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A b stract: White opalized tuff from the locality “Strmo$”— Probistip, is dominantly consisted of amorphous
Si0, (over 90% mass), and a minor quantity of crystalline tridymite and quartz. Disordered structure of this material
is consequence of its genesis. Fast transition from liquid to solid state enables existence of dominant amorphous state.
This is confirmed by X-ray analysis and optical transmission microscopy. Thermal treatment of the material at
1200°C causes higher degree of structure stabilization — crystallization of tridymite. The basic mass remains in the
same disordered amorphous state, while the process of crystallization extends only in the zones with higher order de-
gree. At the same time minimal changes occurs in the porosity, resulting in insignificant decreasing of specific sur-

face area.
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INTRODUCTION

Raw silica amorphous materials are wide-
spread in Macedonia [1, 2, 3]. White opalized tuff
which has been the subject of this research, was
taken from the locality Strmos, in the Kratovo—
Zletovo volcanic area [4, 5].

Tuffs belong to the group of pyroclastic
rocks, which have been created through sedimen-
tation of ejected volcanic material. Under direct
influence of the lower atmospheric temperature,
fast cooling and solidification occure and there is
not sufficient time for the molecular ordering proc-
ess, which is the main reason for existence of the

white opalized tuff in amorphous phase. At the
same time, under the influence of lower atmos-
pheric pressure, there is degasification — release of
the gas phase (O, CO,, sulfur gasses and other)
from the basic mass [6, 7].

In the following stage of geological aging of
the material, a process of opalization which in-
cludes incorporating of (X) molecules of H,O in
the structure of basic mass of amorphous SiO, be-
gins, during its exposure to hydrothermal condi-
tions.

EXPERIMENTAL AND DISCUSSION

Average chemical composition of the material
from the locality, determined by a silicate chemical
analysis, is presented in Table 1.

The variations in the chemical composition are
consequence of natural changes within the place.

From mineralogical point of view, white opal-
ized tuff is a raw material dominantly composed of
amorphous Si0O,. Additionally containing minor
quantities of crystalline modifications of SiO, _
tridymite and quartz.

The crystalline phases of the material are de-
termined by X-ray analysis. X-ray analysis (Figure
1). was realized on PHILIPS PW 1010 diffracto-
meter (CuKo/Ni; 20 = 2°— 60°; 38 kV; 18 mA;)
(Fig. 1).

Table 1
Average chemical composition of white opalized tuff
Chemical composition Mass %
SiO, 90-92
ALO; 2-5
Fe,04 02-0.5
TiO, 02-04
CaO 1.5-4
MgO 04-12
Na,O 0.1-04
K,0O 0.05-0.1
P,05 max 0.1
MnO tr.
SO; 04-0.8
L.w 2-4
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Fig. 1. X-ray diffractogram of white opalized tuff

From micro-level point of view according to
the law of probabilities, there is an equal probabil-
ity for the initiation of the crystallization process in
any microspot, as the whole basic mass is homo-
geneous in composition. Every microcenter could
be the begetting of a spot which remains longer
under the higher temperature and pressure than the
rest in the surrounding. The structure of the basic
silica material starts with molecular ordering proc-
ess, to provide primary structural crystalline phases
appropriate and characteristic for the conditions at
that moment.

The microscopic examinations have been re-
alized by transmission optical method, on the mi-
croscope SM-POL, Letz-Wetzlar, Germany. Char-
acteristic clusters which contains, a large number
of centers of crystallization, surrounded by amor-
phous mass, are clearly visible on micrographs
(N+). The crystallization centers are homogene-
ously distributed to all levels of dimensions
through basic mass of amorphous SiO,, and their
aggregating originates from the naturally defined
self-similarities system in the forming phase. They
increase as a consequence of aggregation with
other granules, and the spherical form furthers into
a quasi-spherical to irregular form. The mutual
borders in the aggregates define shape, with higher
discrepancy of the spherical form. Clusters which
contain a larger number of crystallization centers
are formed, surrounded by basic amorphous mass
Crystal segments of the clusters widen in space at
thermal treatment, thus connecting with each other
and forming a macrocrystal (Figures 2 and 3)..

White opalized tuff has been exposed under
thermal treatment at the temperature of 1200°C in
duration time of 1, 3 and 5 hours.

Fig. 2. Micrograph of cluster after thermal treatment
of 1200°C in duration time of 3 hours (bar = 100 pm)

Fig. 3. Micrograph of cluster after thermal treatment
of 1200°C in duration time of 3 hours (N+) (bar = 100 um)
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During heating, there is a partial morphologi-
cal consolidation. The finest particles in the un-
formed macropores aggregate with each other or
blend to the wall of the pore, thus emphasizing the
space form of the pore (Figures 4 and 5). In the
end, it results with minimal decreasing of porosity
and increasing of specific mass (Table 2).

P L ’ L
Fig. 4. Micrograph of unformed macropore (bar = 10 um)

Fig. 5. Micrograph of unformed macropore after thermal
treatment of 1200°C in duration time of 3 hours (bar = 20 um)

Table 2

Specific mass and porosity after thermal treatment
of 1200°C in duration time of 1 and 3 hours

y %
g/em’ (%)
Initial material 2.302 42.01
1 h, 1200°C 2.315 41.04
3 h, 1200°C 2.320 40.82
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A more intensive change of porosity (1,03%)
occurs at primary thermal treatment of 1200°C in a
duration time of 1 hour. With increasing of durati-
on time, there is only minor change of porosity
(0,22%), which indicates that the described process
resulting in decreasing of total porosity is complet-
ed at the initial exposure of the material at the
thermal treatment of 1200°C. This points to the
fact that the thermal treatment hasn’t got any sig-
nificant influence upon porosity (Figures 6 and 7),
i.e. closure of the space between microgranules
occurs only in microzones previously morphologi-
cally prepared for consolidation, which makes the
primary thermal treatment at the temperature of
1200°C in duration of 1 hour sufficient.

Fig. 6. Micrograph of grain of quartz and pore after thermal
treatment of 1200°C in duration time of 3 hours (bar = 40 um)

40 um

Fig. 7. Micrograph of grain of quartz and pore after thermal
treatment of 1200°C in duration time of 3 hours
(N+) (bar = 40 pm)
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These results are in high correlation with the
results of specific surface whose basic value most
of all depends on porosity (Table 3).

Table 3

Monolayer capacity and specific surface after
thermal treatment of 1200°C in duration time
of 1, 3 and 5 hours

n, S
mol/kg m%/g
Initial material 0,4199 26.01
1 h, 1200°C 0.3794 24.220
3 h, 1200°C 0.3730 23.800
5 h, 1200°C 0.3694 23.581

Thermal treatment of the material provides a
minor higher level of crystallization, depending on
temperature and its duration [8—11].

After thermal treatment of 1-5 hours, at
1200°C, the material shows that the level of crys-
tallization increases. The evidence is simultane-
ously sightseeing X-ray diffractograms for vari-
ously duration time. With increasing of the dura-
tion time of the thermal treatment of 1200°C, there
is a minimum decrease in the intensity of quartz’s
peak, as a consequence of a polymorphic transfor-
mation of crystal modifications from quartz to
tridymite (Figure 8).

/ aT T h

Fig. 8. X-ray diffractogram of white opalized tuff after ther-
mal treatment of 1200°C in duration time of 1, 3 and 5 hours

CONCLUSION

The level of crystallization process (molecu-
lar ordering) of white opalized tuff from the local-
ity “StrmoS§” — Probistip, increases after thermal
treatment. By comparison of X-ray diffractograms
we can conclude that with the increase of the dura-
tion time of thermal treatment of 1200°C the level
of molecular arrangement in trydimite crystal
phase is also increased. There isn’t a rapid increase
of the level of crystallization because only those
zones of the basic amorphous mass with higher

level of arrangement crystallize, which is an addi-
tion of the primary crystallization process. The rest
of the amorphous mass (the dominant part) further
remains into amorphous state (thermally stable).

The influence of thermal treatment upon mor-
phology, microstructure and texture is evident in
sphering of macropores and blocking of micro-
pores, which results in a change of specific surface
area.
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Benmnor onammsupan Tyd ox soxamureToT CTpMmOIm —
[IpoOumitum, rmaBHO e cocraBeH ox amopder SiO, (mpeky
90% maceHH), 1 MHHIMAJIHM KOJIMYUHU Ha KPUCTAIHH TPH-
IUMHT U KBapu. HenozapeneHara cTpyKkTypa Ha MaTepHjajoT e
IocJieiina Ha HerosaTa reHesa. [lopagu Gp3aTa Tpancopma-
Lyja oJ Te4Ha BO LBPCTa COCT0j0a, BO MAaTepHjaliOT JOMH-
HaHTHO er3uctupa amopdnarta dasza. OBa ce MOTBpAYBa CO
MpUMEHa Ha PEHJTreHCKa aHalu3a M ONTHYKAa MHKPOCKOIHja.
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TepMUUKHOT TpeTMaH Ha MaTepHjaloT Ha TEMIeparypa Of
1200°C mpenu3BHKYBa TIOBHCOK CTETICH HAa CTPYKTYpHA CTabH-
JU3alyja — KpECTanu3anuja Ha TpuauMutoT. OCHOBHATa Maca
ocTaHyBa BO HemojpeneHa amopdHa coctojba, pojexa Kpuc-
TaJU3MpaaT caMo 30HUTE CO MOBUCOK CTEIEH Ha MOJPEIEHOCT.
Jloara n 10 MUHUMaJIHA IPOMEHH BO TIOPO3HOCTA, ITO PE3yJI-
THPa CO HE3HAUMTEIHO HaMaJlyBame Ha cHelu(pUIIHATA HOBP-
IIMHA.



