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Abstract   

This study reviews the theoretical and experimental aspects of the X-ray 

diffraction (XRD) technique and evaluates its use in identifying toxic 

elements or compounds in waste that has been incinerated. Many indus-

tries incinerate materials that contain large significant amounts of toxic 

elements, and these elements should be identified and removed to 

reduce environmental pollution. The aim of this project is to identify the 

elemental content of an incinerated ash sample, and to recommend a 

proper identification method when using XRD. Here, we test two ash 

samples (raw ash without any treatment and ash that has been stabi-

lized by washing) using the software DIFFRAC.EVA that is integrated 

into Bruker’s diffractometer D2Phaser to match different diffraction 

patterns to identify the contents of the ash sample. Finally concluding 

the results XRF is more suitable than XRD for ash surveillance. 

 

Keywords: XRD, XRF, incineration,wastemanagement, toxic elements, 

pollution detection,  fly ash, ash, Bruker D2Phaser, DIFFRAC.EVA, 

chemical filter, scan file. 
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Terminology / Notation 

Acronyms / Abbreviations 

XRD          X-ray diffraction  

XRF          X-ray fluorescence 

DIFFRAC.EVA….Software used by the D2 Phaser 

ICDD...International Center for Diffraction Data  

MSWM…….Municipal solid waste management 

keV.............. Kiloelectron volt 

1 Ångström …...10-10 m 

WD-XRF             Wavelength-dispersive X-ray fluorescence  

Mathematical notations 

θ     Theta angel     
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Introduction 

Recently, Europe and globally environment pollution has considered as 

an important issue. Waste incinerations is the largest component of 

municipal solid waste management (MSWM) systems, reducing the 

volume of waste 90% [1].Waste incineration businesses are vital contrib-

utors to economic and social benefits, but these practices also spread 

toxic metals throughout the environment [9].Before waste is incinerated, 

the heavy metal content should be quantified and treated. 

1.1 Background and motivation 

In this project, identified ash content using X-ray diffraction (XRD) and 

evaluated XRD’s functionality for ash surveillance in automated, real-

time monitoring of the presence of toxic elements. The results will be 

compared with measurements done with X-ray fluorescence (XRF) on 

the same ash sample. Particular interesting is exploring the possibility of 

implementing XRD for monitoring toxic elements in the waste chain.     

1.2 Overall aim 

I reviewed the literature on material identification using spectroscopic 

X-ray, focused mainly on previous research on XRD and XRF. 

1.3 Scope of the research 

Experimental works commonly have faced various limitations and it 

was outside the scope of this thesis work to develop the database for 

XRD identification of fly ash. Instead, the work is limited to evaluating 

the suitability of XRD for fly ash measurement. 
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1.4 Goals 

The main purpose of this thesis is to identify the contents of ash samples 

using XRD experiments and to compare the results with previous exper-

iments and to identifications made by the XRF method. The suitability 

of XRD for implementing online monitoring for fly ash surveillance was 

also evaluated. 

1.5 Outline 

Chapter 1: This chapter gives the project Background, Objectives, Scope 

of the thesis work, Structure of the project, and Methodology of the 

project work.   

Chapter 2: This chapter covers background studies about XRD and XRF 

analyses, and the DIFFRAC.EVA software. 

Chapter 3: This chapter gives information about the methodology used 

to implement the experiment work and graphic representations of the 

analyses.  

Chapter 4: This chapter includes all analytical results and discusses how 

those results are evaluated. 

Chapter 5: Conclusions about the project. 

 

1.6 Contributions 

My supervisor Börje Norlin provided the tested sample used in this 

project and the Experimental work was done with the help of instructor 

Joäkim Bäckström and supervisor Börje Norlin. 
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2 Theory 

2.1 Introduction 

“Recycle all you can, and turn the rest into heat or electricity” is one of 

the solutions for minimizing landfill of municipal solid waste 

(MSW).But waste incineration plants must take responsibility for 

emissions of toxic substances like dioxins and heavy metals which 

pollute the environment [1]. To determine the chemical compositions of 

heavy metals in fly ashes from different incinerators, it is important to 

create a method for evaluating the content of that ash. 

 

2.2 X-rays 

X-rays are electromagnetic waves of high energy and very short 

wavelength. They are able to pass through many materials that are not 

transparent to light. They can be used to make a photographic or digital 

image of the internal composition of something, because when they are 

passed through an object (like a body part), they are absorbed to 

different degrees by different materials in that object’s-rays are a non-

destructive analytical technique that can identify crystalline phases that 

maybe present in a Material. They can also determine structural 

properties such as defect structures, epitaxial grain size, phase 

composition, and preferred orientation. X‐ray‐based techniques like 

X‐ray diffraction (XRD) and X‐ray fluorescence (XRF) are widely used 

for materials science to identify phase and elemental compositions of 

rocks [2]. 
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2.3 X-ray diffraction 

Two main areas that use X-ray diffraction are fingerprint 

characterization of crystalline materials and determination of their 

structure. Each crystalline solid has its own unique characteristic X-ray 

powder pattern, which may be used as a unique pattern for its 

identification [5]. Once the material has been identified, X-ray 

crystallography may be used to determine its structure. X-ray diffraction 

is one of the most important characterization tools used in solid-state 

chemistry and materials science. 

It is possible to determine the size and the shape of the unit cell for any 

compound using X-ray diffraction [3]. According to Bragg's law, 

radiation strikes planes in a crystal at a particular striking angle (theta), 

and X-rays are then scattered at angle of reflection equal to theta. 

Therefore, the incident and diffracted rays are in the same plane as the 

normal to the crystal planes [4]: 

 

𝑛𝜆 = 2𝑑 sin 𝜃 

Where n is an integer, λ is the wavelength of the X-rays, d is the inter-

planar spacing generating the diffraction, and 𝜃 is the diffraction angle. 

 

The beam passes through a slit, which determines the angle width of the 

beam: the wider slits give more energy but also have wider peaks; in 

contrast the smaller slits give less energy but better resolution [5]. 
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The incident and diffracted rays are in the same plane as the 

normal to the crystal planes.

 

Figure 2:3 X-ray diffraction systems [5]. 

2.4 X-ray powder diffraction (XRD) 

XRD data can be generated in three basic forms, but the form that will 

best help the user attain a certain goal depends on the application. The 

raw spectrum is called qualitative data and it tells the user which 

elements are present in a sample, but it does not contain information 

about how much of each element is present unless the data is processed 

further. 

 

Figure 2:4.1 X-ray diffraction techniques[10]. 
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Bragg's Law for the reflection orders n = 1, 2, 3: 

 

Figure 2:4.2 first order reflections 

 

 

Figure 2:4.3 second order reflections 

 

Figure 2:4.4 third order reflections 

𝑛𝜆 = 2𝑑(sin 𝜃 … … … "𝐵𝑟𝑎𝑔𝑔′𝑠 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛" [10] 
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2.5 X-ray fluorescence (XRF) 

X-ray fluorescence analysis (XRF) is another analytical technique used to 

perform elemental analysis of samples. The mechanism of XRF is that 

when an atom due to photoelectric absorption captures an X-ray 

photon, an electron from one of the inner shells of the material is 

knocked out. The kinetic energy of the electron is equal to the energy of 

the initial photon minus the binding energy of the electron. The electron 

vacancy is subsequently filled and the excess energy is released either as 

a fluorescence photon or as an Auger electron. The energies of the 

fluorescent photons from all materials are unique and therefore can be 

used to identify the material [7]. 

 

Figure 2:5 X-ray fluorescence spectrometers [5] 
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The unit Ångström is often used for wavelength, where1Å = 0.1 nm = 10-

10 m. The following relationship (conversion formula) exists between the 

units E (keV) and λ (nm)[10]: 

E (keV) =
1.24

λ (nm)
     or    λ (nm) =

1.24

E (keV)
 

The X-ray fluorescence analysis records the following range of energy or 

wavelengths: 

E = 0.11 - 60 keV 

λ = 11.3 – 0.02 nm 

2.6 X-ray diffraction and X-ray fluorescence principles 

An X-ray detector in scanning mode detects diffraction patterns. Every 

scanning step an image is collected and all images are merged together 

to obtain a complete diffraction image. The diffraction pattern is 

obtained by integrating the final image along the reflection circles. 

In contrast, an XRF scanner records the detected fluorescence pattern at 

a fixed position close to the sample (Fig 2:.6b). There is no significant 

angular variation of the fluorescence signal, but the penetration depth 

and the noise of the XRF measurement is affected by the angle [14]. 

 

X-ray diffraction (XRD) and X-ray fluorescence (XRF) [15] 

 

Figures 2:6a. XRD                       Figures2:6b. WD-XRF 
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For X-ray fluorescence analysis, two different kinds of instruments are 

used, Wavelength dispersive X-ray fluorescence spectrometers and 

multichannel spectrometers. 

Table 2:6 Wavelength dispersive X-ray techniques [10] 

Known sought Measured Method Instrument 

type 

d λ θ X-ray 

fluorescence  

Spectrometer 

λ d θ X-ray diffraction  Diffractometer 

 

In XRD, the sample is excited with monochromatic radiation of a known 

wavelength (λ) in order to evaluate the lattice plane distances as per 

Bragg's Equation. In XRF, the d-value of the instrument’s crystal “lens” 

is known and we can solve Bragg's equation for the element-specific 

wavelength (λ). 
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3 Methodology 

The Bruker D2 Phaser 

 

 

 

Figure 3:1 Diffractometer D2Phaser, Bruker [10] 

X-ray diffraction is based on constructive interference of monochromatic 

X-rays that results when applied to a crystalline sample. A cathode ray 

tube, filtered to produce monochromatic radiation, collimated to 

concentrate, and directed toward the sample, generates X-rays. 
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The interaction of the incident rays and the sample produces 

constructive interference and a diffracted ray when conditions satisfy 

Bragg’s law (𝜆 = 2𝑑 sin 𝜃). This law relates the wavelength of 

electromagnetic radiation to the diffraction angle and the lattice spacing 

in a crystalline sample. The diffracted X-rays are detected, processed, 

and counted. The sample is scanned through a range of 2θangles 

(varieties of diffraction directions are needed because of the random 

lattice orientation of the powdered material). Conversion of the 

diffraction peaks to d spacing allows identification of the material 

because each mineral has a set of unique d spacing, which can be 

compared to standard reference patterns [11]. 

3.1 D2 Phaser spectrum acquisition 

The Bruker D2Focus X-ray spectrometer can be used to measure the 

diffraction signal from ash Sample. To get a diffraction spectrum, the 

Diffract Measurement software is used. X-rays are produced in an 

evacuated tube, and then these X-rays exit the tube and are incident on 

the sample from which they are then diffracted into a sparkling type 

detector. The beam passes through a slit, which determines the angle 

width of the beam: the wider slits give more energy but also have wider 

peaks; in contrast the smaller slits give less energy but better resolution 

[11].The user can view and modify the scan properties like these 

described in the tables below. 

Table 3:1 Scan properties setup 

Property Description 

Generator 

 

X-ray generator kV High voltage of X-ray generator 

used for the measurement 
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X-ray generator mA Intensity in the X-ray tube used 

for the measurement. 

Wavelength  

Anode  Anode martial  of the X-ray tube 

𝐾𝛼1 and 𝐾𝛼2 𝐾𝛼1 computing the  d-values and  

𝐾𝛼2stripping 

𝑘𝛽 𝑘𝛽 value for the radiation 

Detector  

Calcium Channel 

 

Given in Cps for raw files which 

contain Ca channel information 

Environment  

Humidity and Temperature Relative humidity and 

temperature in °C 

 

Slits  

Anti-scatter and divergence slit Opening of the anti-scatter and 

divergence slits respectively  

 

 

X-rays at angle theta are reflected from internal crystal planes separated 

by Bragg diffraction patterns resulting from constructive wave 

interference when the quantity 2𝑑 sin 𝜃etheta is an integral number of 

wavelengths. 

A fine powder material has many crystals oriented at random angles. 

Certain crystals will be oriented so that the X-ray beam crystal and 

detector satisfy Bragg’s equation. This orientation causes a signal spike 

at specific detector angles. It is important to have a sufficient number of 

crystals to have an even distribution of all possible crystal orientations. 
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During a scan the detector is rotated over a range of angles to detect 

bands of diffracted X-rays produced by the crystals correctly aligned 

within the sample [10]. 

3.2 XRF measuring technique 

 

X-ray fluorescence spectroscopy is a technique for measuring chemical 

compositions of different materials. The technique can be performed 

with gaseous samples like air, and it does not require electrically or 

thermally conductive surfaces. XRF can be applied to samples that are 

normally too small for conventional micro-analytical techniques. 

Compared with electrons, X-rays have a much higher capacity for 

penetrating the sample bulk (several tens or hundreds of micrometers, 

depending on their energy), but they are less sensitive to surface layers 

[13]. 

3.3 Sample preparation 

Proper sample preparation is one of the most important requirements in 

the analysis of powder samples by XRD [8]. The D2 Phaser sample 

holder is 51.1mm diameter. The cup holds all standard sample holders. 

Washed and unwashed ash sample were prepared for measurement by 

putting the sample at the sample holder. The unwashed ash sample is 

fine powdery material butt he washed ash sample is dried in the air and 

ground manually into fine small grains. The recommended size range is 

around 1–5µmm [8].After putting the ash sample in the holder, the top 

of the ash sample needs to be made be even and smooth(Figure 3:3). 
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Figure 3:3 smoothing the sample  

3.4 Data collection 

When a beam of X-rays illuminates a single crystal, reflections are 

generated. The positions of the reflections are determined by the size 

and shape of the unit cell and the symmetry. The intensities of the 

reflections are determined by the arrangement of the atoms within the 

crystal. 

The detector position is recorded as the angle 2theta (2θ) and records the 

number of X-rays observed at each angle 2θ. In the diffraction pattern, 

X-ray intensity is usually recorded as counts or as counts per second 

[11]. After measuring the intensities of all of the diffraction reflections, it 

is generally possible to determine the positions of the atoms in the unit 

structure. 

3.5 XRD measurement setup 

The standard patterns are stored in DIFFR.EVA package by means of 

EVA program using Search/ Match Window. For the D2 Phaser, the 

application should be always be on in order to collect the diffraction 

data. Because the XRD commander controls the X-ray diffractometer, it 

is also controlling the power [10].  
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By adjusting this command, it is possible run the scan from a window 

and gets the scan. The standard scans setting are: 

 Start value: 10 2theta 

 End value: 90 2theta 

 Increment: 0.02 2theta 

 Counting time: 1sec 

A slit width of 0.2 mm was used. The narrower the slit, the better 

resolution, however, some signal may be lost, as some of the X-rays are 

not recovered. 

 

3.6 Scan data 

Because data will not automatically be saved, there needs to be a 

parameter file that is called in the jobs tab. The following three pa-

rameters must be saved: 

 Sample ID is header 

 Parameter file is the parameter 

 Raw file is file where your data will be saved 

The parameter file is written in a separate application and the link 

to it is added to the toolbar [10]. 

Standard parameters: 

 Scan definition 

 Generator voltage and current, default is 40KV(kilovolt) 

and 40mA(milliamp) 

 Scan type coupled and continues 
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3.7 Data Processing 

DIFFRAC.EVA is software integrated with the powder X-ray diffrac-

tionD2Phaser, and it is used to evaluate the samples quantitatively 

[10].First, a raw ash sample is analyzed without any kind of treatment, 

and second, the ash sample is washed and pressed. According to the 

manual, the method used for the quantitative analysis is the Reference 

intensity ratio (RIR). 

3.7.1 Elements not present in the ash sample 

 In the Search/Match window, the chemical filter is set by selecting 

elements from the periodic table that are not present in the sample 

(Figure 3:7.1, highlighted red). Elements are assumed to not be present 

based on the SGI laboratory result (Appendix 1) 

 

 

Figure 3:7.1 Elements not present in the ash sample 

3.7.2 Elements not checked in the ash sample 

In the Search/Match window, the chemical filter is then set by selecting 

the elements which are not checked in our sample (Figure 3:7.2, high-
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lighted grey).Based on SGI laboratory report (Appendix 1), some ele-

ments are present, and they are highlighted blue (Figure 3:7.2) 

 

 

 

Figure 3:7.2 Elements not checked in the ash sample 

 

3.8 XRF measurements 

 

Siwen et al. [12] summarize the result of an XRF analysis of the same ash 

sample, with 0.17 mm Cu filter and X-ray tube energy 15 kV applied for 

10min to identify elements in the ash sample.Figure3:8.1 shows the 

resulting XRF spectra with 0.1 mm Cu filter and X-ray tube energy 40 

kV for 60mint[12]. 
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3.8.1 XRF spectra with 0.17 mm Cu filter and X-ray tube energy 15 kV 
[12]. 

 

 

Figure 3:8.1 XRF energy 0–9.5keV [12] 

 

Table 3:8.1 Evaluation of the possibility of detecting elements by XRF at 

energy levels 0–9 keV  

Element Washed Unwashed 

Oxygen (O) Not from the ash Not from the 

ash 

Calcium and Sodium (Cl 

& Na) 

yes yes 

Magnesium (Mg) yes yes 

Aluminum (Al) yes yes 

Silicon (Si) yes yes 
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Sulfur (S) yes yes 

Chlorine( Cl) yes yes 

Argon (Ar) Not from the  ash Not from the 

ash 

Potassium (K) yes yes 

Calcium (Ca) yes yes 

Titanium (Ti) yes yes 

Chromium (Cr) yes yes 

Manganese (Mn) yes yes 

Iron (Fe) yes yes 

Nickel (Ni) Not from the  ash Not from the  

ash 

Copper (Cu) yes yes 
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3.8.2 XRF spectra with 0.1 mm Cu filter and X-ray tube energy 40 kV 
[12] 

 

Figure 3:8.2 XRF energy 14–34keV [12] 

Table 3:8.2 Evaluation of the possibility of detecting elements by XRF at 

energy levels 14 – 34 keV 

Element Washed Unwashed 

Strontium (Sr) yes yes 

Yttrium(Y) yes yes 

Zirconium (Zr) yes yes 

Niobium (Nb) yes yes 

Molybdenum (Mo) yes yes 

Silver (Ag) Not from the ash Not from the ash 

Cadmium (Cd) yes yes 

Tin (Sn) yes yes 
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Cadmium and Anti-

mony (Cd &Sb) 

yes yes 

Iodine (I) Not from the ash Not from the ash 

Antimony (Sb) yes yes 

Barium (Ba) yes yes 
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4 Results 

The results were obtained using EVA program. For each sample diffrac-

togram (.RAW file appeared in EVA window), the background was 

subtracted using the Subtract / Replace window. The background 

subtraction does not only “flatten” the scan, but it also defines the level 

of the noise and thus allows the Search algorithm to determine which 

part of the scan contains a significant signal and which part of the scan 

contains only noise. The search process was done with the Search/ 

Match window, by matching the standard pattern in the mineral sub-file 

with the unknown pattern by selecting the appropriate criterion. These 

values give the mineral name, chemical formula, quality mark and 

crystal structure for each sample constituent. The program will usually 

find a whole range of possible hits match, but upon visual inspections, 

only very few are possible hits. 

 

4.1 Analysis result of unwashed ash sample 

Figure 4:1 shows the unwashed ash sample diffractogram result scan 

resulting from a 3mm blocking bar and 0.2mm slit. This figure illustrates 

which peak intensities were observed, which will help characterize the 

sample. 
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Figure 4:1 Original scan result of unwashed ash sample  

The qualitative analyses determine the phases present in the powder 

The qualitative and quantitative analysis was done umixture. Using the 

DIFFRAC.EVA software, the algorithm gives a rank to the patterns and 

lists the best candidates. The user must compare the pattern to the scan 

and accept or reject the found pattern. 

 

4.1.1 Result of unwashed sample selected candidates 

 

The diffraction patterns for the individual compound, according to the 

database codes illustrated separately. The first chosen candidate analy-

sis result unwashed sample was gypsum.  
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Figure 4.1:1 Diffractogram of gypsum phase analysis of unwashed ash  

 

The figure shows the major reference peak observed, but there is some 

level of noise and the noise of the minor reference peaks is much higher. 

 

The second candidate chosen for the unwashed ash sample was 

sophiite.  
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Figure 4.1.2: Diffractogram of sophiite phase analysis of unwashed ash  

 

The third candidate selected for unwashed ash wasTaBr4(PhPMe2)2. 
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Figure 4.1.3: Diffractogram of TaBr4(PhPMe2)2 phase analysis of 

unwashed ash 

4.1.2 All phase candidate compounds in unwashed ash 

 
The diffraction pattern measured from the unwashed ash sample and 

the phases observed are illustrated in Figure 4:1, which includes respec-

tive miller indices for each crystal plane according to the database. The 

analysis result is based on the chemical filter. 

 
 
 



Material identification using XRD 

Linda Teggen 

Results 

2019-07-08 

 

36 

 

 

Figure 4:1.4 Diffractogram of all phase analysis of unwashed ash 
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4.1.3 Analysis of unwashed ash sample 

 

Table 4:1 unwashed ash sample 

 

4.2 Analysis of the washed ash sample 

The diffraction pattern of the ash after washing and the phases observed 

are illustrated in figures below. The analysis result is based on the 

chemical filter. The diffraction patterns for the individual compound, 

according to the database codes illustrated separately. 

4.2.1 Individually selected candidate compound, washed ash sample 

The first candidate chosen for the washed ash analysis was halite. 

 

 

 

Source Chemical 

Formula 

Mineral name Evaluating 

XRD  

 

1. 𝐶𝑂𝐷 2102007 

2. 𝐶𝑂𝐷 9009886 

3. 𝐶𝑂𝐷 9009659 

4. 𝐶𝑂𝐷 2300259 

5. 𝐶𝑂𝐷 1006173 

6. 𝐶𝑂𝐷 9007795 

7. 𝐶𝑂𝐷 9011798 

 

1. F Nb O6 

2. Cu Ga S2 

3. N Na O3 

4. Ca H4 O3 S 

5. CaO O3 CuLa1.97 O4 

6. Cl6Br4 P2 Ta 

7. Cl2O3SeZn2 

 

 

1. ………… 

2. Gallite 

3. Nitratine 

4. …………. 

5. ………….. 

6. TaBr4(PhPMe2)2 

7. Sophiite 

 

1 possible 

2.possible  

3.possible 

4.possible 

5.Not possible 

6.Not possible 

7. possible 
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Figure 4.2.1: Diffractogram of phase analysis of washed ash 

4.2.2 All phase candidate compounds 

 
The diffraction pattern measured from the washed ash sample and the 

phases observed are illustrated in Figure 4:2.2 with the respective miller 

indexes for each crystal plane according to the database. This analysis 

result is based on the chemical filter. 
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Figure 4:2.2 Diffractogram of all phase analysis, washed ash sample 
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4.2.3 Quantitative analysis of washed ash sample 

 

 

 

Table 4:2 Washed ash sample 

 

Source Chemical formula Mineral name Evaluation of 

XRD detection 

1. COD 9006678 

2. 𝐶𝑂𝐷 1001661 

3. 𝐶𝑂𝐷 7201393 

4. 𝐶𝑂𝐷 9005297 

5. 𝐶𝑂𝐷 2101792 

6. 𝐶𝑂𝐷 2300202 

7. 𝐶𝑂𝐷 1011343 

 

1. ClNa 

2. 𝑀𝑔𝑂6𝑃𝑏2𝑊 

3. 𝐶8𝐻9 𝑁 𝑂2 

4. 𝐶𝑙3 𝐹𝑒 𝐻6 𝑂5 𝑃𝑏2 

5. 𝐶8 𝐶𝑜 𝐻32 𝑁13 𝑂12 

6. 𝐹𝑒 

7. 𝐹𝑒 𝑆𝑖 

 

1. Halite 

2. ………. 

3. ………. 

4. 𝑃𝑏2𝐹𝑒𝐶𝑙3(𝐶𝐻)4 . 𝐻2𝑂 

5. ……….. 

6. ………... 

7.  Fersilcite 

 

1. possible 

2. possible 

3. not 

possible 

4. not 

possible 

5. possible 

6. Possible 

7. possible 
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5 Discussion 

The results obtained from XDR measurement before and after washing 

were evaluated separately because of the possibility for that more can-

didate components would be present in either the washed or unwashed 

ash sample. More possible compounds were found in the washed ash 

sample than the unwashed ash sample. 

The XDR analysis showed that the washed and unwashed samples had 

some common element present, which we expected. On the other hand, 

both analyses result contained different element, which we did not 

expect. We expected the washed and unwashed sample results to be the 

same. Possibly some elements were removed or were lowered in con-

centration by the washing process.  

With XRF, both samples contained similar elements but the concentra-

tion of Cl, Na, and K decreased after washing. 

Table 5:1 Comparison of XRD and XRF element detections at 

energy levels 0 – 9.5 keV 

Expected element 

in the ash sample 

XRD 

Detected 

XRF  

Detected 

Evaluation 

Beryllium (Be) no no Neither detected  

Oxygen (O) yes yes Both detected 

Phosphorus(P) yes no XRD 
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Magnesium (Mg) yes yes Both detected  

Aluminum (Al) no  yes XRF 

Silicon (Si) no yes XRF 

Sulfur (S) yes yes Both detected 

Argon (Ar) unknown yes  

Potassium (K) no yes XRF 

Calcium (Ca) yes yes Both detected 

Scandium (Sc) no no Neither detected  

Titanium (Ti) no yes XRF 

Vanadium (V) no no Neither detected 

Chromium (Cr) no  yes XRF 

Manganese (Mn) no yes XRF 

Iron (Fe) yes yes Both detected 

Cobalt (Co) yes no XRD 

Nickel (Ni) no yes XRF 

Copper (Cu) yes yes Both detected 

Zinc (Zn) yes no XRD 

Gallium(Ga) yes unknown  

Arsenic (As) no unknown  
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Selenium (Se) no unknown  

 

Table 5:2 Comparison of XRD and XRF element detections at 

energy levels 14–34 kev 

Expected ele-

ment in the ash 

sample 

XRD 

detected 

XRF 

detected 

Evaluation  

Strontium (Sr) no yes XRF 

Yttrium (Y) no  yes XRF 

Zirconium (Zr) no  yes XRF 

Niobium (Nb) yes yes Both detected 

Molybdenum (Mo) no yes XRF 

Silver (Ag) unknown yes  

Cadmium (Cd) no yes XRF 

Tin (Sn) no  yes XRF 

Antimony (Sb) unknown yes  

Iodine (I) unknown yes  

Barium (Ba) no  yes XRF 

Tungsten (W) yes unknown  
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Mercury (Hg) no unknown  

Lead (Pb) yes unknown  

 

Elements like argon (Ar), silver (Ag), antimony (Sb), and iodine (I) are 

not from the ash sample, so the results of XRD are not included in this 

evaluation. Similarly,XRF detection was based on the energy level so 

element like gallium(Ga),arsenic (As), selenium (Se),tungsten 

(W),mercury (Hg), and lead (Pb) were not included in this experimental 

result. 

Tables 5:1 and 5:2 show that both methods detected niobium (Nb) 

element energy levels between 14-34k eV. 
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6 Conclusions 

In this thesis work, X-ray diffraction (XRD) was performed to evaluate 

its potential for material identification. XRD provides diffraction pattern 

in component and element form. The washed and unwashed ash sample 

detected some common elements, but the concentration was low, pre-

sumably because of the washing process. 

Tables 4.1 and 4.2 show some common element contents in candidate 

compounds, but the washed ash sample had more candidate com-

pounds.  

XRD did not detect Cr, a toxic element known to be present in the ash 

sample. Before ash is disposed of, it must be treated for this element. 

Tables 5.1 and 5.2 show that X-ray fluorescence (XRF) detected more 

elements than XRD. Comparing XRD and XRF shows that each method 

has advantages and disadvantages; for example, XRF measurements are 

taken in open air, so XRF is more exposed to noise. The result in our 

study was that XRF detected elements that were not present in the ash 

sample. 

XRD mostly identified compound forms, but for ash surveillance, it is 

more important to identify toxic elements that cause environmental 

pollution. XRD measurements need farther investigation if the investi-

gator is to know the element concentration.  

We conclude that material identification of ash content in XRD needs 

additional investigation before online monitoring can be implemented, 

and that XRD does not seem to be more suitable for ash surveillance 

than XRF. 
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