalytic activity
(M-1, M-3, M-4) yield mainly benzene and propylene and only a small
amount of ethylbenzene and trace amounts of toluene as the reaction
produc_ts. Such products evidence that the reaction proceeds with the
fonngahon of carbonium ions (Covini et ql. 1967; Antipina 1975), which
requires thg presence of strong Bronsted and Lewis acid centres. The
highly fluorinated sample M-7 shows a considerably lower conversion of
cumene and reduced selectivity towards benzene. ¢ — methylstyrene forms
in large amounts. Its presence in the reaction products is a result of cu-
mene dehydrogenation, which requires centres of a different nature, capa-
ble of forming free radicals (Brickman et al. 1976). The influence of the
surface of the catalysts studied on polymerization of a — methylstyrene
malt{y cause a rapid drop in the activity of samples due to the formation of
coke.

The increase of general acidity of montmorillonite fluoroderivatives
was prooved by the investigation of chinoline sorption carried out at
350°C. The results of these investigations will be presented in a separate
paper.

DISCUSSION

. The surface activity of montmorillonite fluoroderivatives i i

in the hghﬁ of the specific structural, morphological and surfaclz ;:or)frzi(si
of that mineral. The method of activation used in the present investiga-
tions gives rise to aggregates consisting of strongly defect crystallites and
giomams of montmorillonite with a rigid structure, incapable of swellin
in water. This is a result of collapsing of the layer structure due to 1:hg
th'ermatl decomposition of NH} ions on the exchange positions and the
migration of protons to the octahedral layers. The fluorine ato: 5
disseminated through the defect structure of montmorillonite cgll'xséeﬁigg
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predominantly in the most intensely degraded marginal zones of the aggre-
gates (Fijat et al. 1976). Under certain conditions of activation, fluorine
not only substitutes for OH groups but also occupies the oxygen sites,
disrupting Si-O-Si and S-O-Al oxygen bridges.

The fact that the montmorillonite fluoroderivatives in question display
a high activity in cumene cracking testifies to the presence of strong pro-
ton and nonproton acid centres on the surface of fluorinated samples.
Bronsted acidity is due, e.g. to the presence of Si-OH groups and H;O?
ions which are proton donors. Only a small part of those groups, located
on the surface of crystalline aggregates (Table 1), may participate at room
temperature in the reaction with organic molecules, while the bulk of
silanol groups and hydronium ions arising due to migration of protons into
the layers are inaccessible to those molecules. The number of protons
migrating into the layers corresponds to the exchange capacity of samples

(the amount of NH; ions on the exchange position), which, in turn,
depends on the degree of fluorination. The exchange capacity of samples
M-0 to M-4, measured before thermal activation, varies from about
120 mval/100 g to about 50 mval/100 g.

The amount of surface silanol groups was determined from the reaction
with pyridine sorbed at room temperature (i.e. from the number of pyridi-
num ions formed), as well as from the exchange of protons available
in the surface zone for Mn2+* ions (Table 1, column 3). The data obtained
do not correspond to the catalytic activity of samples (Table 2, column I).
It appears that the amount of Si-OH groups in fluorinated montmorillonite
samples is relatively small, decreasing slightly as fluorination is prolonged;
it is even smaller than in the untreated sample M-0. Yet, fluorinated
samples (M-1 to M-4) show a high, stable catalytic activity, reflected in
the amount of cumene conversion (about 99%) during a series of 15 pulses.
It is several times higher than the activity of sample M-0. This proves
unequivocally the crystallochemical activity of fluorine in the lattice of
silicates, specifically its effects on their acid properties. Basing on the
results obtained, it can be assumed that in the range of low temperatures
the protons of the silanol groups and hydronium ions located inside the
crystallites fail to show sorption or catalytic interaction with molecules of
organic bases used in test reactions. There are several reasons fqr the lack
of reactivity of those groups, e.g. steric reasons, inability of calcinated and
fluorinated samples to swell, or limited mobility of the constituent protons
at low temperatures at which test reactions of that type are .carrled'on.
Only when temperature is raised up to about 300°C and sufficient activa-
tion energy is supplied to protons, which become fairly mobile .under those
conditions, the samples acquire strong acid properties. The F~ ions present
in the structure of silicates cause disturbances in the crystal field round
Si-OH groups, leading to attenuation of the bonding energy of p;'otons
and thus promoting their displacement. It follows, thereforg, thgt in the
course of cracking the crystal lattice of fluorinated montmorillonite beco-
mes a sort of conductor for protons performing thermal motion (jumps)
towards oxygen or fluorine atoms having an excess negative charge at
that moment. That state permits the intracrystalline acid protons to parti-
cipate in catalytic reactions proceeding at elevated temperatures. The
evidence of the active role of fluorine in the crystal lattice of §amples is
provided by sample M-0, which fails to exhibit high activity in cumene

65

5 — Mineralogia Polonica



cfacking (350°C) despite high total acidity and a similar degree of crystal-
line defectiveness as in fluorinated samples. In the light of theory adopted
here, the low activity of sample M-0 is to be accounted for by too small
a mobility of its acid protons at 350°C, which is an optimum temperature
for fluorinated catalysts. It can be expected that an elevated temperature
of the test reaction with cumene, affecting the mobility of the intracry-
stalline protons, would cause an increase in both the surface acidity and
the activity of the sample in dealkylation reaction.

The theory adopted to explain the active role of fluorine in the struc-
ture of surface-reactive silicates is consistent with the results of earlier
studies of Fripiat (1971) and Chapman and Hair (1963). Basing on NMR
spectra, Fripiat (1971) explained the phenomenon of proton displacement
occurring in aluminosilicates with acid properties at elevated temperatu-
res. Chapman and Hair (1963) suggested that the enhancement of acid
properties noted in fluorinated samples of porous silicate glasses is due to
polarization of O-H bonds in silanol groups under the influence of neigh-
bouring F atoms. These authors assumed that the electronegativity of
fluorine caused displacement of electrons in the nearest-neighbour atoms,
which could result in attenuation of the bonding strength of protons. Ob-
jections to this theory were raised by Cant and Little (1968), who pointed
out that the absorption bands of free O-H groups in the infrared spectra
of fluorinated silicate glass failed to be displaced. Yet, as appears from
our investigations (Fijal, Tokarz 1975), infrared spectra of some fluorina-
ted silicates, e.g. kaolinite, reveal a change in orientation of O-H groups
in the structure of that mineral, which does not induce any changes in
the length of O-H bonds. Moreover, the spectra of acid forms of fluorina-
ted montmorillonites recorded at high temperatures (up to 500°C) have
shown that the absorption bands produced by Si-OH vibrations become
more diffuse above 300°C than the bands attributed to these groups in
the spectrum of untreated H-montmorillonite.

It is possible to find other sources of surface proton acidity of mont-
morillonite, e.g. strongly dissociated H,0 molecules coordinated by Lewis
centres. The evidence for that statement is provided by a catalytic test
with cumene carried out on fluorinated montmorillonite in which acid
protons were replaced by potassium ions, as well as on montmorillonite
fluorinated with KF solution (Briickman et al. 1976). It has been found
that thg samples show some catalytic activity which disappears when
successive does of cumene are supplied. Seeing that potassium ions fail
to bg hydrated and knowing, on the other hand, that cumene cracking
requires the participation of protons to yield benzene and propylene, H,O
molecules coordinated by Lewis centres have been assumed to be the ysour—
ce of protons. It is feasible that fluorination contributes to an increase in
the amount and strength of those centres as well (Cant, Little 1968). The
studies of Granquist and Kennedy (1967) have revealed that high-tempe-
rature (about 500°C) sorption of H,0 molecules on synthetic fluorinated
mixed-layer montmorillonite/micas increases in relation to untreated
forms. According to these authors, the greater strength bonds between H,0O
moleculgs and the fluorinated surface accounts for that phenomenon 2It
1s conceivable however that fluorinated minerals exhibit a higher stren;gth
of Lewis centres, which enhances their reactivity with H,0O molecules

The surface activity of montmorillonite fluoroderivatives, specifically
their acidity and catalytic properties, are not a simple function of the
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content of fluorine in the sample. It has been found that highly active
catalysts of cracking must show appropriate proportions between the total
amount of acid centres and the content of fluorine in the crystal lattice.
A catalyst is said to possess optimum catalytic properties when it has
a largest possible number of acid protons while the fluorine content is
such as not to reduce excessively the number of exchange positions nor
to give rise to excessive amounts of secondary fluorides. On the other
hand, fluorine would cause certain disturbances in the structure, breaking
the continuity of the crystal lattice and leading to its distortion.

The differences in the surface properties of montmorillonite fluorode-
rivatives are primarily due to the lowering of the energy barrier for ther-
mal motion of protons. For that reason, the fluoroderivatives become sur-
face-active at considerably lower temperatures than non-fluorinated sam-
ples. This would account for the apparent lack of correlation between the
low content of surface silanol groups and the high catalytic activity of
those samples (Tables 1 and 2). It is, therefore, imperative to select appro-
priate methods of determining surface acidity, depending on the working
conditions of the catalyst.
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Jerzy FIJAL

WPLYW OBECNOSCI FLUORU W SIECI KRYSTALICZNEJ
MONTMORILLONITU NA JEGO WEASNOSCI
POWIERZCHNIOWE

Streszczenie

Badano korelacje miedzy strukturalnymi i morfologicznymi cechami
fluoropochodnych montmorillonitu a ich wlasno$ciami powierzchniowy-
mi (kwasowymi i katalitycznymi). Zwrécono uwage na krystalochemiczng
funkcje fluoru w sieci krystalicznej badanych krzemianéw i jego wplyw
na niektére ich wlasno$ci fizykochemiczne, a w szczegoélnosci witasno$ci
powierzchniowe. Wskdzano na niewatpliwy wplyw tego pierwiastka na
krystaliczne pole sit wokol grup Si-OH, co prowadzi do ostabienia energii
wigzania protonow, utatwiajac ich delokalizacje w podwyzszonych tempe-
raturach. Stad wysoka aktywno$¢ probek w reakcjach krakingu kumenu.
Wydaje sie, iz rozproszony w strukturze kwasowych form montmorillonitu
fluor wptywa na obnizenie bariery energetycznej dla termicznych ruchéw
protonoéw, co pozwala na osiggniecie wysokiej aktywno$ci powierzchnio-
wej (katalitycznej) przy znacznie nizszych temperaturach w stosunku do
probek niefluorowanych.

Eocu ®HAJ

BJIHWSHUE MPUCYTCTBUSA ®TOPA B KPUCTAJJIUYECKOM
PELLETKE MOHTMOPHJIJIOHUTA HA EF'O MNOBEPXHOCTHBIE
CBOUCTBA

Peswome

Msyyanacek cBSI3b MeXKAY CTPYKTYPHBIMH H MODP(OJIOrHYECKUMH CBOHCTBA-
MH GTOPONPOHU3BOAHBIX MOHTMOPHJIJIOHHTA H HX TIOBEPXHOCTHBIMH CBOACTBAMHU
(KHCJIOTHBIMH M KaTaJuTHYeCKHMH) . Bbio o6palueHo sHuManue na KpHCTaJ-
JIOXMMHUECKHEe QYHKUMH (TOPA B KPHCTAUIHYECKON pelleTKe H3yyaeMblX CH-
/IMKATOB M Ha €ro BJHsHHE HA HEKOTOPble HX (H3HKOXHMHYECKHEe CBOHCTBA,
a 0C0GEHHO Ha NOBEPXHOCTHBIE CBOMCTBA. BBUIO YKa3aHo HeCOMHEHHOE BJIH.
AHEE STOrO 5JEMEHTA HA KPHCTAaJIMYeCKOE CHJIOBOE Mojie BOKPYD TPy
Si-OH, 4To BeAET K 0c/1abJ/IeHHIO SHEPTHIT CBA3H MEX/ly NPOTOHaMH, obJieryas
X NEPEMEILEHHs] B MOBBILIEHHBIX TeMnepaTypax. M3 31oro BeITeKaeT BLICOKAS
AKTHBHOCTb 00pPAslloB BO BPEeMs PeakKUHH KPeKUHT KymoJia. Kaxercs, uro
PACCESHHDIH B CTPYKTYPE KHCJIOTHBIX (POPM MOHTMOPHIIOHUTA ¢rop BaMsET
Ha OOHHMIKEHHE 3HEPreTHYECKOro Oapbepa JIIsi TeDMHUECKHX ABHIKEHHH 1po-
TOHOB. 3TO MO3BOJISIET JOCTHTHYTh BBICOKOH TIOBEPXHOCTHOH (KaTaJuTHYe-
CKOJ1) aKTHBHOCTH NPH 3HAUHTENBHO 0GHHIKEHHBIX TeMIlepaTypax o cpaBHe-
HHIO ¢ 06pasuamy, KOTopbie He MOABEPraJHCh BO3eHCTBHIO ¢dropa.
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SOME REMARKS ON THE MORPHOLOGY OF SEPIOLITE
AND PALYGORSKITE FROM RUDNO

UKD 549.623.8:548.2:552.323.5(438.31 Rudno)

Abstract. Electron micrographs were taken of sepiolite and palygorskite coe-
xisting in fissures of the melaphyre from Rudno, It has been found that, despite
similar structure and genesis, these minerals differ markedly in the morphology of
crystallites. Electron micrographs have revealed that sepiolite has a lamellar, platy
and lath-like form whereas palygorskite exhibits a fibrous, hair-like structure.

INTRODUCTION

Sepiolite and palygorskite belong to layer magnesium silicates with a rib-
boned structure. The details of their structure became better known due
to the use of electron microscopy (Vivaldi, Robertson 1971; Serna et al.
1974). The principal structural elements of both sepiolite and palygorskite
are ribbons made up of silicon-oxygen chains. A ribbon of sepiolite consist
of three and that of palygorskite of two Si-O chains. The tetrahedrons of
the Si-O layer in sepiolite are linked by Mg2?* cations which are surroun-
ded by oxygens of the free tetrahedra corners and by OH groups. They
form the octahedral layer which, together with two tetrahedral layers, ma-
kes up a talc like sheet. The structure of sepiolite is generally shown as
a rectangle consisting of five elements arranged in such a way that four
of them occupy the corners and the fifth the centre of the rectangle (Elg.
1). Free oxygen cornes of the tetrahedral layer in the neighbouring rib-
bons have opposite directions. Between the ribbons there are empty chan-
nels filled with molecules of zeolitic water. The unit cell parameters deter-

* Academy of Mining and Metallurgy, Institute of Geology and Mineral Deposits,
A. Mickiewicza 30, Krakow. ;
** Silesian University, Institute of Geology, Sosnowiec.
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Fig. 1. Scheme of linkage of ribbons in structure of sepiolite and palygorskite (Vival-
di, Robertson 1971)
1 — octahedral layers, 2 — tetrahedral layers

mined by Zwiagin et al. (1963) are: a, = 13.4 A, b, = 27.2 A, ¢, = 5.24 A.
Palygorskite has a ditrioctahedral structure. The tetrahedral layers are
linked by Mg2?+ and Al** cations which, together with the surrounding
oxygens and OH groups, form the octahedral layer. Due to the presence
of two Si-O chains in the ribbon of palygorskite, the parameter b, of the
unit cell is only 18.6 A (Zwiagin et al. 1963).

The structure of sepiolite and palygorskite finds its external reflection
in the morphology of crystallites, which exhibit a needle-like or fibrous
habit, conspicuous on electron micrographs. The available data seem to
imply that the coexisting sepiolite and palygorskite show in some cases
a nearly identical, and in others quite different morphology. For example,
from the data published by McLean et al. (1972) it appears that the two
minerals found in sedimentary rocks have a similar morphology, making
it impossible to distinguish them on electron micrographs. The present
authors used transmission electron microscopy to study the morphology
of sepiolite and palygorskite which formed as secondary minerals in me-
laphyres, presumably under hydrothermal conditions.

The minerals in question occur in fissures in melaphyres, forming small
lamellar or wool-like aggregates. Pure sepiolite, free from admixtures of
other minerals, appears in the form of friable snow-like platelets up to
several mm in thickness (Cichon 1977a), whereas palygorskite forms soft,
wool-like aggregates of white colour (Cichon, 1977b). Saponite is a fre-
quent admixture in the sepiolite and palygorskite aggregates; its inter-
growths with palygorskite have a frayed form showing a woodlike struc-

ture. However, samples prepared for electron microscope studies did not
contain saponite.

EXPERIMENTAL

3 Sample; for electron microscope studies were prepared using suspen-
sion technique. The copper grids were evaporated with spec-pure carbon.
Both alcohol and ammonia water solution were used as a dispersing liquid.
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No mechanical dispersing agents or ultrasounds were employed to avoid
the possible break-down of the particles or changes in their shape.
Electron micrographs were taken on a Jeol JEM-100C microscope ope-
rated at an accelerating voltage of 100 kV. It has been found that prepara-
tions obtained from the same samples but applying varying time of evapo-
ration reveal no differences in the geometry of morphological images. The
experimental procedure has been intentionally described at it is well
known that the proper interpretation of electron micrographs depends
in large measure on the way of sample preparation (Vivaldi, Robertson
1971: Beutelspacher, Van der Marel 1968; Rautureau, Tchoubar 1976)

RESULTS

Electron microscope studies have revealed slight but, in the authors’
opinion, significant differences in the crystal morphology of sepiolite and
palygorskite from Rudno. Those differences are a deviation from the fi-
brous habit of crystals, generally accepted for the two minerals.

Sepiolite crystals exhibit a lath-flaky or wool-like structure. Larger
forms are aggregates of single fine fibres, laths, flakes and plates (Phot.
1—4). It is difficult to define the size of such aggregated forms except for
the maximum length of individual fibres (5—6 um) and the breadth of
the finest, flat laths (about 0.1 um). The mode of packing of laths sets,
sheets, or bundles is absolutely random and unoriented. The ends of fine
fibres are frequently split and flattened, resembling splinters. It seems
possible that it is connected with the tendency of sepiolite crystals to fold
at elevated temperatures (Serna et al. 1975) which may arise during taking
electron micrograph. The edges of flaky aggregates are folded, curled,
sometimes overlapping (Phot. 1, 3).

Compared with sepiolite, palygorskite crystals are considerably more
elongated (Phot. 5—8). In consequence, it is easier to determine the size
of single fibres: their length varies from some to a dozen or so um and
their breadth from 500 to 200 A. It is evident that the fibres are much
thinner and more elastic, grouped in broader bands and parallel ribbons
branching off at the ends (Phot. 7). The thinnest needles are strongly bent,
assuming the shape of loops which show a striking similarity to asbestiform
palygorskite from Lemesurier Island, Alaska (Vivaldi, Robertson 1971)
(Phot. 8). The ends of fibres or needles resembling hair-like forms are at
an acute or right angle. When the fibres are crossing or overlapping, fchey
are not subject to fraying as is the case in sepiolite crystals. Sometimes
they resemble tubular forms reported by, e.g., Vivaldi and Robertson
(1971) (Phot. 6). Some fibres exhibit distinct striation, running parallel to
the longer axis of needles.

The above remarks and observations confronted with the data publi-
shed by other authors substantiate the statement that the morphology of
sepiolite and palygorskite crystals is sometimes similar, e.g. under the
conditions of formation of sedimentary rocks (McLean et al. 1972), and
sometimes markedly different, specifically when the two minerals occur
under the same hydrothermal conditions. In the latter case, palygorskite
is acicular, hair-like and needle-like whereas sepiolite exhibits a platy,
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lamellar or flat, rigid fibrous structure. Sepiolite and palygorskite show
such morphology in the melaphyre quarry at Rudno.

Owing to some interesting surface properties, sepiolite and palygorskite
are of great importance in several chemical technologies (Stoch 1974). It
seems, therefore, that every contribution increasing the knowledge of their
properties has both a cognitive and practical significance. '
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UWAGI O MORFOLOGII SEPIOLITU I PALYGORSKITU Z RUDNA

Streszczenie
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Sepiolit wykazuje budow
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w ktorych sposéb upakowania poszczegblnych listewek
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ST E T

w zespoly lub wigzki jest dowolny, bezkierunkowy. Charakterystyczne sg
formy spil$énione, skudlone i zwiniete, zwlaszcza na brzegach blaszek.

Palygorskit odznacza sie znacznie silniejszg elongacjg i elastyczno$cig
wlokien. Czeste sg struktury wloskowe i igielkowe. Igly zebrane sg czasem
w réwnolegle, rozwidlajgce sie pasma lub wstegi. Najciensze igly sg silnie
powyginane, przyjmujgc niekiedy ksztalt petli.

OBJASNIENIE FIGURY

Fig. 1. Schemat polaczenia wsteg w strukturze sepiolitu i patygorskitu (Vivaldi, Ro-
bertson 1971)

OBJASNIENIA FOTOGRAFII

Fot. 1. Krysztaly sepiolitu wykazujace budowe ptytkowo-listewkows. Pow. X 66 000

Fot. 2. Sepiolit. Wieksze skupienia blaszek i piytek o nieregularnych zarysach. Pow.

X 66 000

Sepiolit. Formy plaskich listewek skudlone na koncach i zwiniete na brzegach.

Pow. X 100 000

Fot. 4. Krysztaly sepiolitu wykazujace budowe kudetkowq. Maja tendencje do spil$-
nienia. Pow. X 32 000

Fot. 5. Palygorskit igielkowy. Krystality wykazujg znaczng dlugo$é i elastyczno$é.

Pow. X 40 000

Cienkie wydiluzone witbkna patygorskitu przypominajace formy rurkowe. Za-

konczenia wibkien sg pod ostrym lub prostym katem. Pow. X 66 000 :

Fot. 7. Palygorskit o strukturze wloskowej. Widoczne po.jedyn.cze wiokna o szeroko$ci

od 500 do 200 A, zebrane w réwnolegle, rozwidlajace sie wstegi. Pow. X 32000

Palygorskit o strukturze diugich elastycznych igiel przyjmujacych ksztalt petli.

Wyrazne podobienstwo do azbestu. Pow. X 52000
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Bap6apa KBEIIHHbCKA, I'pascura LHHXOHb

HEKOTOPBIE 3AMEYAHHSA MO NOBOAY MOP®OJIOTUH
CENUOJIMTA U MAJILITOPCKUTA U3 PYJTHA

Pesome
Bbi/iH cj1e1anbl 3IeKTPOHHOMHKPOCKOIHUECKHE CHHMKH CeMTHOMITA H maJbl-
POPCKHTA, KOTOPLIE MOSIBJSIOTCS MOGJIH30CTH JApYF OT Apyra B 1pe‘g1(1)11{3r;
veaadupa B Pyane oxono Kpakosa. OGpauleHo BHUMAHHE Ha TO, ‘l(r T
CMOTPSI Ha CTPYKTYPHOE CXOICTBO STHX MHHEPAJIOB M MOXOZHH reHesHC Bﬁ‘p”-
SITHO THAPOTEPMAJbHBbIi), OHH 3HAUHTENbHO OTIHUAIOTCH MopgoJiorueH Kp
CTaJIJIOB.
VY cemHoJiuTa MJIACTHHUATO-MJIAHOUH
HAKOMJIeHHs] KPHCTAJIHTOB, B KOTOPBIX CNOCOO YNaKOBKH
YeK B KOMIJIEKChbl MJIH CBSI3KH SIBJSIETCSl NMPOH3BOJTBLHBIM,

oe CTpoeHHe. Iaét on OObIKHOBEHHO
OJIHHOYHBIX TIJ1aHO-
HeHanpapJeHHbIM.
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¢ ) 4 V) PLATE 1
Quenb XapaKTepHCTHUHBI (heTPOBbIE, B3NOXMOUEHHBIE H CBEpHYTBIE (DOPMHBI, MINER. POL. VOL. 8 No 2 — 1977

0COOEHHO 10 KpasiM IMJIaCTHHOK. :
[Taabiropckur oTHyaercst 3HauHTENbHO GoJlee yTHHEHHOMN (opmoit u sua-
CTHYHOCTDHIO BOIOKOH. OUeHb YaCTbl 6040CaTbIC H HIOJIBUATHIE CTPYKTYPEL M ribl
OueHb 4acTo COOPAHbI B MapaJlieNIbHbIE, Pa3BETBJISIIOMIHECS [TOJOCH HJIH JIEHTHL.
CaMble TOHKHE HIVIBI OUeHDb CHJIBLHO BBIPHYTBI, HHOTAA JAayKe B (hopme metuy.

OBBSICHEHUS K OUT'YPAM

®ur. 1. CxeMa COeHHEHHS JIEHT B CTPYKTYpe CemHONHTa H najabiropckuta (Busaabau, Po-
6eprcon 1971)

OBBACHEHUS K ®OTOTPAGHSIM

®oro. 1. Kpucranas cennosnra, KOTOpble 06HAPYXKHBAIOT MJIACTHHYATO-MIaHKOBOG CTpOeHIe.
¥YBesa. X 66 000

®oro. 2. Cennoant. Bobluke CKOMIGHHS MIHTOK H TNIACTHHOK C HEMpPaBH/ILHBIM KOHTYPOM.
¥Bea. X 66 000

®oro. 3. Cenuoanr. ITrockue (OPMBI NIAHOK B3NOXMOYEHHBIX HA KOHLAX I CBEPHYTLIE 110
Kpasm. YBesa. X 100 000

Doto. 4. Kpucranns cennoanra 0GHapyXHBAIOLIHe JIOXMATOe CTpOEHHe. IOTH KpPHCTAMIBI
CKJIOHHBI K (herpoBanuio. Yeea. X 32 000

@oro. 5. Hrombuatsiii Nanbiropekut.  Kpneraanntsl  o6uapyxkuBaior 3HAYHTE/bHYIO JJIHHY
H 3J1aCTHYHOCTB. YBea. X 40 000

®oro. 6. TonkHe, yATHHEHHBlE BOJIOKHA NaNbITOPCKATA  HANOMHHAIOT TpyGuaTbie (HOpMBI.
OKOHYaHHA BOJOKOH OCTPOKOHEUHbIe HJIH MPSIMOYrosbHbe. YBea. X 66 000

®oro. 7. I1anbiropcKuT ¢ BoaoCATOI CTPYKTYPOH. BHIHBI OAHHOYHBIE BO/MOKHA LWIHPHHOH OT
500 10 200 A co6pannbie B apaJiieNbHble, pa3BeTB/SIOUHECS JeHTbl. YBea. X 32 000

®oro. 8. IMansiropckut co CTPYKTYPOH B hOpME MIHMHHBIX 3MaCTHUHBIX HroJ, KOTOpble CBEp-
HYTHl B meT/H. OYeHb OTYET/IHBOE CXOMCTBO ¢ acGecroM. ¥Ysesa. X 52 000

X 66 000

Phot. 2 lScpioliLe. Larger aggregate of plates and flakes with irregular shape. Magn.
i ; X 66 000
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Phot. 3. Sepiolite. Forms
of flat laths tangled at
the ends and folded at the
edges. Magn. X 100 000

Phot. 4. Sepiolite crystals showing a wool-like habit. They have tendency to fray.

Magn. X 32000
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Phot. 5. Acicul
X 40 000
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Phot. 6. Thin, long-fibred palygo
are at an acu

rskite resembles tubular forms. The ends of needles
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Phot. 7. Hair-like struc-
ture of palygorskite.
Width of single fibres
varies from 500 to 200 A.
They are grouped in
parallel branching off
ribbons. Magn. X 32000

Phot. 8. Palygorskite with structure of elongated flexible needles assuming the shape
of loops. Distinct similarity to asbestiform palygorskite. Magn, X 52 000
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