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The influence of grinding white sepiolites from the Magure-Golesh mine in
Southern Serbia on their structure and on the rheological characteristics of their aqueous
suspensions was investigated. Sepiolite samples of hard and soft consistency were
ground in three different types of mills: a ball mill, air-stream mill, and a colloid mill.
The effect of grinding on the sepiolite samples was investigated by SEM, XRD, IR, TG
and BET methods and by chemical analysis. Grinding generally resulted in the separa-
tion of the sepiolite fibers, and partial amorphization. In addition, grinding produced
substantial changes in the apparent viscosity and rheological characteristics of dilute
aqueous suspensions of sepiolite. It is concluded that the viscosities are especially af-
fected by the type of grinding employed.
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INTRODUCTION

The effects of grinding on the physicochemical properties of many clay minerals,
for example kaolinite, -2 montmorillonite3 and chrysotile,* have been investigated. The
influence of grinding on the properties of sepiolite has only been partially investigated.
Research on the structural alterations of sepiolite upon grinding involved only the pro-
cess of dry grinding in a ball mill.>

Investigations of the structural changes occurring during the grinding of sepiolite
from the Golesh mine, in Serbia,® heve been commenced. Since sepiolite is a
phyllosilicate of fibrous morphology” with an anisotropic structure, different methods
of grinding may produce various structural changes (thinning of the fibers, distortion of
the parallel units, or disruption of the structure). Also, since sepiolite is strongly hydro-
philic, the grinding media may produce substantial differences in the quality of the
products obtained by dry or wet grinding processes. For this reason, three mill types
(ball mill, air-stream mill, and colloid mill) were employed. In the study of the structural
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alterations of sepiolite, the effects of grinding were investigated in terms of its influence
on the structure, morphology, and thermal characteristics, as well as on the changes of
the specific surface area. The XRD, SEM, TG-DTA, and BET methods, as well as
chemical analysis were used.

Since it is well known that phyllosilicates are used as thickeners and rheological
additives,?® the effects of grinding on the rheological properties of aqueous suspensions
of sepiolite were also investigated. The changes in the apparent viscosity of dilute aque-
ous suspensions of sepiolite were measured using a structural-rotational viscosimeter.

EXPERIMENTAL

Samples of sepiolite of soft and hard consistency originating from two levels of the Magura 14
vein (horizon 10 and horizon 14) were investigated. Their consistencies were as follows: samples
1H14 (soft consistency, horizon 14), 2H14 (hard consistency, horizon 14), IH10-3H10 (soft consis-
tencies, horizon 10), 4H10-6H10 (hard consistencies, horizon 10). All samples wer prepared by dry-
ing at 105 °C and by manual crushing to pass through a 2-mm sieve. The chemical compositions of the
samples are presented in Table 1.

TABLE I. Chemical composition of the sepiolites from Golesh

% Oxide 1H10 2H10 3H10 4H10 SH10 6H10 1H14 2H14
Si0, 52.58 51.80 46.84 53.72 52.71 53.60 49.52 34.60

Fe 03 0.06 0.05 0.05 0.05 0.05 0.21 0.08 0.08
CaO 0.18 0.18 0.20 0.13 0.37 0.14 0.23 0.48
MgO 25.53 26.29 27.99 25.26 24.59 23.96 27.31 31.80

NiO 0.03 0.04 0.04 0.03 0.04 0.05 0.03 0.05
Na,O 0.30 0.28 0.24 0.24 0.29 0.26 0.31 0.28
Loss on ignition  20.97 21.59 24.09 21.03 21.57 20.94 23.88 31.18
Total 99.65 10023  99.45  100.46  99.62 99.16  101.36  98.47

Sepiolite was ground by dry and wet processes. Dry grinding was performed with two mills: a
porcelain ball mill and a Bifar air-stream mill. The laboratory ball mill was a VEB Special
Maschinenbau type 260-22, consisting of a 6.3-dm? porcelain container (working volume of 4.2 dm?)
with porcelain spheres 25 mm in diameter, moving in planetary fashion at 68 rpm. All experiments
were conducted with 1.5 kg batches of sepiolite. The soft-consistency sepiolites were ground for 24 h,
48 h, 72 h, 96 h, and 120 h, and the hard-consistency sepiolites for 72 h, 150 h, and 192 h.

The Bifar mill was an ACM 10 — Micro Pull type, in which grinding is performed in an air
stream whereby the particles impact on arotating disk with a peripheral velocity of 120 m/s. The max-
imal rotation speed of the rotor was 720 rpm, the air flow rates were 750—1500 m?3/h, and the classifier
speed was 700—4000 rpm. The grinding of the sepiolites was performed with a mill capacity of 4 kg/h,
since at this capacity satisfactory particle size distributions were obtained.

The sepiolites were wet-ground in aqueous medium. Aqueous suspensions of the sepiolites
were used ranging from 2.5 to 10 wt.%. Grinding was performed in a pilot mill of the Fin-o-Matic 30
type, with a rotor diameter of 15 cm. During grinding, the particle size distribution was controlled by
a Hegmans grindometer with a range of 0—100 um. In some cases, repeated runs were performed in
order to achieve the required particle size distribution.
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All samples were ground until a maximal diameter of about 20 um was achieved, which was
controlled by determination of the particle size distribution.By applying all of the mentioned grind-
ing processes to all sepiolite samples (soft- and hard-consistency sepiolite from horizons 10 and 14),
the effects of the different grinding methods on the same sepiolite sample, as well as the performance
of different sepiolite samples, after treating by a particular grinding method, were analyzed.

Scanning electron microscope investigations were carried out with a JEOL 4-JSM-840a in-
strument, using magnifications of 3000-5000.

XRD data were obtained using a Philips PW 1710 Automated Powder Diffractometer System
equipped with a TTK Temperature Attachment (Anton Paar K.G.) mounted on a Philips PW1820
Vertical Goniometer using CuKa radiation, V' = 35 kV, and / = 50 mA, at a scanning rate of
1.5°20/min. Before compacting in the TTK sample holder, the samples were powdered manually in
an agate mortar. Recording of the XRD spectra was conducted at room temperature. Simultaneous
TG-DTA analyses were performed on a Stanton Redcroft Thermal Analyzer in the temperature range
0t 20-950 °C under N, flow at a heating rate of 20 °C/min.

Chemical analyses of the samples were made as before” followed by gravimetric determina-
tion of SiO,. From the remaining liquid phase, the determinations of the cations were carried out by
atomic absorption spectrophotometry using a Varian 775 instrument.

The surface areas of the sepiolite samples were determined using an Autosorb 6-Quan-
tachrome, with N,, and calculated by the BET method. Prior to the measurements, the samples were
outgassed in a vacuum at 110 °C and 200 °C.

The infrared spectra were recorded on a Perkin Elmer 9836 spectrometer in the range of
4000-400 cm™!, using KBr pellets.

Viscosity measurements were carried out with a structural-rotational viscosimeter of the
Rheotest 2 type using coaxial cylinders in the range of 5/9-243 rpm.

RESULTS AND DISCUSSION

Scanning electron microscopy (SEM)

The fibrous nature of the original, untreated sepiolite is apparent from the scan-
ning electron micrographs (Figs. 1a and 2a) for the samples 1H14 and H10, respec-
tively. The fibers were arranged in bundles, with lengths of 2—10 pum for sample 1H14
and up to 15 um for sample 4H10.

After grinding in the ball mill, the particles had the appearance of irregular
spheres, with diameters of up to 20 um (Fig. 1b). This shape resulted from the impacts
of'the grinding balls, as well as interparticular collisions, and suggests that the particles
were amorphized to some extent. At greater magnification (5000x) it can be seen that
the spheroid particles were agglomerates of a large number of randomly oriented nee-
dle-like particles.

After grinding in the air-stream mill, the sepiolite kept its fibrous micro-
morphology (Fig. 1¢), but the bundles were partly separated into free fibers.

Wet grinding of sepiolite caused the appearance of flakes (Figs. 1d and 2b), with
lengths between 5 and 15 pwm, which roughly correspond to the fiber lengths in raw
sepiolite. At higher enlargements it can be seen that the flakes are agglomerates of fi-
bers. When these samples were suspended in water with vigorous mixing, the fibrous
micromorphology of sepiolite is apparent even at lower magnification (Fig. 2c).
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Fig. 1. Scanning electron photomicrographs of sample 1H14: a) original, b) ground in the ball mill,
¢) ground in the air-stream mill, and d) ground in the colloid mill.

X-Ray diffraction (XRD)

The diffractograms of the ground samples differ to a greater or lesser extent from
those of the original sepiolite. Generally, when changes are noticeable, a reduction of
the peak intensities occurs, with a broadening of the peaks and changes in the ratios of
their intensities. By analysis of the diffractograms and by measuring the intensities of
the 12 most intensive sepiolite peaks (and the magnesite peak at d = 0.274 nm), it was
found that the ratios of the intensities of different peaks change differently. The intensi-
ties of the peaks corresponding to the plane 080 (4= 0.337 nm) for peak A and planes
112,371 and 191 (d = 0.256 nm) for peak B are of the same order of magnitude. There-
fore, the ratio of the intensities of these peaks expressed in the form: Ry = I(A)/I(B) is
suitable for analyzing the effects of grinding. Grinding has a clear influence on the
change in the intensity of peak A and a negligible influence on the intensity of peak B.
The problem here could be the heterogeneous nature of raw sepiolite (from the large
number of experimental data, only those which indicate the general behavior of the in-
vestigated material are presented).

The diffractograms of sample 1H14 treated in a ball mill for different time peri-
ods (24120 h) are presented in Fig. 3, and intensity ratios (Ry) for samples 1H14 and
2H14 in Table II. From both Fig. 3 and Table 11, it is clear that R} decreases with increase
duration of grinding.
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Fig. 2. Scanning electron photomicrographs of
sample 4H10: a) original, b) ground in the
colloid mill, and c¢) suspended in water after
grinding in the colloid mill.

TABLE II. Relative ratios of the diffraction peak intensities in the positions ¢ =0.337 nm (A) and d =
0.256 nm (B) for samples 1H14 and 2H14 ground in the ball mill

Sample I(A) I(B) Ry = I(AYI(B) R (%)
1H14-0 h 10.95 6.60 1.66 100
1H14-24 h 8.90 7.70 1.16 70
1H14-48 h 10.70 6.80 1.57 95
1H14-72 h 9.25 6.75 1.37 83
1H14-96 h 9.10 6.95 1.31 79

1H14-120 h 7.50 6.90 1.09 66
2H14-0 h 8.00 4.80 1.67 100
2H14-24 h 7.10 5.30 1.34 80
2H14-72h 5.95 470 1.27 76
2H14-150 h 435 3.65 1.19 71
2H14-190 h 4.85 4.90 1.02 61

There is no difference in the diffractograms of the raw 1H14 sample and of the
same sample after grinding in the air-stream mill (Fig. 4), and since Ry of the treated
sample is 98 % of Ry of the raw sample (Table I11), it is clear that this type of grinding has
a very small effect on the structural alterations.
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TABLE II1. Relative ratios of the diffraction peak intensities in the positions d=0.337 nm (A) and d =
0.256 nm (B) for samples 1H14 ground in the air-stream mill

Sample I(A) I(B) Ry = [(A)I(B) Ry (%)
1H14 original 10.95 6.60 1.66 100
1H14 ground 9.15 5.6 1.63 98

The X-ray patterns of raw and wet-ground sample 1H14 are presented in Fig. 5,
and the corresponding ratio of peak intensities (Ry) in Table IV.
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TABLE IV. Relative ratios of the diffraction peak intensities in the positions d = 0.337 nm (A) and d =
0.256 nm (B) for samples 1H14 ground in the colloid mill

Sample I(A) I(B) Ry = I(AVI(B) R (%)
1H14 original 7.15 430 1.66 100
1H14 ground 5.85 5.30 1.10 66

The value of Ry for the treated sample is 66 % of Ry for the original sample, so it is
clear that this type of grinding produces significant changes in the sepiolite structure.
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By comparing the influences of the different methods of grinding on the structural
changes of sample 1H14, it is evident that only after 120 h of grinding in the ball mill does
the value of Ry decrease to 66 % of the starting value, which corresponds to the value ob-
tained by wet grinding, and that grinding in the air-stream mill has no influence on Ry.

The decrease of the Ry ratio for wet-ground sepiolite, as well as for sepiolite
ground in the ball mill after very long treatment, can be attributed both to fiber separa-
tion and to partial amorphization, although this phenomenon is not yet completely clear.

The diffractograms of samples 2H10 and 4H10 before and after wet grinding are

presented in Figs. 6 and 7.

The ratios of the peak intensities (Ry) are generally higher for samples of a soft consis-
tency than for samples of a hard one (Table V). For samples of a hard consistency, the Ry ratio
can be as low as 36 %, although sample SH10, where the Ry ratio is 111 %, is an exception.

In addition to the decrease in the peak intensities and their ratios, for samples with
Ry <0.60, the resolved peaks in the range of 34-36° (20) in many cases disappear and
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their fusion into one peak occurs, with a maximum in the position of the diffraction
planes 112, 371, 191 at 35° (20).

TABLE V. Relative ratios of the diffraction peak intensities in the positions d =0.337 nm (A) and d =
0.256 nm (B) for samples from horizon 10 ground in the colloid mill

Sample I(A) I(B) Ry = [(A)/I(B) Ry (%)
1H10 17.30 7.60 2.8 100
~  2HIO 13.75 7.5 1.90 100
£ 3HI0 13.20 7.95 1.66 100
5  4HI10 8.70 7.4 1.20 100
SH10 3.85 7.20 0.53 100
6H10 7.95 5.50 1.45 100
1H10 10.80 1030 1.05 46
- 2HI10 9.30 8.30 1.12 59
S 3HIO 10.65 10.00 1.06 64
S 4H10 5.050 8.80 0.57 48
SH10 3.55 6.00 0.59 11
6H10 4.05 7.80 0.52 36

Although treatment in the wet colloid mill has the same effects of changing the Ry
ratios as prolonged treatment in the ball mill, for samples with a hard consistency from
horizon 10, there is the additional effect of peak fusion in the 2@ range of 34-36°.

Infrared spectra

The infrared spectra for the 1H14 sample before and after grinding in ball,
air-stream, and colloid mills, show that the bands at 3520 cm~! and 3400 cm™!, corre-
sponding to OH-stretching vibrations of bonded and zeolite water,!%:1! are not signifi-
cantly changed. The same is valid for the OH-bending mode of vibrations for bonded and
zeolite water in the range of 1625-1640 cm™!. Also, the Si—O combination bands at 1210
ecm!, 1100 cm !, and 980 cm!, as well as peaks at 1020 cm! and 450 cm! (which cor-
respond to Si—O-Si in plane vibrations), are not substantially changed (Fig. 8).

It can be concluded from this, that none of the employed grinding methods have
any significant influence on the sepiolite structural changes in the 1H14 sample. The
same was found for samples 2H10 and 4H10.

BET Surface areas

For all the samples, dry grinding has a very slight influence on the specific surface
areas obtained by the BET method. Table VI presents the Sggt surfaces for sample
1H14 after grinding for various periods in the ball mill.

The specific surface areas at first slightly increase, but after 48 h of grining start to
decrease to some extent. This confirms our supposition that dry grinding in the ball or
air-stream mill predominantly effects the separation of the sepiolite fibers.
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TABLE VI. Variation of the specific surface area of sample 1H14 after grinding in the ball mill

Hours 0 24 48 72 96 120
SpET/(M?/g) 243 253 248 244 242 236

In the case of wet grinding in the colloid mill, considerable changes in the specific
surface areas were observed. For sample 1H14, SgpT decreases from the starting value
of 243 m?/g to 140 m?/g, while for 4H10 this change is from 324 m?/g to 214 m?/g.
These results show that the structure of the sepiolite fibers is changed by wet grinding.
Probably the number of surface micro-pores decreases due to partial amorphization of
sepiolite affecting the fibers surface.

Thermogravimetric analysis

Mass losses as a function of temperature for samples ground by the dry methods
are essentially the same as for the raw samples. TG analysis reveals the presence of cer-
tain minor differences in the wet-ground samples where disruption of the sepiolite
structure causes an increase in the number of free OH groups. This is presented for sam-
ple 4H1D in Fig. 9.
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The weight loss for the treated sample is greater due to the loss of OH groups orig-
inating from the breakage of some Si—O—Si bonds. The final weight loss corresponding
to structural OH groups and the accompanying endothermic peak on the DTA plot are
observed at a lower temperature. The reason for this is that when the mass of the amor-
phous phase is increased, removal of the structural hydroxyls!? and formation of the
high-temperature phase are facilitated. The value of this weight loss remains un-
changed during grinding, so it can be concluded that the ribbons within the fibers re-
main unaltered, although the fiber structure is changed, since the ribbons are either sep-
arated or broken lengthwise or crosswise.

PpH of sepiolite suspensions

Dry grinding did not affect the pH values of 5 % aqueous suspensions of sepiolite
sample 1H14, which remain at 6.7 even after 120 h of treatment in the ball mill. On the
other hand, the pH values of the wet-ground samples 2H10 and 4H10 significantly in-
creased, from 6.1 to 7.9 for sample 2H10 and from 6.9 to 8.2 for sample 4H10. The pH
value increase is ascribed to partial amorphization, i.e., to the formation of Mg(OH),.

Rheological characteristics of sepiolite suspensions

Mineral thickeners and rheological additives based on sepiolite already have certain
industrial uses. For this reason, the effect of the type of grinding on the rheological behavior
of aqueous suspensions of sepiolite was examined. This involved the investigation of the
changes in the particle surface and microfibrous morphology of sepiolite upon grinding, as
these properties are essential for determining the viscosities of sepiolite suspensions. The
viscosity curves for aqueous suspensions of sepiolite 1H14 are presented in Fig. 10.

Curves (a) and (c) refer to a 4 % suspension of white sepiolite obtained by wet
grinding in the colloid mill and dry grinding in the air-stream mill, respectively. The
rheological characteristics of 16 % suspensions of dry-ground (air-stream mill) sepio-
lite are presented as curve (b). All the plots in Figs. 10 and 11 indicate pseudoplastic and
thixotropic behavior of aqueous suspensions of sepiolite. These examples illustrate the
predominant influence of the manner of grinding on the rheological characteristics of
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aqueous suspensions of sepiolite, since the achieved mean particle size was approxi-
mately the same in all the employed grinding procedures.

The viscosity curves for the wet-ground samples from horizon 10 are presented in
Fig. 11. All the curves refer to 4 % aqueous suspensions. The anomalous behaviour of
3H10, curve (e), ascribed to the large percentage of magnesite (about 40 %) in the sample,
while in all other samples the content of magnesite as an associated mineral was 10-15 %.
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The plots in Fig. 11 illustrate the fact that the starting consistency of the sepiolite
has little influence on the rheological characteristics of its suspensions, but the content
of the associated magnesite has a significant influence.

Our results show that the investigated sepiolites are much more stable to grinding
than the Spanish ones.>

It is suggested that the changes in the diffractograms result from fiber separation
inside the bundles or from a decrease in the crystallinity. We assign these changes in the
diffractograms primarily to the separation of the fibers, which reduces the degree of
crystal orientation along the ¢ and b axes and especially lowers the intensities of the dif-
fraction from the planes compared to the plane 080 (peak A).

Partial amorphisation of the samples during treatment also causes a decrease in
the intensity and a broadening of the peaks in the diffractograms. This effect is added to
that of fiber separation in the bundles. It is probable that the effect of fiber separation is
so dominant that it masks the influence of amorphization on diffractograms, so it is im-
possible to determine the degree of fiber amorphization based only on the XRD
analysis. The results of IR-analysis, measurements of SSA by BET, TG analysis, and
pH values of suspensions confirm that amorphization was slight and that all the grind-
ing methods produced samples with a dominantly preserved sepiolite structure, but
SSA was affected by grinding.

It can be supposed that the degree of stability of the sepiolite structure to grinding is a
function of its morphological characteristics. The fibers are united in primary bundles,
which further form secondary bundles. Analysis of the results of all the employed methods
confirms that amorphization is only partial and that the bulk of the mechanical energy of
grinding is used for fibers separation. This suggests that the bundles are not simple mechan-
ical aggregations of fibers but that rather strong forces hold the fibers together.

Fiber elasticity along the c-axes permits the wrapping of bundles into the flaked
structures obtained as a result of wet grinding in the colloid mill. It is possible that this
arrangement offers additional protection to the sepiolite structure against mechanical
stresses during grinding, since the surface of the fibers inside the flakes are protected
from direct erosion.

We assume that amorphization of sepiolite occurs mostly on the lateral sides of
the bundles, where the ends of the fibers are destroyed, and by occasional breaking of
the bundles along the c-axes.

A high degree of amorphization could occur only if the individual fibers which
form the primary bundles were without the protection of higher order arrangements so
that the grinding energy would predominantly effect amorphization.

The fibrous morphology of sepiolite is similar to that of chrysotile and other fi-
ber-forming minerals, and its resistance to grinding treatment is therefore similar.4

CONCLUSIONS

Although the three applied types of sepiolite grinding produced particles of a
roughly the same size (20 um) their effects on the morphology of the sepiolite fiber bun-
dles and on the surface of the fibers were completely different. Dry grinding in the
air-stream mill resulted in separation of the bundles into sub-bundles and some break-
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ing of the sub-bundles and fibers, without affecting the orientation of the fibers or their
surfaces. Dry grinding in the ball mill, besides breaking the bundles, produced distor-
tion of the fibers and their wraping into balls, with randomly oriented fibers. Wet grind-
ing in the colloid mill produced flakes, also with distorted and randomly oriented fibers,
but the structure at the ends the fibers and, in the nano-scale on the surface of some fi-
bers were affected.

Surface erosion, together with chemical actions of the aqueous medium, produce
changes both in the “surface nano continuum” — thin layer of the fibers material where
molecular forces exist, but, also, in the “two-dimensional nano-space” close to surface
of the fibers.!3

The BET surface decrease, since some surface nano-chanels are destroyed, but
the hydrophilicity of the surface of the fibers increases, producing significant changes
in the rheological properties of aqueous suspensions of the ground sepiolite. Also,
changes in the pH values of the suspensions indicate the formation of some Mg(OH), in
the solution. The presence of MgZ" ions in the solution and also the adsorption of
Mg(OH); at the fibers surface could explain the changes in the rheological characteris-
tics of the sepiolite suspensions.

The thermal behavior of wet grinded sepiolite changes, since, as the amorphous
phase increases, the removal of structural hydroxyls and the formation of the high tem-
perature phase are facilitated.

The results presented are valuable for future investigations and for the develop-
ment of applications of Golesh white sepiolite.
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M3 B O I

E®PEKAT MJIEBEIbA HA ®N3NUYKO-XEMUNICKE KAPAKTEPUCTUKE BEJIOT!
CEITIOJIMTA CA TOJIEITA

IYUWAH BYUYEJIUR ¥, TAHA CUMUR*, ONIT'MLA KOBAYEBUH*, MUPOCIIABA NOJYUMHOBUR* u
MUITAH MUTPOBUR*

*Uncitiuitiyiti 3a oiiuitly u pususxy xemujy, it. iip. 551, 11001 Beozpad u * ®axyaitieiti 3a pusuyky xemujy,
Ynusepauiteii y beozpaoy, a. ip. 550, 11001 Beozpao

HcnuTusaH je yTuiaj MiieBemha Ha CTPYKTYPHE U PEOJIOIIKE KapaKTEPUCTHKE BOAEHUX
cycnensuja 6emnor cenumonuTa u3 pynauka Marype — I'onemr (Jyskaa Cp6uja). Y3opuu cenuo-
JIUTa YBPCTE ¥ MEKE KOH3UCTEHIje MIIEBEHH CY Y TPH TUIIA MIIMHOBA, KYTJIMUHHU MJIUH, MIIUH
ca Ba3[ylIHOM CcTpyjoM u Kojoupanu mianH. EpexkaTt MineBema Ha y30pKe CEMUOINTA UCIHU-
tuBaH je momohy SEM, XRD, IR, TG u BET meropa, a U3BpIIeHa je M XeMHUjCcKa aHaIu3a.
MieBemwe reHepasHO yTU4e Ha pa3jBajambe CeNMOINTCKUX BiIakaHa, a npuMehena je u nap-
nujanHa amopdusanyja. Miepeme OUTHO MEHa NPUBHUIHY BUCKO3HOCT M PEOJIONIKE Kapa-
KTePUCTHKE Pa30/IaskeHUX BOJACHUX CYCIICH3H]ja CeIIMOINTA, A Ha BUCKO3HOCT IOCEOHO yTH4e
THIl MIIeBewa. [loBpiIMHCKa epo3nja, 3ajeJHO ca XeMUjCKIM JIeIOBamkEM BOJICHE CPEMHE,
JOBOJIM JIO TIPOMEHA M y "MOBPUIMHCKOM HAaHO KOHTHMHYYMY" — TQHKOM CIJIOjy BIAKHACTOT
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MaTepmjaia, Ije MocToje MOJIEKyJapHe Cuile a Takobe W y "IBOAMMEH3MOHAIHOM HaHO
npocTopy" y3 caMy MOBpIIMHY BiakaHa. TepMallHO TOHAIlake CEMHONHUTa IMOBPTHYTOT
MOKPOM MIIEBEB:Y CE MEHba, jep pacTe amopgHa hasa, yKilamajy ce CTPYKTYPHE XUAPOKCUIIHE
rpyme, ma ¢popMupame BUCOKOTeMIepaTypHe (ase nocraje nakie. OBU pe3ynTaTH Cy Of
3Hauaja 3a Oyayha ucnuTHBama U IpuMeHe OeJor cenuosuTa ca ['omema.

(ITpumibeno 13. jyma 2001)
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