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Abstract: In this study, the results obtained by the mechanical treatment of bentonite clay
Zavidinci, Serbia in a laboratory vibration mill with rings for different periods of time are
presented. The successive structural changes of the minerals were studied by X-ray diffrac-
tion analysis, DTA analysis, IR spectroscopy and particle size distribution. The reactivity
changes were controlled by CEC. The starting material and the material mechanically
treated for 30 min were sintered at several temperature and for different time periods exam-
ined by X-ray diffraction. Mechanical treatment by fine grinding of bentonite clay produces
structural changes of the powdered material and influences its behavior in further processing
steps in particular after thermal treatment.
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INTRODUCTION

Mechanical treatment by grinding of clay minerals produces important changes of
powdered materials and influences their behavior in further processing steps.

The processes involved have been widely studied, especially for kaolinite.I4 Dry
grinding causes a decrease in the degree of crystallinity of kaolinite crystals, leading to the
formation of reactive surfaces or changes in the physicochemical behavior.

With respect to bentonite, Koller et al.® studied grinding in a ball mill, under dry and
wet conditions. Novak et al.6 observed parallel texture in smectite crystals after short time
of vibration grinding. Ci¢el and Kranz’ described the process of mechanical treatments of
montmorillonite. The destruction can be described as a series of parallel changes occurring
at various rates.

Volzone et al.8 studied the effect of milling on the structure and texture of a natural
bentonite and in several monoionic forms. When pyrophyllite is submitted to mechanical
and thermal treatments,” significant changes take place, according to X-ray diffraction and
DTA results.
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The objective of the present work was the characterization of the physicochemical
changes produced during mechanical treatment of a natural bentonite clay in a vibro mill
and the influence of the grinding on the behavior this raw material during thermal treat-
ment.

EXPERIMENTAL
Material and methods of analysis

The starting material used for the experimental work was a natural raw material of bentonite clay from
Zavidinci-Pirot, Serbia, which contains predominantly montmorillonite mineral (> 60 %) with accompanying
minerals (feldspar, quartz, crystobalite and illite).

The chemical composition of the starting material is given in Table 1.

TABLE 1. The chemical composition of the starting material

SIOZ Al203 Fe203 T102 CaO MgO Kzo NaZO L.o.l
mass-%  56.56 17.06 1.86 0.18 6.17 0.92 1.30 0.97 14.96

The bentonite clay was mechanically treated in a laboratory vibration CAP mill, Type Mn 953/3-KHD
Humbolt Wedag, for 10, 30, 60 and 120 min. During the grinding, the mill and the sample formed a closed
system preventing the evaporation of water.

The structural properties of the starting and mechanically treated bentonite clay were determined by
X-ray diffraction analysis. The X-ray diffractograms (XRD) were obtained on a Philips PW-1710 with a cop-
per tube operating at 40 kV and 35 mA. The instrument was equipped with a diffracted beam curved graphite
monochromator and a Xe-filled proportional counter. Difraction data were collected in the range of 20 from 4°
to 15°

Thermal analysis was performed in an air atmosphere with a Netzsch STA-409 EP instrument at heating
rate of 10 °C/min.

Infrared absorption spectra were recorded on a Perkin-Elmer model 377 spectrophotometer using the
KBr pellets technique.

Changes in particle size distribution were determined on a Coulter Multisizer.

The cation exchange capacity was detemined by the standard ammonium acetate method.

The starting material and mechanically treated samples were shaped into laboratory testing bodies in the
shape of pallets using a hydraulic press under a pressure of 20 MPa. The dried samples were then sintered at tem-
peratures of 1050, 1100 and 1150 °C. Retention time at determined temperatures was 15, 30, 60 and 120 min. Char-
acterization of both non treated and treated sintered materials were performed by X-ray diffraction analysis.

RESULTS AND DISCUSSION
Thermal analysis

The DTA curves of the starting bentonite clay Zavidinci and samples mechanically
treated for different treatment times (10, 30, 60 and 120 min) are presented in Fig. 1. The
first endothermic effect results from a dehydration reaction. The second effect is associated
with dehydroxylation, third endo effect simultaneously included decarbonisation and
dehydroxylation which are overlaping. The fourth endo-reaction is connected to the
disappearence of the layered structure of the montmorillonite mineral. After 120 min
grinding exothermic effect at 970 °C occurs, it is characteristic of development of high
temperature phases with a spinel-type structure.
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The DTA analysis showed that with increasing mechanical treatment time, dehy-
droxylation reaction and the disappearance of the layered structure occur at lower tempera-
tures. This is probably caused by a decrease of the energy of the OH-group bond in the
structure of the bentonite clay resulting from mechanical treatment.

X-Ray diffraction

The X-ray diffractograms of the starting natural material and the product of 120 min
grinding are given in Fig. 2. The changes of the intensity and width of diffraction reflection
maximum (001) in montmorillonite mineral was monitored. The intensity of the diffrac-
tion line of the sample ground for 120 min decreased relative to the untreated sample and
the peak width increased becoming more diffusive. This indicates a gradual disturbance of
the crystal structure.

IR-Spetroscopy

Infrared absorption spectra of starting and mechanically treated samples are given in
Fig. 3. It can be seen that with increasing mechanical treatment time, changes in the shape
and width of the absorption bands are observed, indicating a progressive structural degra-
dation.

The IR spectrum of the natural sample showed, ranges besides bands characteristic
for montmorillonite, also bands within the wave numbers from 950 to 1200 cm~! and from
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Fig. 2. XRD Patterns of, a) starting material and b) material ground for 120 minutes (Mo—montmorillonite,
Cr—crystobalite, [-llite, F—feldspar, Q—quartz, CaCO5—calcite).
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800 to 808 cm™1, which were overlapped and modified, but belong to o.-SiO5. With pro-
longed mechanical treatment, the intensity of the 855 cm! band, which belongs to
Al-O—H vibrations decreases and disappears entirely after 120 min grinding. The bands,
which belong to a~SiO, are changed giving one band of 800 cm! and the band at 629
cm! caused by Si-O vibrations in the tetrahedral layer decreases in intensity. Similar ef-

Zo
Z10

\
N

7 N\

4000 3500 3000 1800 1800 14006 1200 1000 800 800 400

Z3g

X
< § j
)

YWAVE NUMBER [cm-1]
Fig. 3. Changes in the IR spectra as a function of treatment time.
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fects are observed with the bands at 530 cm! and 478 cmi! which are for montmo-
rillonites of high intensity (they result from Si-O-Al, Si-O-Si and Si-O vibrations).10
This was not the case in this work due to the presence of accompanying minerals and over-
lapping of bands. During mechanical treatment of the samples, they lose in intensity and
sharpness and, after 60 min fragmentation, a shoulder appears at 490 cm™!.

Particle size distribution

As shown in Fig. 4, extending the grinding time led to an increasing content of finer
particles for samples mechanically treated for 10 and 30 min. With prolonged grinding
time, 60 and 120 min, an anomaly occurs which is the consequence of agglomeration. In
other words, the curves of these blips shifted to the right when going from the sample
treated for 30 min to the samples subjected to prolonged grinding.
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Fig. 4. Cummulative curves of the particle size distribution after different treatment times.

Cation exchange capacity

The reactivity changes were controlled by CEC. The cation exchange capacity (CEC)
for all the samples is given in Table II.

The data given in Table II show that mechanical treatment of the sample causes an in-
crease of the CEC from 65.28 meq/100 g for the starting sample to 85.29 meq/100 g for the
treated sample for 120 min. This increase in the CEC is explained by the production of ex-
tensive crystal defects in the A" octahedral position.
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TABLE II. Cation exchange capacity

Treatment time/min CEC/(meq/100 g)
0 65.28
10 66.06
30 69.47
60 72.86
120 85.29
Thermal treatment

In the paper shown a comparative X-ray diffractograms of the starting sample and a
sample mechanically treated for 30 min, both thermally treated at 1150 °C for 60 min, are
given in Fig. 5. Another results were not described and no comment on, because there were
abundant of dates.
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Fig. 5. X-Ray diffractogram of samples treated thermally at 1150 °C for 60 min a) starting material, b) mate-
rial ground for 30 min. (M—mullite, Cr—cristobalite, Q—quartz, An—anortite Di—diopside).

X-Ray diffraction analysis of the starting material sintered at 1150 °C showed that
cristobalite, mullite, quartz and diopside were the predominant high temperature phases.
The mineralogical composition of the material ground for 30 min and sintered at 1150 °C
was same, but the intensity of the diopside and mullite reflections increased. It is known
that the intensity of the mullite reflections is never very great and that this phase is not
abundant and very well crystallized in pure montmorillonite.
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CONCLUSION

Fine grinding of bentonite clay in vibration mill produces changes in its physical and
chemical characteristics:

— With prolongation of the grinding time, the crystallinity of the monitored mineral
decreases.

— Thermal analysis shows that some OH groups become unstable during grinding,
which results in a decrease of the temperature of dehydroxylation of bentonite clay. The
appearance of an exothermic effect which is not present in unground samples can be seen.

— The intensity of the vibration bands in the range 4001200 cm™! in the IR spectrum
show gradual structural changes.

— The reactivity of bentonite clay, monited by CEC, increase during the grinding.

By grinding of bentonite clay, the course of happenings in solid-state reactions which
occur during further heating can be influenced. The intensity of mullite formation, which
represents the high teperature phase desirable in ceramic systems, was much higher in the
ground samples than in natural bentonite clay.

U3BOJI

E®PEKAT OMHOI' CUTHhEA HA PM3NYKOXEMMUIJCKE OCOBMHE U TEPMNYKO
ITOHAITAKBE BEHTOHUTCKE I'NNIMHE

JIETIOCABA <1>I/IHI/IHOBI/IT1—HETPOBI/TF11, JbUTbAHA KOCTUR-T! BO3;[IEHOBI/I"F12 u
CTAHKA EPUR-AHTOHWR!

I 3Bopxa - Lenttiap 3a ucitipaxcusarsa, Hapoonux xepoja 66, Hlabay u 2 TexHoaouwKo-metianypuiku gpaxyaieit,
Kaprezujesa 4, Beozpao

Y oBOM papy cy IpeAcTaBIbeHN Pe3yITaT! KOji Cy FOOUjeHI MEXaHNIKIM TPETMaHOM OeH-
ToHUTCKe IuHe 3aBuaunuy, Cpbuja, y BUOGPO MITHHY €a IPCTEHOBUMA U PA3IUIUTIM BPEMEHCKIM
nepuofuMa MieBewa. IIpoMeHe y CTpYKTYpH HCITUBAHE CHPOBUHE Cy IpaheHe peHAreHCKOM
mudpakugjoM, DTA anamus3oM, IR CIEKTPOCKOIN]OM, PACIOAENIOM BEIMUUHE YECTULA, @ IPOMEHE
PEaKTUBHOCTH Cy IpaheHe KOHTPOIOM KamaluTeTa KaTjoHCKe pasmeHe. IlonasHu ucnuTuBaHu
Marepyjal U MaTeprjan MexaHnuku odpaben 30 MUHYTa Cy TOIUIOTHO TPETHPAHU HAa HEKOJMKO
TeMIepaTypa U pasluuuTUX BpeMeHa. HakoH Tora cy ImpoydyeHH PeHAreHCKOM Au(paKIdjoM.
Mexannuka oOpajia OEHTOHUTCKE IJIMHE, (DUHIM MIIEBEHEM, JOBOIH 10 CTPYKTYPHHUX IIPOMEHA Y
HpallKacToM MaTepHjally ¥ yTuue Ha ciefiehe mporiece npepajie Kao 1TO je TepMUYKK TPETMaH.

(ITpumsbero 20. hebpyapa, peuupano 14. aBrycra 2002)
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