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A b s trac t: White opalized tuff (from the Strmo§ locality, Probistip), as a raw silicate amorphous material,
contains some quantity of admixtures. The total quantity of admixtures amounts is about 8% mass. Mine powdery in-
gredients are homogeneously distributed into the basic silicate mass. Carbonate material is a significant part of pre-
sent admixtures, and it is possible to be separated with controlled milling. Milling parameters (type and time of mill-
ing) enables to concentrate the present CaCOj; in granulometric fraction <0.032 pm, after 30 min. milling. Reliable
evidence about aforementioned separation is shown with simultaneous view of the results of silicate chemical analy-
sis, DT/TG analysis (750-850°C), and sieve-analysis. From the X-ray analysis it is evident that the present carbonate
material exists in crypto crystal to amorphous state. The space where CaCOs; is hidden, presents the place between
basic silicate particles inside the groups, generally with dimensions about 40 to 60 um. The concentration of CaCOs
appears when this particle group goes to the process of disintegration.
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INTRODUCTION
Inorganic raw materials are spread in Mace- trepel, diatomite, diatomaceous earth etc. are dom-
donia. Raw silica amorphous minerals like tuff, inantly spread in some regions [1-4].

Fig. 1. Geographical location of the deposits
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According to the geological origin, tuffs be-
long to a group of pyroclastic rocks, whose genesis
is related to the volcanic activity in the region, i.e.
by sedimentation of ejected volcanic mass [5, 6].
Explosive volcanic eruptions are caused by high
concentration of gas and high viscosity of magma
as contrary forces. Explosive eruptions of the high-
est intensity occur when there is grinding of solid
rocks which disable exit, under the influence of
increased pressure of dissolved gasses in the mag-
ma.

The magma is formed inside the Earth, under
the heat influence from the parts which have not

cooled yet. It is a heated liquid silicate solution
consisted of a large number of components, which
is rather homogeneous in early phases of forming,
due to high pressure and high temperature. All
known chemical elements of which oxygen and
silicon are the most dominant ones, are present in
the composition of the magma.

Tuffs are widely spread in almost all volcanic
regions in Macedonia. The white opalized tuff,
which has been the subject of this research, domi-
nantly exists in the Kratovo—Zletovo volcanic area

(Figure 1) [7, 8].

MATERIALS AND METHODS

The samples for analysis of white opalized
tuff are taken from the deposit in the locality of
Strmos, Probistip (Figure 2)

White opalized tuff is a natural raw material
dominantly consisted of amorphous SiO, [1] Aver-

age chemical composition of the material is pre-
sented in Table 1. Variations in the chemical com-
position are consequence of natural changes within
the deposit.
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Fig. 2. Deposit in the locality the Strmos, Probistip
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Table 1

Average chemical composition
of white opalized tuff (mass %)

Si0, 90-92
AL O; 2-5
Fe, 05 0.2-0.5
TiO, 0.2-0.4

CaO 1.5-4
MgO 04-1.2
Na,O 0.1-0.4

K,0 0.05-0.1
P,O4 max 0.1
MnO tr.

SO, 0.4-0.8

Lw 2-4

Operations of crushing and milling are apply-
ing for the process of mechanical preparation of
the material. Initially, there is single crushing of
the material to a fraction of <1 mm into a roller
crusher (Figure 3).

Then, there is dry milling into a porcelain mill
with balls in duration time of 30 min, 1, 2, 3, 4, 5
and 6 hours. The material: ball ratio is 1 : 2.5 and
the velocity of rotation is @ = 65°/min. At these
conditions, the milling is combination of cataract
and less cascade regime.

Wet sieve analysis have been conducted for
the various milling phases. A set of standard sieves
with diameter of perforation of 0.032 mm to
0.1 mm (0.032 mm, 0.040 mm, 0,063 mm,0,071
mm, 0,1 mm) have been used. Sieve analysis have

been conducted on 50 g samples, which have been
previously dried in the dryer at the temperature of
105°C to a constant mass.

Fig. 3. Crushed tuff: dimensional fraction —1 mm

The further analysis are realized on separated
fractions of the different phases of the milling pro-
cess.

Chemical composition of the various fractions
of various milling phases, are determined with sili-
cate chemical analysis.

DT/TG analysis of the raw material were per-
formed with NETZSCH 348 472c¢ apparatus, at
temperature range 20 — 1200 °C; 10°C/min.

X-ray analysis were realized on PHILIPS PW
1010 X-ray diffractometer (26 = 2-60°; 38 kV; 18
mA; CuKa/Ni).

RESULTS AND DISCUSSION

Samples for analysis are composed of grain
with size fraction from 0 to 5 mm. Their chemical
composition is presented in Table 2. Compared
with other tuff depostits where SiO, content is
higher then 60% [9—12], white opalized tuff from
the locality of Strmos, Probistip, represents a high
purity raw material with SiO, content over 90 %
mass The material contains various admixtures and
constitutional H,O whose part reaches up to 10%.
On macrolevel, the admixtures are homogeneously
distributed throughout basic mass of amorphous
Si0,.

In order to define the effects of the mechani-
cal destruction of the material a wet sieve analysis
of various milling phases has been conducted. Ob-
tained results are presented in Table 3 (Figure 4).
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Table 2

Chemical composition (mass %) of size
fraction grain 0— 5 mm

Sio, 90.27
AlLOs 291
Fe,04 tr.
CaO 2.30
MgO 0.75
K,O 0.08
Na,O 0.26
SO; 0.54
L.w 2.82
........ T
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Table 3
Granulometric sieve analysis of various milling phases (mass %)
Fraction (mm) 30 min. lh 2h 3h 4h 5h 6h
<0.1 60.30 39.75 12.19 3.62 2.70 2.37 2.01
0.071 -0.1 11.93 9.94 11.30 9.03 5.81 4.82 4.74
0.063 -0.071 0.89 5.49 9.57 4.16 5.27 3.72 3.35
0.040 - 0.063 6.60 10.38 11.36 13.11 11.40 12.35 10.69
0.032 -0.040 1.63 5.05 8.13 6.47 6.81 6.93 7.37
<0.032 18.65 29.39 47.45 63.61 68.01 69.81 71.84
80 -
70 1
60 1
= O+0,1mm
El_n— 50 .01 +0,071mm
% 40 - ®-0,071+0,063mm
E 0-0,063 +0,040mm
30 4 3-0,040+0,032mm
m.-0,032mm
20 |
10 A
n E =
30min 1h 2h 3h 4h 5h &h duration
time (%)
Fig. 4. Histogram of granulometric sieve analysis of various milling phases
Concentration of some of the mixtures in dif- The results of chemical analysis of the frac-
ferent fractions is determined with simultaneous tions with various dimensions of the grains after 30
review of the results of chemical, XRD, DT and min of milling are presented in Tables 4 and 5.

TG analyses.

Table 4
Chemical composition of various fractions after 30 min of milling (mass %)
Fraction (mm) SiO, AL 04 Fe,04 CaO MgO K,0 Na,O SO; Lw z
<0.1 90.62 2.84 tr. 1.95 0.65 0.09 0.38 0.42 2.93 99.88
0.071 -0.1 91.56 2.92 tr. 1.24 0.47 0.08 0.35 0.55 2.75 99.92
0.063 - 0.071 91.81 2.95 tr. 1.07 0.42 0.08 0.26 0.63 2.63 99.85
0.040 - 0.063 90.02 3.35 tr. 1.63 0.95 0.07 0.11 0.60 3.18 99.91
0.032-0.040 89.48 3.18 tr. 1.84 1.08 0.08 0.13 0.68 3.46 99.93
<0.032 84.13 3.95 tr. 3.92 1.36 0.07 0.14 0.65 5.73 99.95
Table 5
Chemical composition of fraction <0.032 mm of various milling phases (mass %)
SIOZ A1203 Fe203 CaO MgO Kzo Na2O SO3 Lw z
30 min 85.13 3.95 tr. 3.92 1.36 0.07 0.14 0.65 4.73 99.95
2h 89.72 335 tr. 2.54 0.5 0.08 0.12 0.51 312 99.94
6h 90.48 3.31 tr. 2.17 0.47 0.07 0.09 0.44 2.89 99.92
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With the results of the chemical analysis it is
confirmed that white opalized tuff is a natural raw
material with a basic mass of amorphous SiO,
(which is confirmed with an X-ray analysis). Total
quantity of admixtures is around 10 %.

The part of CaO in the initial material is
2.30 %. With the exception of the fraction
<0.032 mm) after 30 min. of milling, its mass part
in other fractions at various milling phases is with-
in the limits of 1.07 — 1.95 %. In the previously
mentioned fraction the concentration of the present

CaO was 3.92 % mass. In that fraction there is sig-
nificant loss of mass under thermal treatment,
which points to the presumption that it is probably
a carbonate admixture.

The results correlates to DT/TG analysis
(Figure 5) where there is loss of mass in the tem-
perature interval of around 750 — 800°C due to the
thermal dissociation of carbonate admixtures.

Comparatively, the TGA curves of various
fractions of various milling phases are presented in
Figures 6 and 7.
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Fig. 5. DT/TG analyses of fraction <0.032 mm after 30 min. of milling
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Fig. 6. Comparative TG analyses of various fractions after 30 min. of milling
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Fig. 7. Comparative TG analyses of fraction <0.032 mm of various milling phases

Thermal treatment of the material causes
higher degree of structure stabilization — crystalli-
zation, depending on the temperature and time
treatment. At the same time minimal change in the
porosity occurs, resulting in insignificant decrease
of specific surface [1].

Applying the XRD-analysis, dominant quan-
tum of amorphous SiO, has been proven. Beside
the amorphous SiO,, there are minor quantities of
crystalline forms of tridymite and quartz. Absence
of the typical peaks of CaCO; on X-ray diffracto-
gram confirms that the present carbonate material
exists in amorphous to crypto-crystalline phase.

30

=)
LA

Fig. 8. X-ray diffractogram of fraction <0.032 mm after 30 min of milling

CONCLUSION

The distribution of admixtures by volume in
the original material, as well as parameters of the
milling process (regime and duration time) provide
concentration of the present carbonate admixture in
sieve fraction <0.032 mm after 30 min. of milling).

The space where CaCOs; is “hidden” presents
the place between basic silicate particles inside the
groups, generally about 40 — 60 um. During the
process of preparation of the material (mechanical

Geologica Macedonica, 30, 1, 89-95 (2016)
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destruction), there is a concentration of the car-
bonate admixture in these size fracction grains.
From the obtained results it can be concluded
that depending on the used material, the milling
process can be implemented at a specific regime in
order to satisfy the previously set requirements

from the aspect of concentration of admixtures,
thus using previously obtained knowledge. The
detailed characterization of different size fractions
gives opportunity for their specific and selective
implementation.

REFERENCES

Boskovski B., Bogoevski S., Ruseska G., Atkovska K.: High
temperature crystallization process into opalized tuff, Ge-
ologica Macedonica, 29 (2), 209-213 (2015).

Bogoevski S., Jancev S., Boskovski B.: Characterization of
Diatomaceous earth from Slavishko Pole locality in the
Republic of Macedonia, Geologica Macedonica, 28 (1),
39-43 (2014).

Pavlovski B., Jancev S., Petreski Lj., Reka A., Bogoevski S.,
Boskovski B.: Trepel — a peculiar sedimentary rock of bi-
ogenetic origin from the Suvodol village, Bitola, R. Mac-
edonia, Geologica Macedonica, 25 (1), 67-72 (2011).

Reka A., Anovski T., Bogoevski S., Pavlovski B., Boskovski
B.: Physical-chemical and mineralogical-petrographic ex-
aminations of diatomite from deposit near village
Rozden, R. Macedonia, Geologica Macedonica, 28 (2),
121-126 (2014).

Boes b., CrojanoB P.: [Teiipoipaghuja, Pynapcko-reonomkn
daxynrer, Tun, 1994.

Banymes banyur: Ilpaxiuuuecka uieiipoipagus, Bano Het-
koB, Codusi, 2006.

CrojanoBuk Munopan: Haotasuwitia na nemetiiainu cypo-
sunu 60 Maxegonuja, Cxomje, 2005.

Pakukesuk T.. lymypuanos H., IlerkoBcku I1.: Ocnosna teo-
aowka kapiwia K 34-81 liuui, Cojy3eH TEOJOLIKU
3aBog, benrpaz, 1976.

Al-Zou’by J., Al-Zboon K. K.: Effect of volcanic tuff on the
characteristics of cement mortar, Ceramica, 60, 279-284
(2014).

Yasin A. A, Awwad M. T., Hajjeh H. R., Sahawneh E. I,
Effect of volcanic tuff on the concrete compressive
strenght, Contemporary Engineering Sciences, 5, 295—
306 (2012).

Ergul S., Ferrante F., Pisciella P., Karamanov A., Pelino M.:
Characterization of basaltic tuffs and their aplications for
the production of ceramic and glass-ceramic materials,
Ceramics International, 35, 2789-2795 (2009).

Cuadros J., Caballero E., Huertas F. J., de Cisneros C. J.,
Huertas F., Linares J.: Experimental alteration of volcanic
tuff: Smectite formation and effect on '*0 isotope compo-
sition, Clays and Clay Minerals, 47 (6), 769-776, (1999).

Pezume
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Kunyunu 360poBu: Oein onanmusupat Tyd; IpuMecH; Mellehe; KOHLEHTPHPAbE

bennor onmamusupan Tyd (ox noxamureror Crpmor,
[poOumiTun) mnpercTaByBa amopdHa CHIMKATHa CYpOBHHA,
KOja BO CBOjOT COCTaB COAPXKH M OJAPENEHU IpHMecH. Bxym-
HOTO KOJIMYECTBO Ha IIPHMECHTE H3HECYBa OKOTY 8% MaceHH.
Pyanure npaikoBUIHM HPUMECH CE€ XOMOTEHO TUCTPHOyHpa-
HHM BO OCHOBHATa CHJIMKAaTHAa Maca. 3HAa4aeH yzel BO MpUMe-
CHTE IIPeTCTaByBa KapOOHATHHOT MaTepHjal, KOj MOXe na
Ouze cemapupaH co KOHTpoJIMpaHo Melnewe. [lapamerpure Ha
MIPOLIECOT Ha MEJCHhE (TUIOT U BPEMETO HA MEJICHE) OBO3MO-
XKyBaaT KOHIEHTpHpame Ha npucytHuoT CaCO; BO rpaHyiio-
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merpuckata ¢pakuuja <0,032 um, mo 30 MHHYTH Melembe.
Hcroto ce mokaxyBa CO CUMyNTaH Iperjien Ha NOOHEHHTE
pe3yaraTu of cuiIMKaTtHata xemucka ananusa, DTA/TG ana-
m3ata (750-850°C) u curoBara aHanm3a. PeHAreHO-CTpyK-
TypHaTa aHajM3a JOKaKyBa J€Ka NPUCYTHHOT KapOOHaTeH
MaTepujajl er3ucTHpa BO KPHUITOKPUCTAJECTa 10 amopdHa
cocrojoa. CaCO; e ckpHeH BO MEI'YIPOCTOPOT OJf TPyHHTE Ha
CHJIMKAaTHAaTa 4ecTH4kH co aumensuu ox 40 mo 60 pm. Jlo
koHLeHTpupame Ha CaCO; noara npu aecTpykupjata Ha OBHE
IPYIHU YECTUYUKH.



