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The Influence of High Pressure
on the Properties of Natural Alumino-silicates
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Abstract: The effect of the application of high-pressure (up to 12 GPa) on natural alumino-
silicates has been studied. Chemical and mineral compositions and thermal behaviour have
been analyzed of two samples of alumino-silicates. Results obtained indicate that the
application of high pressure causes notable changes. A particularly significant one is the
formation of amorphous phases on account of crystalline phases. An amorphous layer formed
on particle surfaces with its diverse physical, mechanical, chemical, and other properties,
especially over a long period of time, can influence the processes provoking or activating land
slides or soil settlements. This enables derivation of many new materials with entirely new
properties important for use in the ceramic and brick industries.
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Pesiome: B ganHoH pabore IPOBENCH aHAIH3 BAHAHHA XOJOJHOIO CIICKAHHS. T.€. BIHIHHS
BBICOKHX JaBJdeHHH Hpeccopamysg Jo 12 [1la Ha wH3MeHHE CBOHCTB IpPHPOJHBIX
ATOMOCHIHKATOB. TIpoBejeHo HecaefOBaHiHe XHMHICCKOTO H MHHEPATIOTHIECKOIO COCTaBA H
TEPMHYECKOrO MOBEJCHHS ABYX O00pAasfoB [PHPOAHBIX AJIIOMOCHIHKATOB H3 PasIHYHbIX
Mecropoxperud. TlosydeHHbIE pe3yabTaThl MOKa3bIBAIOT. 9TO IMOJ JCHCTBHCM BBICOKHX
JAaBICHAH HPOHCXOAST H3MCEHEHHA, OCOOCHHO 00pasoBaHHe AaMOp@HBIX (a3 3a cyeT
xpucrammrdeckux. O0pa3oBaHHBIN HA IIOBEPXHOCTH YacTHI AMODQHBIH CJTOH CBOHMH (DH3HKO-
MEXAHHICCKHMH, XHMHYECKHMH H JPYIHMH CBOHCTBAMH MOXET 4epe3 JIHTCIbHBIA HepHOI
ACHCTBHS IOBJIHATS HA IPONECCHI BOZHHKHOBCHHA H aKTHBHPOBAHHA OIOJ3CHEH H OCCHaHHA
10YBbL. TakuMm ke crioco60M BCKPBIBACTCS BOSMOXHOCTS HOJIYUCHHS DAJA HOBBIX MaTEPHAJIOB
¢ HOBBIMH CBOHCTBaAMH BAXHBIMH JUIS KEPAMHUCCKOH H KHPITHYHOH IIPOMBIIIITEHHOCTH.

KnroyeBbie cnoBa: XoJIoqHOE CHEKAHHE, IPHPONHLIN ATIOMOCHIHKAT, BHICOKHE JAaBICHHSI,

amMoppHbIc (assl.

Cagpixaj: Y oBom pafy aHanusnpad je yTuyaj x/1agHor CUHTepoBama, Tf. yTulaj BUCOKUX
nputucaka rnpecoBara o 12 GPa Ha npoMeHe cBojcTaBa MpupogHUX anyMmocuvkara.
U3BpLUEHO je mncnuTuBarse XEeMUJCKOr ¥ MUHEePOJIOLIKOr cacrtaBa ¥ TEPMUNYKO [OHALLIame
ABa y30pKa npupogHuX aliyMocunukarta ca ABe pas3fmyaute rokauuje. Pe3ynratu nokasyjy
4a [ernioBarbe BUCOKUX NpUTHCaKa 13asvBa 3HaqajHe npoMeHe, of Kofux je of nocebror
3Hayaja HacTajarbe aMopHUX hala Ha padyH KpucTanaHnx. Popmupann amopHN Coj Ha
rOBPLUMHN HecTulja CBOUM Pa3HOBPCHUM (DU3NYKO-MEXAHUYKUM, XEMUJCKUM . [pYruM
cBojcTBMMA, MOCEBHO KPO3 [AyMW BPEMEHCKW Nepuog, MoXKe pga yTude Ha fpoilece
HacTajara M akTuBupara KAW3uwTa v cnerama Tra. Takohbe, Ha 0Baj Ha4YMH ce oTBapa
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MOryhHOCT fobwjarba 44TaBOr HU3a HOBUX MaTtepujana ca CacsyM HOBMM CBOjCTBMMA O
3Hayaja 3a KepaMu4apcKy M OneKkapcKy UHAYCTPuy.

KrbyyHe pedu: XiafHO CUHTEpOBAMHE; MPUPOAHU allyMOCUNVKATH, BACOKU [PUTUCLY,
amopcpHe pase.

Introduction

Modern research [1-3] has shown, that high pressures lead to mechanical and
chemical processes. The energy released from friction, due to low thermal conductivity of the
material, leads not only to a local temperature increase, but also to the formation of a state of
mixed ions and electrons, i.e. plasma [4]. Battaglia's tests [5] demonstrate that mechanical and
chemical processes on quartz surfaces form a surface layer of amorphous SiO; that is detected
by a decrease in the reflection intensity of the characteristic X-ray diffraction maxims.

The greatest source for production of various materials is the Earth's crust. Nearly
half of the Earth's crust consists of silicate minerals, aluminium silicates in particular, such as
kaolinite, montmorillonite, feldspars, etc. Natural alumino-silicates have been mostly studied
for their use in ceramic or brick industry, which included testing of temperature variations and
the application of low pressure.

Data on the behaviour of silicate materials under high pressure is scanty, and data
published is fairly new and mostly refers to testing pure samples synthesized in a laboratory
[6]. This work considers the properties of natural alumino-silicate materials subjected to high
pressures.

Experimental method

Two samples of natural alumino-silicate materials (natural clays) were tested. The
samples were first dried at temperatures up to 105°C and then fractionated on sieves. Size
fractions of less than 0.1 mm were used for testing. A spectrographic analysis was performed
of the prepared samples.

The samples were pressed in two stages. Samples in a powder form were pre-pressed
under 0.5 GPa to form cylindrical pellets of 1.0 cm in diameter and 1.0 cm high. Two pellets
at a time were pressed under 12 GPa.

Thermal testing of samples before and after pressing consisted of differential thermal
analysis (DTA). Samples were heated in air atmosphere from room to the temperature of
980°C, using a Du Pont 1090 Thermal Analyzer.

Samples were X-rayed before and after pressing and after heating in an automatic
X-ray powder diffractometer (Philips model PW-1710). A fine focus Cu anode, K, radiation
of 1.54060 A wavelength and a Xe rate counter were used. For measurement of the angles of
diffraction maxims and their respective intensities, the basic PW-1877 programme was used.

Results and discussion
The chemical composition of tested samples, obtained by spectrographic analysis, is

given in Tab. L. It was used to determine the percentage composition of minerals and is shown
in Tab. IL



Tab. I Chemical composition of investigated samples.

Sample Si0; ALO, Fe,0; P,0s K,O Na,O CaO MgO 505
% % % % % o %o % %

78.00 11.27 3.65 0.11 1.97 1.37 2.17 1.18 0.15

2 70.34 15.10 5.94 0.14 2.36 0.15 1.13 1.98 0.36

Tab. II Mineral composition of investigated samples.

Sample Quartz Kaolinite | Na-feldspar | K-feldspar Fe, O3 CaCO;, MgCO;
% % % %o %o % %
78.00 11.27 3.65 0.11 1.97 2.17 1.18
2 70.34 15.10 5.94 0.14 2.36 1.13 1.98

Differential thermal analyses indicate complex changes in the material caused by high
pressures. Endothermic and exothermal changes are particularly visible.

DTA curves (Figs. 1 and 2) of samples 1 and 2 of natural silicate materials (natural
clays) before and after pressure application indicate endo- and exo-processes and phase
transformations, which are identified on thermographs by numbers from 1 to 5:
| - endothermal broadly developed minimum that is attributed to moisture and adsorbed water
release, 2 - broadly developed exothermal maximum that characterizes the process of
oxidation of some components and combustion of the likely present organic matter, 3 - barely
noticeable endothermic process of hydration water release, 4 - distinct reverse phase
transformation of quartz (B-SiO; < a-Si0,), 5 - weak endothermic process of CaCO; calcite
decomposition in sample .1 and absence of this process in sample 2 due to its low content.
Consequently, these processes are more or less distinctive, depending on chemical and
mineral compositions of the material.
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Fig. 1 DTA thermograph of sample 1 subjected Fig. 2 DTA thermograph of sample 2 subjected
to pressures of 0 and 12 GPa. to pressures of 0 and 12 GPa.

DTA of sample 1, before and after pressing to 12 GPa, indicates that the temperature
of the adsorbed water release process (peak 1), oxidation process (peak 2), and CaCO;
decomposition (peak 5) increases (peak 1 from T = 127 to 143°C, peak 2 from T = 325 to
400°C, peak 5 from T = 765 to 790°C). This phenomenon can be explained by a better particie
sorting in the sample subjected to pressures up to 12 GPa than in the un-pressed sample.
Unlike this phenomenon, the temperature needed for the hydration water release process
(peak 3) decreases with growing pressure from T = 550 to 525°C. The temperature of reverse
quartz-SiO, phase transformation (peak 4) is unchanged under high pressures, T = 586°C,
indicating a stable process-phase transformation.
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The described occurrences are documented by DTA thermographs for sample 2. The
temperature of the adsorbed water release process (peak 1) and the oxidation process (peak 2)
increases with rising pressure (peak | from T = 139 to 154°C; peak 2 from T = 335 to 355°C),
and the temperature needed for hydration water release (peak 3) decreases from T = 550 to
540°C. The temperature of the quartz-SiO, phase transformation (peak 4), like in sample I,
remains unchanged, T = 586°C.

Besides the temperature deflections of endo- and exo-processes, with the rising
pressure both samples demonstrate more prominent peaks of these processes than before
pressing.

X-ray analysis was performed to determine structures and mineral compositions of
the samples. The diffractograms obtained are given in Figs. 3 and 4, which show reflection
maxims of the components (numbered 1 to 16) and respective angles of reflection, 26:
1 - Montmorillonite 6% 2 - Mica 9°, 3 - Kaolinite 12-13° 4 - Feldspar 14°; 5 - Mica 18
6 - Quartz 21°; 7 - Quartz 27°; 8 - Feldspar 27-28°% 9 - Feldspar 28°; 10 - Quartz 29-30°; 11 -

Mica and Kaolinite 35°%; 12 - Quartz 36-37°.
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Fig. 3 X-ray diffractogram of sample 1: a) under Fig. 4 X-ray diffractogram of sample 2: a) under
pressure of 0 GPa; b) after firing at 980°C; pressure of O GPa; b) after firing at 980°C;
c¢) under-pressure of 12 GPa. ¢) under pressure of 12 GPa.

A comparison of diffractograms of samples 1 and 2 for their states before pressing,
after pressing under 12 GPa, and after firing at 980° show notable effects of high pressures
and firing on the quantitative content of certain components, and consequently the quality.

X-ray analysis of unfired and fired to 980°C samples 1 and 2 shows thermal
instability of some components. In addition to the known decomposition of calcite-CaCOs and
other carbonates at about 800°C, some crystal structures also decompose while new
amorphous components are formed. Samples fired to 980°C reveal an essential change in the
crystal composition: montmorilionite (peak 1), mica (peaks 2, 5), kaolinite (peaks 3, 12),
feldspar (peaks 4, 9, 10) and calcite (peak 11) have almost disappeared (Figs. 3 and 4).

The changes noted in X-ray diffractograms of samples I and 2, before and after the
high-pressure effect, are similar to those resulting from firing. Some components (minerals)
get transformed under high pressures from a crystalline to amorphous state. Tab. III gives
relative intensities of some mineral reflections in relation to the applied pressure for each
sample separately.
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Tab., III Sample 1 - Relative peak heights for the following reflection angles 26:
1 - Montmorillonite 6° 2 - Mica 9°; 3 - Kaolinite 12-13°; 4 - Feldspar 14°; 5 - Mica 18°%; 6 - Mica and
Kaolinite 20° 7 - Quartz 21°; 8 - Quartz 27°; 9 - Feldspar 27-28°; 10 - Feldspar 28°; 11 - Calcite 29-30%;
12 - Mica and Kaolinite 35°% 13 - Quartz 36-37°% 14 - Quartz 39-40°; 15 - Quartz 42-43°; 16 - Quartz

46° and pressure, P.

p Relative peak height (mm)

(GPa) | 1 1 2 13141516 7 8 9 10 |11 1121311415116
0 27 {46 |24 11623 115]| 240 | 310 | 108 | 112 |20 |15 |86 |74 | 70 | 47
12 0 |11 |6 | 8|5 |14]220 (310] 20 | 70 {7 |7 [58]|52{40]30

Tab. IV Sample 2 - Relative peak heights for the following reflection angles 26:
1 - Montmorillonite 6% 2 - Mica 9°, 3 - Kaolinite 12-13°; 4 - Feldspar 14° 5 - Mica 18°% 6 - Mica and
Kaolinite 20°; 7 - Quartz 21°; 8 - Quartz 27°; 9 - Feldspar 27-28%; 10 - Feldspar 28°; 11 - Calcite 29-30°;
12 - Mica and Kaolinite 35°; 13 - Quartz 36-37°; 14 - Quartz 39-40°% 15 - Quartz 42-43°; 16 - Quartz
46° and pressure, P.

P Relative peak height (mm)

(GPa) | 1 2 13141516 7 8 9 10 [ 11 (12113114 [15]16
0 45 {46 |21 | 13117 1241170 | 280 | 14 | 83 | O {21 [43 |35 |41 23
12 O {23711 ]10]12 |28} 121 {280 | 10 | 80 | O | 9 | 50|32 ]34 ]2l

The obtained test results indicate, that for natural alumino-silicate materials (natural
clays) under the influence of high pressure, a number of components change structurally. This
allows derivation of many new materials that will have new properties usable in (ceramic,
brick, etc.) industries. The rising pressure level leads to an increased layer of the amorphous
phase on particle surfaces, and this further to a growth of the water-sorption capacity. A
higher amount of sorption water in the amorphous phase renders, by its various chemical,
physical and mechanical and other properties, the given material less viscous, or more fluid
and liquid. Some of the data suggest that under natural conditions of not so high pressures, but
over a long period of time, the amorphous phase increases a lot in certain soil layers and the
increased water-sorption causes greater or smaller soil mobility (sliding or settling).

Conclusion

Differential thermal analysis (DTA) and the X-ray analysis data obtained indicate,
that mechanical and chemical processes occur in the tested natural alumino-silicates under the
influence of high pressures.

The DTA method reveals complex changes, including deflection of the phase
transformation temperature, in tested samples before and after pressure application within the
temperature range from room temperature to 980°.

X-ray analysis shows that pressure levels up to 12 GPa provoke great changes: alter
the mineral composition, form new alumino-silicate phases, of which amorphous phases on
account of crystalline phases are particularly important. The growing quantity of the
amorphous phases increases the sorption capacity for water and other fluids, thus making the
material less viscous, or more mobile.
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