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General introduction

The main motive that triggered many ideas of sand examination, is the abundance of huge amounts
of sand in earth's crust, this sand is chiefly composed of quartz and other minerals, such as sand rocks,
igneous rocks and Sedimentary rocks. 1 Many of these minerals are tightly related to numerous
human activities, and some of their properties only came to our knowledge after studies conducted in

research centers and international universities laboratories.

The results found by researchers in countries like Libya, Egypt and Tunisia have shown the presence
of mutual properties among earth's crust minerals. M those properties are of a significant
correspondence to the geographical location.

Quartz has a wide range of applications, and is considered a corner stone of many industries, for
instance, building materials, thermal rocks, anti-humidity rocks and clean energy equipment. The
marked quality transformation in building materials in both Egypt and Tunisia was essentially due to
the studies on natural resources (generally) and quartz (specifically) utilization. Quartz is also a

crucial component in electronics industry.

Silica sand is mostly comprised of silicon dioxide (Si0,) along with small amounts of impurities and
other minerals oxides, also is it covers vast areas of earth's surface. [ The deserts around the world
possess enormous amounts of minerals and natural treasures, dunes in south of Algeria has been the

focus of many geological studies where only the creation and evolution of sand mattered.

Previous studies that aimed to identify sand in the south of Algeria , showed the existence of a high
quartz (Si0,) content percentage. These results were so encouraging to conduct other studies in
various regions in the south of Algeria. The study of sand minerals chemical and physical properties
in Algeria is very important due to its potential applications in many industries, for instance, building

materials, glass making, energetics and medicine.

For the sand in Algeria to be used in future application, it has to be fully identified. This thesis is

one of the first attempts to study EI-Oued's sand. this study was divided into three chapters as follows:

The first chapter is concerned with the general notions of sand, and in it we discussed the definition
of sand, and also presented some of its chemical and physical properties, As well as its importance to

our modern industry.

The second chapter was dedicated to explain the samples gathering, the basics of the experimental
methods and instruments used in the examination of sand samples. The methods covered in this

chapter are X-Ray diffraction and FTIR (Fourier-transform infrared spectroscopy).
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The third chapter was for the presentation and discussion the results of both FTIR and the XRD

analysis.

Finally, this thesis was ended with a conclusion in which summarized the results and opened a new
research door.



Chapter |

General notions on sand



CHAPTER | : GENERAL NOTIONS ON SAND

I-1-Introduction

For the sake of a better understanding the interest of sand this chapter will discuss the definition of
sand, and also present its chemical and physical properties, As well as its importance to our modern

industry.
I-2-Sand definition:

Sand refers to solid inorganic particles that are derived from the weathering of rocks. In geology,

sand is defined as mineral particles with diameters between 62.5 and 2000 um 11,

It is conventional too to think of sand as something that is broken down from a larger mass of bedrock.
However, from the viewpoint of sand being particles of a given size or, dune-forming material in
general, this perspective is somewhat parochial. Snow forms dunes, yet is crystallized in the air from
water vapor; Titan’s sand may start in a similar way, perhaps agglutinated somehow on the surface.

So material can grow into sand, not just be broken down into it [,

Figure 1.1: Dunes on Titan seen in Cassini’s radar (a) that are similar to Namibian
sand dunes on Earthl®! (b).
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1.3 Global Distribution of Sand Seas:

The location of the world’s major active sand seas is shown in Figure 1.2. Many of these sand seas

have large areas of stabilized dunes on their margins. [°!
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Fiaure 1.2: Global Distribution of Sand Seas®.

| -4-The chemical and physical properties of sand:

I -4-1- The chemical composition of sand:

Sand is mainly comprised of Quartz (SiO2), Calcium carbonate (CaCOs3), Gypsum (CaSQs , 2H20),
small amounts of impurities and heavy metals, Iron (111) Oxide (Fe2O3) and Aluminum oxide (Al203).
The table below presents chemical compositions of sand, and the mass percentage of each compound

in given samples taken from various regions around the world (table 1.1). [*]

Table 1.1:The Chemical analysis of sand samples taken from various regions around the world! (2%l

Oxides Mass Percentage (%)
The Thar Arabian | Australia | Vizcaino Desert, El-Oued
Region Grand Desert | Peninsula. Mexico Region
Erg (India) (Algeria)
(Algeria)

SiO2 74.61 80.37 83.42 88.37 71.38 97.63
Alz0O3 1.35 5.53 5.12 6.46 14.24 0.327
Fe203 0.86 2.10 0.64 3.09 1.92 0.042

CaO 17.3 4.60 4.06 0.15 4.74 0.56
Na.O 1.20 0.11 3.52 0.54
MgO 0.29 0.97 2.4 0.22 0.94 0.61
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| -4-2- Sand grains:

I-4-2-1-Sand grains sizes:

According to the geological categorization, a sand grain have between 62.5 and 2,000 um diameter,

which means its smaller than gavel and larger than silt (table 1.2) 21

Table 1.2: Different particles sizes and names !

Name Grain diameter
Gravel 2—64 mm
Granule 2—4 mm
Sand 1/16 — 2 mm
Silt 1/256—1/16 mm
Clay <1/256 mm

I-4-2-2- Sand Grains Morphology:

Once sand grains were observed by microscopes shape related terms like spherical, cylindrical or
sheet-like came into usage. However, these terms needed to be quantified. Haakon Wadell (1935) (]
came up with a simple method based on the shape and roundness of sand grains determined through
two-dimensional photographs taken by microscopes. Hakon wadell defined roundness as the ratio of
the average radius of curvature circles inscribed within corners on the grain to the radius of the
maximum inscribed circle within the entire grain. And shape as the ratio of the cross-sectional area
of the grain to the smallest circumscribed circle. This results a maximum value for both shape and
roundness equals to 1. circumscribed circle. This results a maximum value for both shape and

roundness equals to 1. [7]

Figure 1.3: A drawing shows the necessary measurements to calculate both the shape and
roundness ratios (the dimensions are given in millimetres) [¢1,



The chart below (Figure 1.4) is used to classify sand grains according to roundness and shape.

Roundness Very Sub- Sub- Rounded Well
classes Angular  AN9YET Ligular  rounded Rounded

High Sphericity

Low Sphericity

Roundness A S < S A
Indices 0.25 0.35 0.49 0.70 1.00

Figure 1.4: Chart for estimating the roundness based upon comparisons with particles of
known roundness. 7]

I-5-The uses of sand in modern Industry:

I-5-1-Industrial Sand:

Industrial sand is a term normally applied to high purity silica sand products with closely controlled
sizing. For industrial and manufacturing applications, deposits of silica yielding products of at least
95% SiO; are preferred. Silica sand deposits are most commonly surface-mined in open pit operations
(8] but dredging and underground mining are also employed. Extracted ore undergoes considerable
processing to increase the silica content by reducing impurities. It is then dried and sized to produce

the optimum particle size distribution for the intended application. %]
I-5-2-Filtration and Water Production:

Tap water filtering and wastewater management both pass through a complex route of cleaning and
filtering, which is aided by the use of industrial sand. Uniformity in grain shapes and grain size
distributions allows a safe and efficient bed operation to remove contaminants in both drinking water
and wastewater (8. Silica is also the perfect filtration and water production material because it is
chemically inert and will not react to acids. [°! It does not react to volatile organics, solvents, or any

contaminant.



1.5.3-Glass production:

In the production of glass, there is both the need and requirement for silica to be chemically pure
(composed of over 98% SiO>), of the appropriate diameter (a grain size of between 0.075 mm and
1.18 mm), and color (must contain between 0.025% and 0.04% Fe,Q3) [8l. These requirements are
extremely specific and technical; and this is because the silica must be hard, able to resist high

temperatures, and maintain a consistent appearance as a finished product.
1.5.4-Metal Casting:

Industrial sand is an essential part of the ferrous and non-ferrous foundry industry. Metal parts ranging
from engine blocks to sink faucets are cast in a sand and clay mold to produce the external shape, and
a resin bonded core that creates the desired internal shape. Silica’s high fusion point (1760°C) and
low rate of thermal expansion produce stable cores and molds compatible with all pouring
temperatures and alloy systems [, Its chemical purity also helps prevent interaction with catalysts
or curing rate of chemical binders. Following the casting process, core sand can be thermally or
mechanically recycled to produce new cores or molds.

1.5.5-Oil and Gas Recovery:

Known commonly as proppants, or "frac sand,” industrial sand is pumped down holes in deep well
applications to prop open rock fissures and increase the flow rate of natural gas or oil. In this
specialized application round, whole grain deposits are used to maximize permeability and prevent
formation cuttings from entering the well bore [1%, Silica’s hardness and its overall structural integrity
combine to deliver the required crush resistance of the high pressures present in wells up to 2,450

meters deep. Its chemical purity is required to resist chemical attack in corrosive environments.
1.6 - The silica minerals:

The silica minerals, with an overall composition SiO2, include many polymorphs Quartz is the most
common member, occurring both in a trigonal low-temperature form (a-quartz) and a hexagonal high-
temperature form (B-quartz). Other important silica polymorphs are B-tridymite, B-cristobalite,

coesite and stishovite. The stability fields of some silica polymorphs are shown in (Figure 1.5) 4,
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pressure [ GPa]

Silica Melt

200 400 1000 1200 1400 1600 1800 2000
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temperature [°C ]

Figure 1.5: The stability fields of some silica polymorphs 14

From all the silica minerals shown above, this part focuses only on quartz because of its high presence

in sand, and specifically a-quartz.

The mineral a-quartz comprises about 13% of the earth’s crust and is the second most abundant
mineral. the structure of quartz consists of an infinite three-dimensional framework of linked SiO4
tetrahedra (Figure 1.6). [*2 Each corner of a tetrahedron is shared with another one and we can only
count it as one half per tetrahedron, resulting in an overall oxygen content of 4 x 1/2 = 2 and one

silicon per tetrahedron, i.e, a molecular composition SiO,. (1]

:(S)i

Figure 1.6: three-dimensional framework of linked SiO4*. [13]

10
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1.6.1- General Properties of quartz:

1-Mohs Hardness:

Hardness Scale is defined loosely as resistance to indentation or abrasion. Quantitative tests for
hardness can be made under a microscope using a diamond indenter and are an important part of the
mineralogy of opaque ore minerals. The average geologist studies merely relative hardness, expressed
by the resistance offered by a smooth surface of a mineral to scratching by a sharp edge on a material
of known hardness. Around 1800 the German mineralogist Friedrich Mohs devised a relative scale
that compares the hardness of some standard minerals (Table 1.3) and this scale is still used

universally. 14

Table 1.3: Moh's hardness scale 11

Talc Gypsum Calcite | Fluorite | Apatite | Feldspar | Quartz Topaz Corundum | Diamond
MgsSisO10(OH)2 | CaS0O,4:2H,0 | CaCO3 | CaF, SiO2 | Al,SiO4(F,0H), Al>,03 C
1 2 3 4 5 6 7 8 9 10
2-Cleavage:

Cleavage is used to describe the planes within a mineral with weak bonding. A mineral can easily be
split along these planes and cleaves/breaks into specific shapes (Figure 1.7) based on the mineral
structure. [1*We describe cleavage based on how well the mineral cleaves. Perfect cleavage occurs if
the mineral breaks into continuous planes that are smooth enough to reflect light. Quartz basically has

no cleavage. (11

Figure 1.7: Examples of cleavage in minerals. (a) Single cleavage causing a crystal to break up
into flakes as in mica [*%]

11




3-Fracture:

Many mineral crystals (e.g., quartz) show only poorly defined cleavage or none at all. When such
crystals are struck they break on generally irregularly oriented curved surfaces decided more by the
stress distribution in the crystal at the time of rupture than by the atomic, Quartz however has
conchoidal fracture. [

4-Color:

The color of a mineral as directly observed can be so characteristic as to be an important aid in
identification, but it can also be misleading. Most minerals, even the rock-forming silicates in which
isomorphous series are present, can show a bewildering variety of colors. In general, color by itself
is insufficient to permit identification, but it can be useful when taken together with other properties.

Quartz occurs in many colors depending on the nature of the impurities it contains. [14]
5-Streak:

Many minerals show a characteristic color when reduced to a fine powder, regardless of the color
they show in a bulk specimen. An example is hematite, which can range from red to metallic gray in
hand specimens but always produces a dark red-brown powder on grinding. This property is called
streak. [14]

6- Luster:

The term luster is used to describe the character of the light reflected from the surface of a mineral
and depends on the refractive index. Terms in common use refer the luster of a mineral to that of
some common material (e.g., metallic luster, waxy luster, earthy luster, and so on). The main division

is into metallic and nonmetallic and the latter can have many different expressions. [1°1[11]

The luster of some minerals is as follows:

Table 1.4: The luster of some minerals. (1]

Metallic Submetallic | Adamantine Resinous Vitreous Earthy

silver magnetite diamond gypsum quartz graphite

The table Below (Table 1.5) sums up the most important properties of quartz.

12



CHAPTER | : GENERAL NOTIONS ON SAND

Table 1.5: The general identification points for quartz [11]

Property Value

Chemical Formula SiO2

Hardness 7

Luster vitreous

Streak white

Cleavage none

Fracture conchoidal
Crystal System trigonal, hexagonal

Specific Gravity (g/m?) 2.65

clear, white, red, orange, yellow, green, blue, purple, brown,

Color Lok

Index of Refraction 1.544 - 1.5553
a=4.913A

Unit cell dimensions b= 49134 "
¢ = 5.405A

13
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1.6.2-From Beta-Quartz to Alpha-Quartz:

The hexagonal B-quartz exists only above 573 “C. Upon cooling, tetrahedra become tilted, resulting
in a less symmetrical trigonal structure (a-quartz) (Figure 1.8). This transformation involves only
slight displacements of atoms, with no breakage of bonds, and is therefore instantaneous and

reversible. [15]

a-quartz

B-quartz

Figure 1.8: From B-quartz to a-quartz
1.7.1-The optical properties or quartz:

1-Birefringence:

Like many other minerals, quartz shows a very interesting property called birefringence or double
refraction. This phenomenon is well known from calcite: when a clear calcite rhombohedron is put
on a newspaper, one can see a double image of the letters. A single ray of light is split up into two
rays while it passes the rhombohedron. Birefringence is present in many crystallographically non-
isometric (non-cubic) materials and is absent from amorphous materials, isometric (cubic) minerals,

and liquids. (141151

Figure 1.9: Birefringence 14

14
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The optical axis in quartz corresponds to the c-axis of the unit cell, so there is no birefringence when
light passes the crystal from tip to tip. The maximum birefringence occurs when the light passes
perpendicular to the optical axis (Figure 1.10 with the amount of birefringence greatly exaggerated).
Light that passes the crystal along the c-axis will also not be split into two rays of opposite
polarization. (4]

c-axis
4 =3 e
= :‘:»?__r_.—;——:_—_—__i S . L -~
o T g =
| P
o
o '\_:\‘- -/./

Figure 1.10: Birefringence and Polarization 4]

2-Dispersion

The coefficient of dispersion is a measure of how much the refractive index of a substance depends
on the wavelength of the light. Quartz has a low coefficient of dispersion and thus cannot be used as
a diamond imitation. In optical apparatus dispersion needs to be kept as low as possible, for example
to avoid chromatic aberrations of a camera lens. Note that dispersion is not a phenomenon confined
to anisotropic crystals, it can be observed in isotropic crystals and non-crystalline substances as well,

for example ordinary glass, or water (causing the rainbow). [15]

The following table (Table 1.6) of refractive indices for both the ordinary no and the extraordinary
ray ne, with colors given instead of wavelengths:

Table 1.6: Indices of refraction for both the ordinary no and the extraordinary ray ne

Red Yellow Green Blue Violet
No 1.5409 1.5442 1.5471 1.5497 1.5582
Ne 1.5499 1.5533 1.5563 1.5589 1.5677

15
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3-Dichroism

A transparent substance whose color depends on the direction of the light passing through it is
called pleochroic. If it changes between two colors it is called dichroic '3, Pure quartz is colorless

and cannot be dichroic, but some of its colored varieties show a weak dichroism:
natural citrine: yellow/bright yellow

smoky quartz: yellow-brown/red-brown

amethyst: gray- or blue-violet/red-violet

ametrine: only the amethyst sectors: gray- or blue-violet/red-violet

prasiolite: yellow-green/blue-green

4-Piezoelectricity

In 1880, Pierre and Jacques Curie observed that a pressure exerted on a small piece of quartz caused an
electrical potential between deformed surfaces (Figure 1.11), and that application of a voltage effected

physical displacements. Thus, the piezoelectric (or pressure electric) effect was discovered. [*7]

1111 11111

-0.6. .0.0. .6.

+++++++ -+ +++ ++++++++ 4+ 4+

frti1 rfTt111

Figure 1.11: The electrical potential between deformed surfaces %]
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I-7-2-Applications:

There are all kinds of situations where we need to convert mechanical energy (pressure or movement
of some kind) into electrical signals or vice-versa. Often we can do that with a piezoelectric
transducer. In ultrasound equipment, a piezoelectric transducer converts electrical energy into
extremely rapid mechanical vibrations, so fast, in fact, that it makes sounds, but ones too high-pitched
for our ears to hear. These ultrasound vibrations can be used for scanning, cleaning, and all kinds of
other things. In a microphone, we need to convert sound energy (waves of pressure traveling through
the air) into electrical energy, and that's something piezoelectric crystals can help us with. Simply
stick the vibrating part of the microphone to a crystal and, as pressure waves from your voice arrive,

they'll make the crystal move back and forth, generating corresponding electrical signals. [*7]

In aquartz clock or watch, the reverse-piezoelectric effect is used to keep time very precisely.
Electrical energy from a battery is fed into a crystal to make it oscillate thousands of times a second.
The watch then uses an electronic circuit to turn that into slower, once-per-second beats that a
tiny motor and some precision gears use to drive the second, minute, and hour hands around the
clock-face. Also some printers inkjets squirt their syringes using electronically controlled
piezoelectric crystals. 7]
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CHAPTER Il: SAMPLES GATHERING AND EXPERIMENTAL METHODS

I1-1- Introduction:

This chapter is dedicated to explain the basics of the experimental methods and instruments used in
the examination of sand samples. The methods covered in this chapter are X-Ray diffraction (XRD)

and Fourier-transform infrared spectroscopy (FTIR).
11-2- The samples gathering:

The sand samples were taken from regions in Algeria/El-oued province (figure 11.1). The samples
S1, S2 and S3 were picked from dunes located in the south of the EI-Oued area and sample S4 from

the north of EI-Oued region (figure 11.2).

Ma\io"'ca ;

SierraMorena Mountains : SElvissa(Ibiza)

Figure 11.1: The location of El-oued province in Algeria

Both the dunes and the region are perfectly located by the following coordinates:
S1(33°8'31.18"N, 6°51'12.42""E) S2 (33°8'28.93""N, 6°51'15.37"'E)

S3(33°8'34.02""'N , 6°51'15.74"E) S4 (33°42'36.96"'N , 6°33'53.00""E)
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Figure 11.2: (a) The location of the region where S4 was picked and (b) the locations of the
dunes that the samples S1, S2 and S3 were taken from as viewed by google earth.

These regions were carefully chosen to be away from any industrial contamination, and here are

photos (Figure 11.3) for the samples locations to support our claim.

S1

Figure 11.3: Actual photos of the regions and dunes where the four samples
were picked.
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11-3- Experimental methods:

I1-3-1-Fourier-transform infrared spectroscopy (FTIR):

The Analysis of infrared spectra can tell us what molecules are present in a sample, 2% this is why
infrared spectroscopy is useful. There are several types of infrared spectrometers in the world, but the

most widely used one is FTIR (Fourier Transform Infrared), which is the focus here. 1]

11-3-1-1- Infrared theory:

Naturally all molecules vibrate according to their vibration modes, but with very small amplitudes. If
a photon frequency matches the vibration frequency of the molecule, then the molecule will respond
to its oscillation. In other words, if a photon has just the necessary energy to take the molecule to a

higher excited state (figure 11.4), then it will get absorbed, and its energy will be transformed into

vibrational energy. 2%

hin h
AT . VAW,
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U
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Figure 11.4: A molecule's energy levels excited by a photon

The only photon that can be absorbed is the one of energy hvz, that is equal to the transition energy
(E2-E1). The absorbance of photons by the molecules leaves a trace on the transmittance spectrum
(absorption band). Each frequency at which this absorption happens is characteristic to the molecule

structure. [18]

11-3-1-2-Types of Molecular Vibrations:

1- Stretching or bonding vibrations:

In this case only the bonds lengths alter. this type can be subdivided into symmetric and anti-

symmetric stretching (Figure 11.5) [0
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N~ N~

Figure 11.5: symmetric and asymmetric stretching 1]

2- Bending or deformation vibrations:

This type Alters the bond angles, while the bond lengths remain unchanged, they can be subdivided
into in-plane and out-of-plane modes, these modes are often referred to as twisting, wagging, and
rocking vibrations. (Figure 11.6) 211

Symmetric Antisymmetric
+ +
Rocking (In-plane) Wagging (Out-of-plane) Twisting (Out-of-plane)

Figure 11.6: Bending vibrations [2%]

11-3-1-3- The electromagnetic radiation absorption:
The electromagnetic radiation is composed of electric and magnetic waves called the electric vector
and the magnetic vector. These two waves undulate in planes mutually perpendicular to each other,

and move through space in a third direction perpendicular to the planes of undulation. It is the
22
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interaction of the electric vector with matter that leads to the absorbance of the EM. Each absorption
range of the electromagnetic radiation corresponds to a certain electronic transition or molecular

movement (Table 11.1). [18]

Table 11.1: A part of the electromagnetic spectrum [18]

Visible & UV Near IR Mid-Infrared Far Infrared | Microwaves

>14,000 cm™ | 14,000 to 4000 cm™* | 4000to 400 cm™ | 400to 4 cm™t <4cmt
Electronic Molecular Molecular Molecular Molecular
Transitions Vibrations Vibrations Vibrations Rotations

11-3-1-4- Infrared instrumentation:

At the heart of every FTIR is an optical device called an interferometer. A diagram of an
interferometer is shown in Figure 11.7. interferometer or “interference meter,” measures the
interference pattern between two light beams. The light from an infrared source is shown entering the
interferometer from the left in Figure 11.7. The interferometer splits the single light beam into two
light beams. The interferometer then causes the two light beams to travel different paths, which are
denoted D1 and D2 in Figure 11.7. After the two light beams have traveled their different paths they
are recombined into one beam, and then the light beam leaves the interferometer. [191120]

I
Light beam in 1 Light beam out
—l M
Interferometer —/

\ >
Path D,

Figure 11.7: Interferometer [18]

There are a number of interferometer designs used by FTIR manufacturers. The oldest and perhaps
the most common type of interferometer in use today is the Michelson interferometer. It is named
after Albert Abraham Michelson (1852-1931) (Figure 11.8) who first built his interferometer in the
1880s. 2]
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Infrared Collimating
source IR beam \wror
Beamsplitter j«
Detector ﬂ P ’ \ i
” ‘ Moving
Sample I mirror
—

Fixed mirror

Figure 11.8: Albert Abraham Michelson interferometer [1€]

11-3-1-5- The Infrared spectrum:

The infrared spectrum is a plot of measured infrared light intensity versus a property of light is called
an infrared spectrum. An example of an infrared spectrum is shown in Figure 11.9. By convention
the x-axis of an infrared spectrum is plotted with high wavenumber to the left and low wavenumber
to the right. Note in Figure 11.9 that 4000 cm™ is to the left and 500 cm™ is to the right, and that the
spectrum is plotted in transmittance units, which measure the amount of light absorbed by a sample.
As you can see in the figure the peaks point up and their tops denote wavenumbers at which significant

amounts of light were absorbed by the sample. [20]

T

709

% Transmittance

S0 1

SO0 3500 FO0 2500 200 1 500 130 S0
Wavenumber

Figure 11.9: Infrared transmittance Spectrum
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11-3-2- X-ray diffraction (XRD):

11-3-2-1- A brief history:

The notion that crystals have a lattice-based structure and that the basic building block is the unit cell
was introduced in the eighteenth century. At that time the analysis of crystals was based on
visual inspection, on detailed examination with a hand lens or at best a light microscope. However,
visible light, with wavelengths between 400 and 700 nm, is far too coarse a probe to investigate
crystal structures where information is on the scale of atoms and interatomic distances, i.e,1-5 A (1
A ° = 0.1 nm). 22 However, in the early twentieth century new techniques were developed to study
crystal lattices, providing a tool for determining structural parameters and largely confirming the
concepts about unit parallelepipeds, lattice structure, and symmetry suggested more than 100 years
earlier. With the discovery of X-rays by C.W. Rontgen in 1895, the stage was set for analyzing
crystals at an elementary level, and this research produced information about the solid state. Then in
1912 the famous diffraction experiment of Max von Laue established that X-rays are waves and that

the suspected internal lattice structure of crystals indeed existed.

11-3-2-2- The source of X-rays:

It was found that when electrons were accelerated in an electric field and collided with a metal
anode, a very high-energy radiation was emitted. At the time, he was unable to explain the origin of
this radiation (hence the name ““X-rays’’), and an explanation had to wait until more was known
about the structure of atoms. It became clear that accelerated electrons with sufficiently high energy
could displace electrons from within the inner electron shells (e.g., a K shell electron) of an atom
(Figure 11.10). This is because the energy of the electrons within the inner shells is close to, but
slightly less than, the energy of the accelerated electrons. An electron from a higher shell immediately
fills the electron hole, and the excess energy is released as a photon. The energy, and hence the
wavelength, corresponds to the particular electronic transition of a given atom. These high-energy
photons have short wavelengths A (A = hc/eV, where h is the Planck constant, ¢ the speed of light, e
the charge of the electron, and V the accelerating voltage) in the range 0.1-5 A, which make them

ideal for crystal structure studies, and are called X-rays. [
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Figure 11.10: Energy transitions of inner shell electrons. [11]

For most applications X-rays are produced by an X-ray tube, powered by an X-ray generator. Figure
11.11 shows a schematic diagram of a modern X-ray tube. 11 It consists of an evacuated glass tube
in which electrons are released by heating a tungsten filament (just as in a normal light bulb). By
applying a voltage, the electrons are then accelerated in a field to 40-50 keV and collide with an anode

metal. [24]

Copper
X-rays Tungsten filament Glass

fh /
N A A . :
—— )

o N
il = §§D o ransformer

] Electrons i D
Mo target | ALY, s 2
Beryllium window X-rays

Figure 11.11: Generation of X-rays in a modern X-ray tube. (1]

Owing to the energy transitions in the anode, X-rays are produced and leave the tube through
beryllium windows that have relatively low absorption. In an X-ray tube most of the energy of the
electrons is not converted to X-rays but to heat, and thus it is necessary to cool the anode metal,

usually with water. [22]

26



CHAPTER Il: SAMPLES GATHERING AND EXPERIMENTAL METHODS

11-3-2-3- Bragg equation:

its known that crystals consist of stacks of lattice planes (Figure 11.12), and X-rays penetrate many
hundred. In the figure Two waves, which are initially in phase, reach a crystal. The first (1) diffracts
(reflects) on the lattice plane (hkl) on the surface, the second one (2) on the parallel plane below at a
distance d = AC. 1111221 The angle of incidence to the lattice plane is 0. The second wave has a longer

path (PD = BC +CD), before the two waves establish a new wave front AD.

5
o]

(hkl)

Figure 11.12: Derivation of Bragg's equation, explaining diffraction as reflection on a
stack of lattice planes with an interplanar spacing d. [*1]

We can easily establish a relationship (triangle ABC) sin 6 = BC/AC, and correspondingly for
diffraction, where the path difference has to be a multiple of the wavelength to produce constructive

interference. [221 The bragg's equation is given as follows:

PD =2dsin0 =n.A (2.1)
where A is the wavelength, 0 is the angle of incidence and reflection, and n is an integer. The
relationship is known as the Bragg equation (or Bragg’s law) and was formulated in 1913 by the
father and son team W.H. and W.L. Bragg. Diffraction can be viewed as reflection on lattice planes

with reflection angles 6 determined by the spacing of lattice planes.
Bragg’s law has two conditions:

1. The lattice planes (hkl) must be in a reflection orientation between the incident and
diffracted X-ray waves.

2. Diffraction occurs at a specific angle that is determined by the d-spacing of the lattice
planes.
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These conditions are seemingly very straightforward but are not easy to satisfy experimentally. If we
aim a monochromatic X-ray at a crystal in some arbitrary orientation, the Bragg conditions are not
satisfied and no diffraction occurs. A crystal has to be rotated to bring a particular lattice plane hk
into a reflecting position, and then the diffraction angle has to be adjusted to fit with the spacing of
the lattice plane dnxi. Modern computer-controlled X-ray goniometers can help to alleviate some of
these problems, and they are used for special applications. However, a significant experimental
advancement came in 1916, when P. Debye and P. Scherrer had the ingenious idea to use powders

instead of single crystals.

11-3-2-4- The powder method:

In a powder consists of many randomly oriented small crystals or ‘‘crystallites’’. There will always
be some crystallites with lattice planes in the right orientation to diffract (i.e., satisfying the first Bragg
condition), and therefore rotation is not necessary. A powder irradiated with monochromatic X-rays
of known wavelength will produce diffracted X-rays lying on cones with an opening angle 46 (i.c.,
an angle 20 to the primary X-ray beam). We can intersect these cones with a photographic film,
usually mounted in a cylindrical ‘‘Debye-Scherrer’” camera, 111221 and image a set of concentric
rings (Figure 11.13). After exposure, the film is unrolled, developed and diffraction angles can be

measured as distances between dark lines

s
N

N
8]
N

N
\

Figure 11.13: In the powder method diffractions from crystallites lie on cones around
the primary beam with an opening angle 40. (11]

Today the most popular powder method uses a powder diffractometer. The powder is suspended on
a flat disk, and the reflections are scanned with an electronic detector (Figure 11.14) that digitally
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records the intensity as a function of diffraction angle, as is shown for a sample of cubic halite in

(Figure 11.15).

Figure 11.14: A diffractometer scans the 26 angle range with an electronic
detector to record diffractions from a flat sample. 11

Each peak corresponds to diffractions from different lattice planes. The detector rotates with an
angular velocity of 20, whereas the sample rotates at a velocity 0 to maintain the reflection condition
for the surface of the sample. It means that, at all diffraction angles, those lattice planes (and only

those) that are parallel to the sample surface are diffracting. [?2

g
500} 8 ~
=1
o~
8
400+
2
=
<
S
= 300
Z
v
z
200
= a =3 s
2 d 5 g

20 30 40 50 60 70 80 90
26 degrees

Figure 11.15: Diffractometer pattern of halite. Each peak is assigned a lattice plane on which
reflection occurs. 20 angles are indicated. Ko copper radiation is used (A= 1.5418 A). [11]
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11-3-2-4-The match software:

"Match" is an easy to use software for phase identification from powder diffraction data. It compares
the diffraction pattern of your sample to a database containing reference patterns in order to identify
the phases which are present. Additional knowledge about the sample like known phases, elements
or density can be applied easily.
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Figure 11.16: The interface of Match software
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Chapter I

Results and discussion
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CHAPTER III: RESULTS AND DISCUSSION

I11-1-Introduction

This chapter presents and discusses the results of both FTIR and the XRD analysis, and then ends

the study with a conclusion.

I11-2-FTIR analysis

111-2-1-KBr Disc sample preparation

A KBr disc (Figure 111.1) involves mixing of dried KBr powder and finely ground sample. The KBr
sample mixture forms a clear disc when put under high pressure using a hydraulic press. Only 4 mg
of sample and 200 mg is needed for this sample preparation. The sample must be ground to fine

particles using an agate mortar and pestle (Figure 111.2).

Figure 111.1: KBr discs prepared for the FTIR

Figure 111.2: A Mortar and pestle
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111-2-2-Machine information

The FTIR machine was used is Shimadzu FTIR-8300 (Figure 111.3) running under the spectral range
(400 - 4000 cm™Y) the constituent bonds of the sand samples.

Figure 111.3: Shimadzu FTIR-8300 machine

111-2-3-Results and discussion

The figures below represent the FTIR transmittance spectrum of El-oued's sand samples
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Figure 111.4: the FTIR transmittance spectrum of sample S1
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Figure 111.5: the FTIR transmittance spectrum of sample S2
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Figure 111.6: the FTIR transmittance spectrum of sample S3
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Figure 111.7: the FTIR transmittance spectrum of sample S4

As seen above the FTIR spectrums obtained by examining of the EI-Oued sand samples are show in
Figures (111.4, 111.5, 111.6, 111.7). From the FTIR spectrums we can identify the main components of
our samples. Table I11.1 summarizes the functional groups found in the sand. In the range of the high
wavenumbers we see a high intensity absorption band at 3429 cm™ which is due to stretching
vibrations of hydroxyl groups (OH), a less intense band has been observed at 1616 cm™, which is
due to the twisting of H-O-H .Also, three absorption bands have been observed at wavenumbers of
2511 cm™?, which are due to (CO3) 2 Asymmetrical and symmetrical stretching mode vibrations.
The 1427 cm™ wavenumber feature is due to doubly degenerate asymmetric stretching mode
vibration, and the 876 cm™ one corresponds to the C=0 stretching mode vibration. These bands
confirm the presence of calcite in our samples. A sharp absorption band at 1080 cm™ has been
observed and seems to fit with symmetrical stretching of Si—O-Si bond. In the spectrum range of
1080 — 400 cm™* a strong band has been observed [23, Symmetrical bands at 795 and 779 cm™* have
been observed and correspond to Si-O symmetrical bending vibration. These peaks confirm the
presence of quartz. In addition, we observed other bands at 694 and 459 cm™ which coincide with
Si—O-Si symmetrical and asymmetrical bending, respectively. The presence of Si-O and O-Si-O
vibrations in our sample again confirm the presence of quartz. The 694 cm™ band indicates that the
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quartz in our samples is crystalline. Thus, FTIR absorption spectrum exhibits only an absorption band

characterizing quartz (SiO2) and calcite (CaCO3) compounds in our sand samples [1%],

Table I11.1: The functional groups found in the sand samples

Band (cm?) Bond (Vibration mode) Compound
3429, 3406 H — O — H (stretching vibration) Water
2924 or 2920 C — H (stretching vibration) Organic Carbon
2855 or 2858 C — H (stretching vibration) Organic Carbon
_2 - -
25110r 2507 (CO3)~“ (asymmetrical s'gretch and symmetrical Calcite
stretching)
1875, 1871 or 1867 Quartz
_2 - - -
1798 or 1794 (CO3)~“ (plane bendl_ng a}nd symmetrical stretching Calcite
combination mode)
1620 or 1616 H- OH (stretching) Water
1427 or 1420 (C03)~2 (asymmetrical stretching) Calcite
1080 Si- O- Si (symmetrical stretching) Quartz
876 (C03)72 (out-of-plane bending) Calcite
779,775 Si- O (symmetrical stretching) Quartz
694 or 691 Si- O- Si (symmetrical bending) Quartz
463 or 459 Si- O- Si (asymmetrical bending) Quartz

the FTIR results obtained by examining the sand samples of EL-Oued are almost identical. Also
these results suggest the presence of a high purity degree quartz. On the other hand, other studies [1°]
showed that the Western Erg sand and the Ouargla sand in the Algerian Sahara have a considerable
amount of Al,O3 and Fe,O3 9. The presence of the double absorption at 795 and 779 cm™ is an
indicator of the presence of the quartz in a-phase. This confirms what was said in the first chapter,
quartz under the atmospheric pressure and relatively low temperatures exists in the a-phase, the
crystallinity index (Cl) of quartz in our sample is calculated by measuring the ratio between the
absorbance of the bands 695 cm™ and 795 cm™ (Aees/Azes) 181, where the absorbance A, at

wavenumber o is given as:
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where T, and T are illustrated in figure 111.8 :

Transmittance

Ay = log%

T
200

T
800

750 \
Wavenumber (em )

Figure 111.8: T, and T on the FTIR spectrum!]

The table 111.2 below presents calculated of quartz in all samples:

Table 111.2: Sand crystallinity indices

31

T T
Sample T0695 (cm )T T0795 (cm )T Aeos Ar9s Cl =Aggs/Args
S1 58.67 43.34 65.33 26.67 0.132 0.390 0.34
S2 78.67 50 73.33 63.33 0.197 0.064 0.33
S3 54.67 38.67 66.67 20.67 0.150 0.510 0.30
S4 28 18 30 10 0.192 0.477 0.40

This high crystalline nature of quartz in our samples has encouraged to further our study with an XRD

analysis.

111-2-XRD analysis:

I11-2-1-Samples preparation:

Before processing the sand samples by the XRD, they first have to be grounded to fine particles

(Figure 111.9) using mortar and pestle, the necessity of this step is explained in chapter 1.
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Figure 111.9: Sand powder

111-2-3-Results and discussion:

After exposing the four samples of EI-Oued's sand to the x-rays, four diffraction spectrums were
obtained. By analyzing these spectrums using the software "match", it was possible to identify

dominant chemical compounds present in the sand samples.

The peaks appearing in the figures below at angles 26 : 20.90°,26.71", 36.63°, 39.54°, 42.52°, 45.90",
50.23°, 55.02°, 60.06°, 64.13°, 68.06° correspond to quartz(Si0,). Also the peaks at 29.50°, 48.80° and
73.70" are proof for the existence of calcite (CaC03). The signal peak at 27.71°is hint for the presence
of Wollastonite in S2.

The reflections at the distances dj,,; 4.2514 , 3.3372 and 1.5405 A are a confirmation for the

presence of a-quartz.

Also using the peaks data obtained by "Match" enabled us to calculate crystallite size of both quartz
and calcite. The relation between the width full at half maximum (FWHM) of the most intense

diffraction peak given by the software and the crystallite size (D) is given below by Scherrer’s formula
[23]:

KA

where 2 = 1.540593A4 is the wavelength of the X-rays used, and K = 0.96, 8 is the angle of
diffraction and g is Full width at half maximum . [#3]

As it was expected in The FTIR analysis, the XRD results of the four samples showed that EI-Oued's
sand contains high percentage of Quartz(Si0,), however Calcite(CaC05) only appeared in samples
S1, S2 and S4.

Also by processing the XRD spectrums samples using "Match" software, we were able to determine
the miller indices of each plane, the interplanar distances d and the peaks intensities.
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Also by processing the XRD spectrums samples using "Match" software, we were able to determine

the miller indices of each plane, the interplanar distances d and the peaks intensities. This information

is shown in the tables below:
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Figure 111.10: XRD spectrum of S1
Table 111.3: Structural properties of EI-Oued's sand (S1)
. . Miller .
(Diffraction Interplanar - FWHM | Crystallite . . .
. . indices . Mineral intensity
angle) 260> | distance(A) (hkl) (deg) size(nm)

20.88 4.2514 1 0 0] 0.2000 Quartz 202.13
26.68 3.3380 1 0 1| 0.2000 43,5663 Quartz 1000.00
29.48 3.0277 1 0 4| 0.2000 Calcite 114.12
36.58 2.4542 1 1 0| 0.2000 Quartz 132.78
39.52 2.2787 1 0 2| 0.2000 Quartz 119.83
40.33 2.2346 1 1 1| 0.2000 Quartz 96.34
42.50 2.1252 2 0 0] o0.4000 Quartz 107.29
45.85 1.9773 2 0 1| 0.2000 Quartz 97.78
47.50 1.9127 1 0 8| 0.2000 Calcite 82.02
48.62 1.8711 1 1 6| 0.4000 Calcite 85.90
50.18 1.8166 1 1 2| 0.2000 Quartz 123.79
54.81 1.6736 2 0 2| 0.2000 Quartz 100.75
57.41 1.6038 2 1 0| 0.4000 Quartz 82.51
60.04 1.5396 2 1 1) 0.4000 Quartz 138.97
64.09 1.4518 1 1 3| 0.2000 Quartz 83.91
68.13 1.3752 2 0 3| 0.2000 51,1718 Calcite 136.81
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73.58 1.2863 3 0 6| 0.2000 Quartz 104.79
75.74 1.2548 3 0 2| 0.2000 Quartz 88.29
77.76 1.2272 2 2 0] 0.4000 Quartz 85.98
cis
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Figure I11.11: XRD spectrum of (S2)
Table 111.4: Structural properties of EI-Oued's sand (S2)
(Diffraction Interplanar mMo::::Gers FWHM Crystallite intensit
angle) 20> | distance(4) (hk) (deg) size(nm) Mineral y
21.10 4.2070 1 0 O 0.2000 Quartz 214.39
26.89 3.3130 1 0 1 0.2000 43,5854 Quartz 1000.00
27.71 3.2358 4 0 1 0.2000 Wollastonite 155.46
29.69 3.0068 1 0 4| 0.2000 43,8821 Calcite 134.29
36.79 2.4409 1 1 0 0.2000 Quartz 116.88
39.72 2.2672 1 0 2 0.2000 Quartz 118.23
40.55 2.2229 1 1 1 0.2000 Quartz 113.17
42.72 2.1147 2 0 O 0.2000 Quartz 136.82
46.03 1.9703 2 1 0 0.2000 Quartz 105.37
48.80 1.8646 1 1 6 0.4000 Calcite 98.15
50.40 1.8090 1 1 2 0.4000 Quartz 129.78
55.00 1.6682 2 0 2 0.2000 Quartz 116.13
60.22 1.5354 2 1 1 0.2000 Quartz 146.01
64.28 1.4479 1 1 3 0.2000 Quartz 98.73
66.00 1.4143 3 0 O 0.2000 Quartz 98.99
68.29 1.3724 2 0 3 0.2000 Quartz 134.08
73.70 1.2845 3 0 6 0.2000 Calcite 102.08
75.95 1.2519 3 0 2 0.2000 Quartz 103.39
77.93 1.2249 2 2 0 0.2000 Quartz 99.48
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Figure 111.12: XRD spectrum of S3

The third sample one of its kind, due to its odd peaks pattern, in this sample two peaks related to
Gypsum (CaSOa. 2H20) were noticed, whereas these peaks didn’t appear in the other samples. Also,
unlike the other samples, in this spectrum fewer peaks related quartz and none of calcite appeared.

The only logical explanation of these observations is as follows:

the reason behind the presence of gypsum in this sample, is that it was taken from a region where
there is a lot of traditional houses ruins, the essential building material of these building is gypsum

and through weathering it was mixed with the surrounding sand.

The appearance of only few peaks related to quartz and calcite is due to the poor grounding of the
sample. This made the chances of getting more atomic layers at angles that meet Bragg’s equation

too slim.
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Figure 111.13: XRD spectrum of S4
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Table 111.5: Structural properties of EI-Oued's sand (S4)
(Diffraction Interplanar .Ml!ler FWHM Crystallite . .
) . indices . . intensity
angle) 26~ | distance(4) (hki) (deg) size(nm) Mineral
20.90 4.2474 1 0 O 0.2000 Quartz 183.14
26.71 3.3344 1 0 1 0.2000 43,5745 Quartz 1000.00
29.51 3.0248 1 0 4| 0.2000 43,8897 Calcite 139.69
36.63 2.4515 1 1 0| 0.2000 Quartz 129.92
39.54 2.2775 1 0 2 0.2000 Quartz 113.22
42.52 2.1244 2 0 0| 0.2000 Quartz 116.91
45.90 1.9757 2 0 1| 0.4000 Quartz 114.83
50.23 1.8149 1 1 2 0.2000 Quartz 131.88
55.02 1.6677 2 0 2| 0.2000 Quartz 120.58
60.06 1.5393 2 2 1| 0.2000 Quartz 114.43
64.13 1.4510 1 1 3 0.2000 Quartz 108.04
68.06 1.3765 2 0 3| 0.2000 Quartz 132.69

Also processing the data obtained by the XRD using the software "Match" enabled us to draw out

some structural information of the materials composing El-Oued's sand, such as the unit cell

dimensions (a, b, c), crystal system and the space group. The tables (Table 111.6 and Table 111.7)

sum up all this information.

42



CHAPTER IIl: RESULTS AND DISCUSSION

Table I11.6: Structural information of Quartz in EI-Oued's sand (S1,52,53,54)

Chemical formula Sio,
Type a-quartz
Molar mass (u.m.a) 60.08
Density (g/m?) 2.66
Crystal system Hexagonal
Space group P3221
a(A) 4.7750
b (A) 4.7750
c(A) 5.3046

Table I11.7: Structural information of Calcite in EI-Oued's sand (S1, S2, S4)

Chemical formula CaCO0;
Type Calcite
Molar mass (u.m.a) 100.08
Density (g/m?®) 2.720
Crystal system Hexagonal
Space group R3c
a(A) 4.9844
b(A) 4.9844
c(A) 17.0376

The calculated values of quartz Si0O, cell dimensions were so close to values given by the "ASTM"
paper (01-085-0794) a =b= 4,9100 A ,c= 5,4000 A. For calcite CaC 05 the values provided by the
"ASTM" (01-083-1762) a =b=4,9896 A ,c= 17,0610 A , were also very close to the calculated ones.

Sample 4 (S4) was intentionally picked from a region north EI-Oued, and samples S1 and S3 from a
region south El-Oued. From the results obtained by the FTIR method and the XRD method showed
a high presence of quartz in all those samples, so basically in the light of the results we can tell that
El-Oued's sand in the north and in the south is identical.
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General conclusion:

The aim of our study was to enrich our background and reinforced the studies that has been conducted
on EI-Oued's sand. The most appealing thing about sand is its abundance. Sand covers vast areas of
Algeria's surface. It also has a high minerals content like quartz. Quartz is magical mineral and has a
wide range of applications and is used in too many modern industries such as building, glass making

and electronics.

For the purpose of our study four samples were taken from different regions in EI-Oued, to prepare
these samples of the FTIR and XRD examination they were grounded and crushed to fine powders

using a mortar and pestle.

To examine the samples by The FTIR method, a specific amount of KBr was added. The mixture
KBr and sand powder was turned into a disc using a hydraulic press. These discs were exposed to an
infrared radiation of a wavenumber spectral range (400 - 4000 cm™1). Four spectrums were obtained
and Each absorption band in these spectrums correspond to a certain chemical compound. By this
way we have managed to determine the presence of compounds like water, Calcite and most
importantly quartz. Moreover, we calculated the crystallinity indices of quartz and the results ordered
from S1 to S4 were as follows: 0.34, 0.33, 0.30 and 0.40. These results encouraged us to further our
study with the XRD method.

In the XRD method we had to make sure that samples are fine powders. The XRD spectrums obtained
held the fingerprint peaks of both quartz (dominating), calcite (minority) and no trace of feldspar was
found. Using the match software enabled us to determine and calculate the interplanar distances and
miller indices, also we were able to calculate the crystallite size of both quartz and calcite. Using the
same software "Match" we have drawn out information on the sand quartz and calcite like the

Density, space group, unit cell dimension and the crystal system.

Our study can also furthered by the examination of other sand properties such as the thermal

conductivity.
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A

S1 Match report
Match! Phase Analysis Report

Sample: 19_04_25 0004

Sample Data
File name 19_04_25_0004.xye
File path C:/UsersiZfik-pe/Desktop/important/s Sidixr
Data collected May 30, 2019 00:51:45
Data range 10.010° - 80.010°
Original data range 10.000° - 80.000°
Number of points 701
Step size 0.100
Rietveld refinement converged No
Alpha2 subtracted No
Background subtr. No
Data smoothed No
2theta correction 0.01°
Radiation X-rays
Wavelength 1.540598 A
Matched Phases
index  Amount(%) Name Formula sum
A 96.1 Silicon oxide Quartz low 02 si
B 39 Calcite CCa03
15.9 Unidentified peak area

A: Silicon oxide Quartz

low (96.1 %)
Formula sum 02 Si
Entry number 96-101-1160
Figure-of-Merit (FoM) 0.953841
Total number of peaks 35
Peaks in range 21
Peaks matched 17
Intensity scale factor 0.98
Space group P3z2218
Crystal system trigonal (hexagonal axes)
Unit cell a=4.9100 A c= 5.4000 A
I 337
Meas. density 2.660 glcm®
Calc. density 2.654 glcm®
Reference Machatschki F, "Kristallstruktur von Tiefquarz®, Fortschritte der Mineralogie 20, 45-47 (1936)
B: Calcite (3.9 %)
Formula sum CCa03
Entry number 96-900-9669
Figure-of-Merit (FoM) 0.769244
Total number of peaks 38
Peaks in range 24
Peaks matched ]
Intensity scale factor 0.04
Space group R-3c
Crystal system trigonal (hexagonal axes)
Unit cell a=4.9920 A c=17.0690 A
I 359

Calc. density 2.707 gfem?®

Reference Sitepu H., 0°Connor B H, Li D., "Comparative evaluation of the March and generalized spherical

harmonicpreferred orientation models using X-ray diffraction data for molybditeand calcite powdersNote: GSH
modelLocality: synthetic®, Journal of Applied Crystallography 38, 158-167 (2005)

Candidates
Name Formula Entry No. FoM
(Os0.2 V0.8) 0s0.2V0.8 96-152-2775 0.8137
(Gal.4 Re0.6) Gal.4 Rel.6 96-152-2718 0.7979
(Fe0.9 NiD.1) Fe0.9 Ni0.1 96-152-2985 0.7911
Ga Rh 96-154-0931 0.7591
Co2 (Cr0.2 Mn0.8) Ga CoZ2 Cr0.2 Ga Mn0.8 96-152-5318 0.7553
Co 02 96-152-2028 0.7517
(Co2 Ni3) (Er0.5 Sm0.5) Co2 Er0.5 Ni3 Sm0.5 96-152-5020 0.7491
(Ti V99)0.02 Ti0.02 v1.98 96-154-0339 0.7486
{Cr0.5 Mo0.5) Cr0.5 Mo0.5 96-152-4009 0.7475
Co2 Mn Sn 96-152-5317 0.7455
{Co3 Ni2) Er Co3 Er Ni2 96-152-4273 0.7441
(Tc0.8 Si0.2) 5i0.2 Tc0.8 96-152-7279 0.7360
Galr 96-152-3838 0.7343
Mg B2 B2 Mg 96-152-6508 0.7275
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iz B B Mi2 BE-151-1288 0. 72E2
(Col B MiLE] T Col5 N5 Ti BE1524742 i e
{RulLB W0, 2} Roul 8 V0.2 BE-152-7977 07168
Ru Ta GE-153-8192 07158
{Iel 18 W0LE2) Ir0. 18 Wi0.82 B6-152-3685 07048
(M. 77 Tal.23) K0 7T Tab. 23 BE-152-2811 07043
Ga Ru GE-152.3921 0. F0GEE
CaZ kn Sn Ba152-5385 0705
Mn M2 Sb Bn1538555 0. 7007
Dy Gad GE-152-4227 0. 7000
Ga2 Sc BE-152-2721 OLBEa0
M2 i B6-152-3552 08073
o W) ho W Be152:3321 OBG5E
{Rel 2 WO.E) Rl 2 WO.A BE152:3317 OAS51
b P Mo Pt GE-152-3628 O.B048
Ca2 Sn W BE-152-4755 0650
Mn M2 5b GE-153-8225 0.BecE2
(Fed.08 Ti00S2 VOEIE) FelU08 TiDL0E2 VOLEIR BE1522406 0.Be25
{Cull 255 Fnil T45) Cull 255 Fnl 745 G152.5235 OBE2S
Copperil) oxide [Cupribe) Cu2 O G510 00084 OBBES
Cooperi|) oxide (Cugrite) Cu2 O GE-101-0927 O.B8ED
Cd Lis B6-152-5522 O.B&ST
W DO.F7 DO.77 W BE-153.3680 D.BES3
{Tiv) TiV Bfa152.7472 OBBLD
Mn Pd B152:2754 OBEI2
Pd BE-151-2532 D.EE1B
{0,584 Col. .06 Ti AlZE2 CoDABTI G6-152-2935 O.B812
Mol Tipl.86 Ma1.334 Til.GEE BE-153-T811 0.ETaR
(o576 PHlLd24) Mol 576 Pi0.424 BE152:3722 OETL8
{CullLBS Gel.15) Cull 85 GalL 15 G152 232 OETL8
(LT PH0.G Hi0.1 PHLS BE-152-2516 0L.ET40
R BE-153-4940 0.ETI2
{O=0.1 W0.9) Os=l.1 W09 BE-152-2982 0ETH
{RulL15 WOUES) Rl 15 WOLES GE-152-7974 0.ET24
(P8 Snjld Pti.8 Snld B 1538191 a7
1) oaide [Cugpribe) Cu2 O G510 10984 0ET13
{MWELL 1D MiDua1) KD, 19 NiD.&1 B6-152-2809 0ET12
LaRhIB B LaRh3 GE-151-1211 0.ET0R
and 115 others.
Search-Match
Redference database used COD-norg REV214414 2015.03.29
Automatic nenpoint Yes
Minimum figure=ofmearit {Foli) 080
Parameteninfuence 2thet 0.50
Parameteninduence inlensities 0.50
Parameter mulliplefsingle phase|s) 0.50
Peak List
No.  Ztheta [7] o [A] Mo FWHM  Maiched
1 20.88 42514 20213 0.2004 L
2 2202 4048 8007 0.2000
3 26,68 3.3580 100000 0.2004 )
4 2948 30277 114.12 02000 B
& B5.58 24542 132.78 0.2004 L
B ¥9.52 22787 119,83 02000 AR
T 40.3% 2.3B4E 9E.34. 0.2004 L
B 42.50 21252 107.29 0.4000 L
B 45.85 18773 ar.78 0.2004 )
10 47 .50 18127 B202 02000 B
1 48 82 1871 8590 0.4000 B
12 G018 1.B166 123.79 02000 iy
13 5481 18736 100.75 0.2004 L
14 741 18038 B2 51 04000 AR
16 G0.04 1.5086 138.97 0.4000 L
16 B4.08 14518 B39 02000 iy
17 GA.1% 1.3752 138.81 0.2004 L
18 Ti58 12863 104.79 02000 AR
18 T5.74 1.2648 BR. 2D 0.2004 )
0 TI.TE 12272 B5.98 04000 iy
Integrated Profile Areas
Based on calculated profile
Profile area Counts Amount
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Orwerall diffraction profile 31334
Background radiation B527
Diffraction peaks 24806
Peak area belonging fo selecied phases. 18812
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B

S2 Match report
Match! Phase Analysis Report

Sample: 19_04_25 0005

Sample Dals
File name 19_0d_25_0005s0ye
File path C:flisersi2fik portanti £
Data collectad fay 30, 2018 00:51:50
Data range 10.000° - 300007
Original data ranges 10.000° - S0.000°
Mumber of poinis 01
Step alze 0100
Fietveld refinement converged 5]
Alpha? subiracted Mo
Background subtr. Mo
Data smoothed o
Fadiation X-rays
Wawelength 1.540598 A
Matched Phases
Index  Amount (%) Name Fewmuila sum
A B85 Silicon axide $-alpha Quartz low 02 51
B 6.6 Calcite CCad3
c 4.9 Tellurism Te
7z Linidentified peak area
A: Silicon oxide S-alpha Quartz
low (8.6 %)
Formula sum 025
Entry number 96-101-1173
Figure-of-Merit (FoM) 0851534
Total nurmiber of paaks 35
Peaks in range A
Peaks maiched 18
Intensity scale factor 015
Spaca group P3121
Crysital syatem trigonal (hexagonal axes)
Lnit cell a= 4.9130 A c= 5.4050 A
ic 328
Meas, denaity 2660 glom?
Calc. density 2,549 glom?®
Feference Brill R, Hermann C, Feters C, "Sudien ueber chemische Bindung mitiels Fourleranalyse I Die Bindungim
Quarz®, Maturwissenschaften 27, 876-677 (1838)
B: Calcite (6.6 %)
Formula surm CCa03
Enbry numiber 96-901-6707
Figure-at-Merit (FolM) 0.764865
Total nurmiber of peaks 43
Peaks in range 24
Peaks matched 5
Intensity scale factor a.01
Space group R-3c
Crystal system tigonal (hexagonal axes)
Unit cell a= 4.9844 A c= 17.0376 A
Vi an
Cale. density 2730
Feference Ondrus B, Veselovsky F.. Gabasova A Hiousek ). Srein V., Vawnn 1., Skala R, Sejkora J_, Drabel M.,

C: Tedlwrium (4.9 %)
Formula surm

Entry number
Figure-oi-Ment (FoM)
Tetal nurmber of peaks
Peaks in range
Peaks maiched
Intensity scale factor
Space group

Crystal system

Linit cell

Vic

Mieas. density

Cale. density
Feference

“Primary rminerals of the Jachymow one district™, Jownal of the Czech Geological Soclety 48, 18-147 (2003)

Te

G6-101-10

0721655

33

20

5

004

P3121

trigonal (hexagonal axes)
a= 44540 A o= 50240 A
1625

6.310 glom®

6245 glom?

Bradiey A J, “The crystal siructure of ielluium®, Philcsophical Magazine, Serie & (1901-1925) 48, 477-186
(1924)
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Name

Silicon cxide Salpha {Ouartz low)
Silicon cxide [Cuartz)

Cuariz

Cuartz

Silicon cxide Salpha {Ouartz Iow)
Chuariz

Siicon ooide [Cuartz low)
Si02
Otz
Otz
o2
Cwartz
Silicon ouide - S-alaha (Cuartz low)

Si02

sio2
Beririte
Cuariz
Beririte
Cuariz
Cuartz
{FeD.5 Hill1)
Cuariz

W2 He 2 O
Sriza Bn

LisH

hexagoral boron nitride
Cwarr

(Mo 95 PA0UDS)

(NS RBAS)0.02

{Mb0.125 Ni0.75 Tl 125)

Calcite

CaCi0a

Bad (Mb2 08)

Molybderum

(Mol 984 M0 016)

dirunidium heolaaxodimalybate

and 150 others...

Settings

Rederence databaze used

Autnmatic emopoint

Minimum fiqure=of-meant {Fokd)

2hela window for peak coer.

Minimum red. inl. for peak cor.

Parameerinfuence Hhels

Parame tesfinfuence inlensities

Parameter mullipledsingle phase(s)

No.  Z2thefa 7 o f4]
1 21.10 42070
2 26 Bo 33130
L] mm 3NG4
4 2989 0068
& b 24408
5] Tz 2272
T 40 65 il
& 42,72 21147
a 4 0% 18703

Candidates
Formula Entry No. FaM
02 5 BET1 03015 08517
02 5 BE101.1173 0.8511
02 5 BESO0LOIE 0.8508
02 5 BE001.3332 0.8504
02 5 BELO0E01E 0.8498
02 5 BE-101+1098 0.8498
02 5 B0 1360 08467
02 5 882100182 0.9468
02 5 BE-101-1160 0.9455
02 5 BE-153-0085 08411
02 5 BELO0DTTE 0.9385
02 5 BELO0SE8T 0.9314
02 5 BE-152-4881 0.8231
02 5 BE00 10146 0.8185
02 5 BE-101-1177 0.8180
02 5 BE-ZA0AT 08177
02 5 BE-153-4:380 0.8100
Be F2 BE-153-1932 0.8958
02 5 BE-153-2513 0.BEHT
AlDd P BELO0E550 08804
02 5 BB 1147 08783
AlDd P BELI0E551 0.BESD
02 5 BB 1145 0.8445
02 5 BELO0E015 08358
Felld Mil.1 BE.152.3905 08148
02 5 BE-O01+1404 0,805
Baf Mb3 0135 BEA00-1053 0.TEED
HE M2 O B2 10EIT 0.7E04
Ga Sn Sr BE-153-88080 07791
OF P2 & BE50 10181 07775
HLiS BE-153-2750 07767
B K BES00-H9098 07743
BM BE-20 11T 07740
02 5 BE001.5023 07714
ki BEAOD-1314 0.7ETS
Fe Gai2 Hod BEAA14515 0.TEEE
Mio.95 PAD.0S BE-152-3804 0.TE4D
Ma1.3 RhD.7 BE-153-0255 0.7E2D
Kbl 125 M0 TE Tl 125 BE1522T33 07622
OB Ph Sa2 L BE431.THAR 07612
CCa0d BES01HT707 0.7E0T
ko BEA00.1309 0.TEOD
CCand BETO20140 07572
R Sm BB 1u 184 07518
Bad MbZ OB BE-153-2153 07518
I3y BE-ZI0EETE 07515
Ma BELO0-H544 07512
Mol 984 MiDLO1E BE-152.3377 0.T487
Ga? o BE-152271 0.T466
Mn M2 Sb BE-153-8555 0.T460
a2 OF Ra2 B2 15445 0.7430
Fu W BE-152.TO81 0.7423
Search-Match

COD-norg REV2 14414 2019.03.29

Yes

080

0L30 deg.

i

0.50

050

0.50

Peak List

5
%
:
i

lﬁ;hﬂﬂlh
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C
S3 Match report

Match! Phase Analysis Report

Sample: 19_04_25_ 0006

Sample Data

File name 19_04_25_0006xye

File path CofUsers/2fik-pe/DeskiopAmportantf S

Data collected May 30, 2018 00:52:01

Diata range 10.230° - 80_230°

Original data range 10.000° - B0.000°

Mumber of points 701

Step alze 0.100

Fiatveld refinement converged Mo

Alpha2 subtracted Mo

Background subtr. Mo

Data smoothed Mo

2theta comrection 0230

FRadiation X-rays

Wavelength 1.540598 A

Matched Phases
Index  Amount (%)  Name Fovmuls sum
A 100.0 sioz 02 5§
46.2 Linidentfied peak area

A: 5 02 {(100.0 %)

Formula surm 02 5

Entry numbar 96-210-8358

Figure-of-Ment (FoM) 0.815326

Total nurnber of peaks 34

Peaaks in range 20

Feaks matched 4

Intensity scale factor 1.00

Space group Pazz1

Crystal system trgonal (hexagonal axes)

Unit cell a= 4.7650 A o= 5.2060 A

Vic 3.08

Cale. denaity 2874 glom®

Reference d’Amaur H., Denner W., Schulz H., “Struciure determination of alpha-guanz up o 66"10expd Pa®, Acta

Crystaliographica B (24,1968-38,1982) 35, 550-555 (19749)
Candidates

Nare Formla Eniry No. FoM
Cu Hi2 B6-152-4981 07856
Cl KiLd Mal.6 BE-00-3250 07688
Cl KiLd Mal.6 BE-O0-3253 0.TE8T
Cl KO.4 Mal.6 D5-G00-3254 0.768T7
Cl KiLd Mal.6 BE-G00-3222 07678

Tm B2 B2 Tm BE-151-0847 0.7&54

sdtver molybdate Ag2 Mo O4 BE-T22-2297 07643

Panguite 03 .67 B5-901-4506 07581

(CodLE Rh0LZ) Col.8 Rh0.2 BE-152-4725 0.7553

Tad Brid Bri4 Tag BE-810-3874 07530

Lu B2 B2 Lu B5-151-0750 0.7494
a3 PS5 BE-152-3254 07483

Y& Mi14.92 F10.18 NiH4.92 F10.18 Y8 BE-153-3760 07487

(Lub.95 W0.05) B2 B2 LuD.95 V005 BE-151-0740 0.7485

Monieirisaile Cud HF.3 08 50.5 B5-901-3783 0. 7483

¥b B2 B2 ¥b BE-151-0856 07450

Zns CH4 © C CHd Zré BE-153-1028 07418
C13 H36 54 BE-G00-0187 0.7409
AL Ca2 OT S BE-412-4700 07370

(Ca0.5 Sr0.5) 52 Cal.5 562 Sr0.5 BE-153-5990 073867
Mn Pd3 B5-152-3903 0.7347
Pd Zn2 BE-152-3177 07336
Br T DE-G00-8826 07330
PiaTi BE-152-2697 0731

Tromn trifluonide F3Fe B5-100-0477 07306

(o025 PA0.25 Rh0.25 Rud 25) Mo0.#5 Fdl 25 Rh0_25 Rul 2506-153-2625 07305

Cohenite C Fe3 BE-201-6183 07302

Selenium Se B5-201-1652 0.7300

5r (Sn0.5 Fed.5) 03 Fel.5 03 Sn0.5 Sr BE-153-3396 07280
CuZ Mi Sn BE-152-5228 07284
ACasS BE-210-0611 07284

Meodymium chromiurm cxyarsenide (NdCrAsO)As Cr Nd O BE-433-6805 07283
Cu NIS Sn8 Zn5 BE-H00-3420 07278
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(Mo0.31 Rul_63)

Bab Fel.332 Scd U2.668 024
(Mo0.BS RhO_15)

Potassium scandium sulfide

(Mn25 PTS)0.04
Europlum silver silicon (100.6771.33)
Grey salenium

(MDD Pdd1)0.08
Ca Y AI3 O7
Ti B2
Rud Zn12
Palladium
and 150 others...
Seftings
Reference database used
Automatic zeropoint adaptation
Mindmum figure-of-merit (Foh)
2theta window for peak cofr.
Mindmum rel. Int. for paak corr.
Parameterfinfluence theta
Parameterinfluence inlensites
Parameter multipla/single phase(s)
Mo, Z2theta [°] o [A]
1 12.23 T.2313
2 21.48 4. 1344
3 2385 37260
4 2729 32650
5 30.07 ==
& 31.76 26150
7 ar.2z 24138
a 40.13 22454
=1 40.96 22016
10 43.09 20878
1 43.90 20609
12 4647 1.8526
13 48.22 1.BB58
14 4818 1.B512
15 50.80 1.7059
16 55.59 16519
17 B0.63 1.5260
18 B4.69 1.4388
19 B6.37 1.4073
20 BB.57 1.3674
3 | 71.05 1.3256
22 T4.11 1.27B4
23 TE.28 1.2473
24 TE.23 1.2210

Based on calculated profile

Mo1.45 Red.55 BE-153-8774 07270
Mod.31 Rub.69 BE-152-2758 07269
Bad Fe1.332 024 Scd UZ.6668 DE-154-1332 07268
Mo0.85 RhD.15 BE-152-3805 07251
K 82 5c BE-20E-0008 07250
Rul.8 Ta1.2 BE-153-9012 0.7248
Agl BE-201-1697 07242
Mn Pd3 BE-153-TETT 0.7240
AglUET Eu 81133 BE-150-9021 07238
Se BE-T22-8525 07238
ACas BE-210-0610 07233
Nb0.72 Pd3.28 BE-153-8100 07228
Ag As Sed BE-150-9201 0726
AICa0OTY BE-153-T168 o fieed £
MBS Mi BE-152-2277 07214
Br2 Ti BE-153-5972 072z
Ru Zn3 BE-TOO-TTOT 07210
Pd DE-D00-34T0 07199
Ir3 Mo BE-152-3681 07198
Search-Match
COD-Inorg REV2 14414 2019.03.29
Yes
060
030 deg.
i
0.50
0.50
0.50
Peak List
o FWHM  Matched
8389 D400
23141 0. 20000 A
BTr.23 D400
1000.00 0. 2000 A
137.57 0. 2000
BE.82 XS]
133.22 0. 20000
115.90 D400
B0.26 D400
114.60 0. 2000
BB.46 L ] A
106.36 0. 20000
BB.AS D400
BR2T D400
148.87 0. 20000
102.72 L]

171.98 O 200
BE6.86 O 2000
B5.63 04000
138.71 06000
BOL3S DOy
o0.55 O 200
81.90 L ]
83.23 04000 A

Integrated Profile Areas

Profile area Cownis Aot
Owerall diffraction profile 17374 100.00%
Backgrownd redistion 3724 21.43%
Diffraction peaks 13650 TA.5T%
Peak arsa belonging 1o selected phases 5632 32.42%
Peak ares of phase A (Sl O2) 5632 FEAE%
Lnidentified peak area BD18 46.15%
Peak Residuals
Peak data Couwnis Amaurnt
Owerall peak intensity 3077 100.00%
Peak intensity belonging to selected phases 2501 81.29%
Unidentified peak intensity 5TE 18.71%
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Diffraction Pattern Graphics

Iiral

Experimental pattarn. 15_04_25_0006
5501 Cakculated pattern (exp. peaks} (Ro-44.4 %)
200 Background

&5 - [565-210-6356] 02 5i 51 02 (100.0%)

1l

T T T T T T T T
15.00 20,00 25.00 30.00 35.00 40.00 45.00 =0.00 55.00 ED.0D 65.00 T0.00 TE.00 20.00
Cu-Kal (1.540588 4) Zheta
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S4 Match report
Match! Phase Analysis Report

Sample: 19_04_25_0003

Sample Data

File name 19 0425 0003xye

File path CrfUisars2 ik portantf_Eisr

Diata collectad Meay 30, 2018 00:51:30

Diata range 19.990° - 799907

Original data rangs 20.000° - 300007

Mumber of pointas 601

Step size 010

Fietveld refinement comernged Mo

Alpha? subirscied Mo

Background subts. Mo

Data smoothed [205]

2theta conmection -0ugne

Fadiation X-rays

Wawvelength 1540598 A

Matched Phases
index  Amount (%) Name Fowmula sum
A a4 .4 Silicon oxide Cuartz kow 02 54
B 56 CCa03
8.3 Uinideniified peak araa

A: Silicon oxide Quartr

o (04 4 %)

Formula sum 02 54

Entry nurnber 96-101-1160

Figure-of-Merit (Fol) 0957609

Total nurmbser of paaks a5

Peaks in range 35

Peaks maiched 12

Intensity scale factor 078

Space group F32218

Crystal system tigonal {(hexaponal axes)

Unit cedl a= 4.9100 A c= 5.4000 A

e 337

Meas. denaity 2 560 glom?

Cale. density 2 654 glom?

Feference Machatschkl F, "Frsialatrukiur von Tiebguarz®, Fortschritie der Mineralogle 20, 45-47 (1936)

B: C Ca O3 (5.5 %)

Fonmula surn < Ca 03

Ernibry nurmiber 96-450-2444

Figura-af-Merit (Fol) 0.752433

Total numiber of peaks 43

Peaks in range 43

Peaks matched 2

Intensity scale factor 0.0s

Space group R-3c¢c

Crysial system trigonal (hexaponal axes)

Uit cell a= 4. 9758 Ac= 160021 A

Ve 3.45

Cale. denaity 2 737 glem?

Feference Zodoloyabko E.. Caspd E. M., Fleramosca J. 5_, Von Dresle FL B.. Marin F_, Mor G., Addadi L, Weiner 5., Politi

¥_, "Differences between Bond Lengths in Blogenic and Geological Calcile®, Design’ 10{3). 1207 (20710)
Candidates

Marre Formuwla Entry No. Fol

MiZ B B Mz 96-151-1286 0.77TEE

Heliurm He 96-001-1837 07118
Co 02 96-152-2028 0.6801
As4 Culg 96-001-5529 06705

(AID.34 CoD.08)3 Ti AlZ82 CoD1E T 06-152-2035 D.ETST

Coppenl) oxide (Cupsite) Cuz O 96-100-0054 06730

Coppenl) oxide (Cupsite) Cuz O 96-101-0927 06730

(Pd0.5 RhD.5)3 Zr Pd1.5 Rh1.5 Zr 96-152-2724 06724
Ga3 Ho Mn0.152 96-400-1857 06722

Periclass Mg O 96-001-3230 0.670S

g B2 B2 hg 96-152-6508 0702

(NS0T T Tl 23) MIOTT Tal 23 96-152-2811 0.6600
G4 Fe Sc3 96-410-9721 0.EETE

(Cwl.BS GeD.15) Cul.8S Ged.15 06-152-4232 0.6642
Mb NI 96-153-T950 0.6632
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Iron germanium (3:1) Fad Ge 96-100-1145
GaZ Sc 96-152-2T31
Algodonile As0.111 Cul.860 96-001-4014
Ga3i U 96-152-3640
Be F2 96-153-1932
Periclase Mg O 96-000-5450
(LIDETS MID.725) O LiD.2T5 Me0.T25 O 96-400- 2257
Fariclass Mg O 96-001-3206
Pariclass Mg O G96-000-0:97
Periclase Mg O 96-800-6T55
(MO 18 MIDLET ) NbO_19 MIO81 96-152-2809
Cerium palladiem anbmonide (SE241) Ced Pd24 5b 96-100-5034
Caz irnzpP7 96-153-6T13
MNb Mi3 96-152-2734
hnG Poé D O Mn2 Pd& 96-154-1175
Mickel boside (21) B Mz 96-101-0477
(Pd0.845 £rD.155 ) PdD.845 Zrd. 155 896-152-2600
¥ixunite In0.5 P05 96-D00-0E07
Pariclass Mg O 96-000-5754
Fe Gal2 Hod 96-431-4515
Erd FelET Gal2 96-431-4517
Ca Gal Pd2 96-152-7130
(in PIE)0.4 ind.4 P3G 96-155-9154
(PT3 S04 PL6 Sni.4 96-155-8191
(Celu0s Ful B5) Cal s Rud.g95 96-152-5250
Erd Fe Gal2 96-431-4516
Ir3 Zr 96-153-T869
(0.1 PI0.9) HED.1 P9 96-152-2516
e 96-153-4940
LaRh3 B B La Rh3 86-151-1212
prasendymium manganese copper phosphide (2307 )Cud Mn3 PT Fr2 96-4353-3628
Pd 96-151-2532
neodyrmiuem manganese copper phoaphide (213/87)  Cu Mn3 MNd2 PT 96-433-3629
Dyd Fe Gal2 96-431-4514
Ga3 Ho Mn0.08 96-400- 1856
Em P15 Si3 PL5S 5i3 Sm 96-510-4444
Periclase Mg O 96-001-3258
and 17 ofivers...
Search-Match
Seftings
Feeference database used CO0-Iinorg REVZ 14414 2019.03 .39
Automatic 2eropoint adaptation Yas
hdindmum figure-of-merit (Fabd) 060
2iheta window for peak cofr. 0.30 deq.
hdinamum rel int. for peak corr. 1
Farameterfinfluence Jtheta 0.50
Parameterfinfluence inlensises 0.50
Farameter multipleisingle phase(s) 050
Peak List
No. 2theta o] o [A] o FWHM  Maltched
1 2p.90 42474 1B3.14 02000 A
2 26.71 33344 1000.00 02000 A
3 28.51 30248 13069 02000 B
4 36.63 24515 12092 02000 A
5 30.54 22775 11322 02000 AB
g 42 52 21244 116.91 02000 A
T 45.90 1.8757 114.83 0.0 A
a 50.23 16149 131.88 02000 A
g 55.02 1.EETT 12058 02000 A
10 B0.06 1.5303 114 .43 02000 A
b B4.13 1.4510 10B.04 02000 A
12 BE.OG 13765 13269 02000 A
Integrated Profile Areas
Based on calculated profile
Profile area Courts Amount
Owverall diffraction profile 42812 100.00%
Backgrownd rediation T4 1B.06%
Diffraction peaks 35078 B1.94%
Feak area belonging 1o selected phases 26833 E2.668%
Peak ares of phase A [Sicon axide Duarz low) 25037 58 45%
Peak ares of phase B (C Cs OF) 1796 4. 19%
Unideniified peak area 8245 18.26%

06620
06626
0.6605

D550
06550
06548

06526
0.6526
06507
06408
0.6453

06308
06372
06371
06345
O.E337
06331

o.E322
0.6281
06270
06250
06255
06251
06243
06234
06224
06215
oE211
06206
0.6203
06201
06186
06173
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Peak data

COwerall peak intensity

Peak Intensity belonging to selected phases
Unidentified peak intensity

Iral

Counts Ameurnt
TETT 100.00%
T400 93.95%

ATE 6.05%

Diffraction Pattern Graphics

Experimental pattern: 15_04_35_0003

Caiculated pattern (exp. peaks) (Ap=48.0 %)
Backgrownd

[96-101-1160] 02 51 Shcon mode Quantz low (34.4%)

|55-450-2444] C Ca Q3 (54

T
2000 Z5.00 30.00 3500
Cu=Ka1 (1540528 A)
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