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Abstract
The pressed powder sample is a common method for elemental analysis using X-ray fluorescence analysis whereas suitable light
hydrocarbon materials should be added to the sample as a binder. The present study demonstrates the applicability of using
different commercial binders for elemental analysis of urinary stone samples. In order to confirm the obtained results, a com-
parison with pure chemical grade binders was presented. Different commercial and pure binders were tested for quantitative
elemental analysis of urinary stones, namely, cellulose, starch, wax, and urea. Energy dispersive X-ray fluorescence (EDXRF)
was used for elemental analysis. Differential thermal analysis was used to estimate the loss on ignition (LOI) in the urinary stone
samples. The signal to background ratios (I/IB) of the different detected elements in the commercial and pure binders were
calculated, compared, and studied at eight different photon energies starting from 2.5 up to 37 keV. Standard-less quantitative
analysis method based on the fundamental parameter approach was applied for elemental analysis of selected urinary stones. The
commercial and low-cost binders could be an excellent alternative binder for urinary stone analysis using energy dispersive X-ray
fluorescence. The commercial binders could provide an advantage as pure chemical grade binders or even better especially at
photon energy higher than 10 keV. The best commercial binder candidate was found to be the wax. The quantitative analysis
results using commercial and pure chemical grade binders give good agreement results, which indicate the applicability of
commercial binders for quantitative elemental analysis of urinary stones in the form of pressed powder samples.

Keywords EnergydispersiveX-rayfluorescence (EDXRF) .Binders .Pressedpowdersample .Background ratios (I/IB) .Urinary
stone samples

Introduction

The accuracy and reliability of the X-ray fluorescence (XRF)
techniques basically depend on the sample preparation of the

material to be analyzed. A great portion of the errors of the
quantitative analysis goes along with sample preparation.
Sample preparation method should be rapid, cheap, and free
from systematic error due to impurity contamination. As the
analyzed sample mainly contains low Z elements such as the
urinary stones, more precautions should be considered for
sample preparation. In case of the direct elemental analysis
of urinary stone samples, heterogeneity challenge of the cut-
ting bulk urinary stone sample surface could be recognized. In
addition, the polished surface will not be ideal due to the hard
and soft components of these types of samples. Consequently,
non-ideal measured intensities will be obtained if the hetero-
geneity of the sample is clear and the roughness of the surface
of the sample is not ideal. As the urinary stone samples are
heterogeneous, the samples should be converted into a
homogenous fine powder with a particle size less than
50 μm to be analyzed in the XRF setups. The powder samples
are either fused with a suitable flux or directly analyzed or
pressed into pellets of constant density with or without binders
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[1]. Sample fusion method has many drawbacks such as the
expected contamination from additives, the high cost of fusion
procedures starting from using platinum crucibles and lithium
tetraborate or related salts, up to the use of high temperature
via fusion machine or muffle furnace ranging from 800 to
1000 °C. In addition, the complete recovery of the fused mix-
ture seems to be impossible and part of them remains inside
the platinum crucible. Furthermore, the annealing process in
some cases may take several hours to be completed and the
fused sample may partially be recrystallized during the
cooling process, and consequently, the heterogeneities in mi-
croscale cannot be avoided. Using pressed powder pellet and
loose powder, elemental analysis of Cr, As, Se, Cd, Hg, and
Pb was quantified in soil samples using wavelength dispersive
X-ray fluorescence (WDXRF) spectrometry [2]. The pressed
powder samples were prepared without binders at a pressure
of 300 kgf/cm2 whereas the loose powder samples were
placed into a polyethylene cup with a polypropylene film of
thickness 6 μm. A good agreement between pressed powder
pellets and loose powder samples was obtained. In the case of
pressing samples, the error of the light elements from Na (Z =
11) to Cl (Z = 17) decreases by using pressed pellets. Due to
the existence of light elements in the urinary stone samples,
the pressed pellets are more desirable. In case of pressing the
samples without binder, extra pressures up to 50 T/in.2 may
have to be employed if the self-bonding properties of the sam-
ple are poor. However, the high pressure pelletizingmay cause
a fracture of a pellet. Therefore, adding a suitable binder to the
sample before pelletizing could be necessary even it may
cause an inter-element interference and particle size effects.
However, the inter-element interference and the particle size
effects could be eliminated by grinding the sample together
with the binder to an fine or ultrafine powder and pelletizing
them at high pressure. The binding agent must have a good
self-bonding property, low absorption, stable under vacuum,
free from inter-element interferences, and free from significa-
tion elemental contamination. Normally, binders work as a
glue that holds the sample together [3]. A great number of
binding agents have been successfully used namely, starch,
chromatographic cellulose, Lucite, boric acid, polyvinyl alco-
hol, urea, and wax. Although the use of binding agents gives
the sample extra strength and eliminates the inter-element ef-
fects, the background radiation coming from the scattering of
the sample increase and the dilution of the sample will de-
crease the sensitivity of certain elements. Therefore, the use
of a small quantity of binding agents and mixed it very well
with the sample could offer an alternative solution.

In the present study, pure chemical grade and commer-
cial binders were checked for quantitative elemental analy-
sis of selected urinary stone samples collected from King
Abdulaziz specialist hospital (KASH), Taif, Saudi Arabia.
The applicability of using low-cost binders (commercial) as
well as the pure chemical grade ones was investigated. The

main binders used in the present work are urea, wax, starch,
and cellulose [4, 5]. All of these binders compose of low Z
elements which prevent caking of the surface of the sample,
get stable pellet, and reduce matrix effect [6].

Materials and Methods

Sampling and Chemical Reagents

Based on 26 factors including type of stones, recurrence,
diet, obesity, hypertension, smoking, diabetes, water intake
… etc., the urinary stone samples were collected from King
Abdulaziz specialists hospital (KASH) in Taif city, Saudi
Arabia. Some stones were received in powder form due to
the influence of the medical treatments with ultrasonic
waves, and others were obtained in the form of intact stones
after surgical operation. Urinary stones with a diameter
equal or greater than 20 mm were selected for the present
study. The selected urinary stone samples were carefully
washed several times using double distilled water in order
to reomve urine, blood, and residue of organic matter.
Afterward, the samples were dried in an oven furnace at
70 °C for 12 h. Later, the urinary stone samples were
crushed and grounded in an agate mortar to be homoge-
nized powder. The selected urinary stone samples were
mixed well with the different binders individually with ra-
tios of sample: binder = 0.45:2 g. This ratio was considered
afterward in the standard-less quantitative analysis software
based on the fundamental paramter approach. A group of
commercial and pure chemical grade binders was used in
order to select the most appropriate and low-cost binder for
pressed powder samples. Pure chemical grade binders have
been used with the urinary stone samples, namely, urea
(Biotechnology, Bio-Basic Inc., Canada), cellulose (Fluka,
Sigma-Aldrich Chemi GmbH, Germany), wax (Fluka,
Sigma-Aldrich Chemi GmbH, Germany), and starch from
corn (Sigma-Aldrich, USA). In addition, one commercial
product of cellulose, urea, and wax binders purchased from
the local markets was also used. In the case of starch binder,
four commerical binders were used, namely, Foster (S-C1),
Gethai (S-C2), Queen (S-C3), and Unifood (S-C4). The
mixed samples (urinary stone and binder) were placed in
Al cup and pressed at pressure of 10 tons. The pressed
samples were directly analyzed by EDXRF spectrometer.

Energy Dispersive X-ray Fluorescence Spectrometer

The quality of the quantitative elemental analysis results of
the selected urinary stones with a different type of binders
was checked by an energy dispersive X-ray fluorescence
(Quant’X EDXRF, Thermo Fisher Scientific Inc., USA).
Direct excitation of the pressed urinary stone samples was
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carried out using an air-cooled end window X-ray tube with
Rh target. The applied X-ray voltage of the X-ray tube is up
to 50 kV (1 kV increments) and the electrical current is up
to 2 mA (0.02 mA increments). A beryllium window of
thickness 76 μm was used in front of the exit window of
the X-ray tube. A thermoelectric air-cooled silicon drift
detector (SDD) with Be window of thickness ≤ 7.6 μm
was used to evaluate the characteristic X-ray lines coming
from the sample under study. The SDD has an area of
15 mm2 and 155 eV full width at half maximum (FWHM)
resolution for Mn-Kα line at 1500 counts/s. The electrical
pulses of the characteristic X-ray are amplified and trans-
mitted to a readout system using a multi-channel spectrom-
eter of 32-bit and 4096 channel. The incident angle (at
which X-ray impacts the sample) is 55° and the X-ray de-
tector Takeoff angle (at which X-ray leaves the sample to
the detector) is 45°. Eight transmission filters at different
photon energy ranges starting from 4 to 50 keV are used in
order to collect the characteristics X-ray lines from the sam-
ple starting from low Z elements up to lanthanide group.
These filters are Non, cellulose, Al, Thin Pd, Medium Pd,
Thick Pd, Thin Cu, and Thick Cu. The first two filters were
operated under vacuum whereas the others operated under
atmospheric pressure. A collimator of a diameter 8.8 mm
was used in order to confine the radiation coming from the
X-ray tube and to avoid X-rays from the sample holder.
Standard-less elemental quantitative analysis method based
on the fundamental parameter (FP) approach was applied
using UniQuant software. The use of the FP approach re-
duces the need for standards compared with the empirical
methods. However, a pre-calibration was carried out using
a set of pure elements (Al, Ti, Cr, Fe, Ni, Mo, Sn, W, and
Pb) in order to correct the elemental drifts.

Thermal Analysis

In the case of urinary stone samples, the major constituents are
water and organic compounds which are not possible to detect

by EDXRF spectrometer. Therefore, the estimation of loss on
ignition (LOI) seems to be essential for the standard-less ele-
mental quantitative analysis method. In order to estimate the
loss on ignition for the urinary stone samples, differential ther-
mal analysis was used. Thermal gravimetric analysis (TGA),
derivative thermogravimetry (DTG), and differential scanning
calorimetry (DSC) (Shimadzu Simultaneous DTG-60H ther-
mal analyzer, Japan) were carried out in order to investigate
the behavior of the inorganic constitutes in the urinary stone
samples as a function of temperature and to calculate the loss
on ignition accurately. Only a small amount of urinary stone
samples (5–10 mg) is required [7–9]. The atmosphere of the
vicinity of the sample was standardized whereas the thermal
measurements were carried out under a nitrogen atmosphere
with a flow rate of 30 mL min−1 in order to avoid extra oxi-
dation at high temperatures. Two crucibles made of
aluminum/platinumwas used one for the urinary stone sample
and the other used an empty case for calibration. The temper-
ature range is from the room temperature to 1000 °C with a
heating rate of 10 °C/min.

Results and Discussions

Prior to the elemental quantitative analysis of the pressed uri-
nary stone samples, the detected impurities in both pure chem-
ical grade and commercial binders were characterized by
EDXRF spectrometer in order to subtract it during the quan-
titative analysis process. The different binders (pure chemical
grade and commercial) were pressed in Al cup and measured
as a sample. Afterward, the binders were mixed well with the
selected urinary stone samples, and the quantitative elemental
analysis of the selected urinary stone samples has been inves-
tigated. For this purpose, eight different filters covering the
whole photon energy range starting from the low Z elements
up to the lanthanide groups were used. Table 1 shows more
details about the eight filters and the related photon energy
ranges used in the present work.

Table 1 The excitation
conditions of the eight filters
installed in the present EDXRF
setup

# Filter names Applied voltage, kV Energy range, keV Element range

K-lines L-lines

1 Non Low Za 4 (vacuum) 0.5–2.5 Na–S Zn–Mo

2 Cellulose Low Zb 8 (vacuum) 2.5–4.5 Cl–Sc Tc–Cs

3 Aluminum Low Zc 12 (air) 4.5–6.5 Ti–Mn Ba, La–Sm

4 Thin Pd Med Za 16 (air) 6.0–8.5 Cr–Ni Nd–Lu

5 Medium Pd Med Zb 20 (air) 6.0–11 Fe–Ge Eu–Au

6 Thick Pd Med Zc 28 (air) 10.5–20 As–Mo Hg–U

7 Thin Cu High Za 40 (air) 14–28.5 Sr–Sn

8 Thick Cu High Zc 50 (air) 21–37 Tc–Ba
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Impurities in Binders

Low Z Element Filters (Non, Cellulose, and Aluminum)

The applied voltages for filter 1 (no filter), filter 2 (cellulose,
(C6H10O5)n), and filter 3 (aluminum, Al) were 4, 8, and 12 kV,
respectively. The characteristic K-lines for the elements from
Na (Z = 11) up toMn (Z = 25) could be excited and measured.
Although L-lines for the elements from Zn (Z = 30) to Sm
(Z = 62) could be measured, there is no L-lines from those
elements were recognized in all binders. Both filters 1 and 2
operate under vacuum in order to avoid Ar-K lines, but filter 3
(low Zc) operates under atmospheric pressure. Figure 1 de-
picts an example of the XRF spectra of the different type of
binders using cellulose filter at applied voltage up to 8 kV.
Remarkable high Na contents were found only in the commer-
cial binder of urea. Constant intensities of Al-Kα at 1.487 keV
line for all pure chemical grade and commercial binders indi-
cate to the same source which is the Al cup in which the
binders were pressed inside it. As the H, C, and O elements
are the main components of all binders, the low absorption of
the different binders could facilitate the penetration of the X-
ray beam to the Al cup itself. High intensities of Kα-lines of Si
(1.74 keV), P (2.013 keV), S (2.308 keV), Cl (2.622 keV), K
(3.312 keV), and Ca (3.690 keV) could be recognized with all
types of starch binders. Therefore, starch binders are not suit-
able at low photon energy up to Sc. However, P-lines disap-
pear in other types of binders. In cellulose, wax, and urea
binders, traces of Si, S, Cl, K, and Ca cannot be avoided and

should be considered during the quantitative analysis.
However, in the case of the pure binders of cellulose and
wax, the intensities of these elements decreased remarkably
and reach to the minimum values as shown in Fig. 1. In case of
filter 3 (low Zc, from 4.5 to 6.5 keV), there are no detected
impurities in all binders either pure chemical grade or com-
mercial with the exception of very trace detection of Ti in all
binders especially with cellulose binders. The small counts of
Ti could be treated during background correction. It could be
summarized that the most adopted binders at low photon en-
ergy up to 6 keV seem to be pure chemical grade and/or the
commercial binders of cellulose and wax.

In order to confirm the suitability of cellulose and wax
binders, Fig. 2 depicts the signal to background ratios (I/IB)
of the different elements detected by the low Z element filters
(low Za, Zb, and Zc) versus a different type of binders. As the
present type of binders is used with the urinary stone samples,
high detected signals of elements in the different binders are
not desirable. Therefore, the highest (I/IB) values represent
undesirable binders whereas as the (I/IB) ratios decrease as
the binders could be more effective and applicable. As illus-
trated from Fig. 2, the highest (I/IB) was found for urea and
starch (pure chemical and commercial) for the elements Si, K,
and Ca. The highest (I/IB) of Si-Kα was found at the pure
chemical grade urea binders and reaches to ~ 19.

In the case of K-Kα, the values of I/IB ratios for urea
and starch binders reach up to 11.6 and 7.5, respectively.
Similarly, the highest I/IB ratios for Ca were found in some
commercial starch (~ 7.5). The high values of I/IB ratios for

Fig. 1 X-ray fluorescence spectra
of pure chemical grade and
commercial binders using
cellulose filter (low Zb) at applied
voltage of 8 kV
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Si, K, and Ca with starch and urea binders seem to be
problematic and a certain background correction will be
essential in such cases. Similarly, starch commercial
binders are not suitable for Cl-Kα whereas of I/IB ratios
reach to 4.8 for starch commercial. In the case of Ti which
is measured by the third filter (aluminum), all binders are
applicable and the I/IB ratios are less than 2. Therefore,
starch and urea binders could be considered as non-

appropriate binders at low photon energy. Cellulose and
wax binders (either pure chemical or commercial) seem
to be suitable.

Medium Z Element Filters (Thin, Medium, and Thick Pd)

The medium filters are fabricated from palladium (thin, me-
dium, and thick) and they work usually under atmospheric
pressure. The applied voltages of these three filters are 16, 20,
and 28 kV, respectively. Using these filters, the K-lines of
elements from Cr (Z = 24) to Mo (Z = 42) can be covered
which is related to the photon energy range from 5.0 to
20.0 keV. In addition, the L-lines of the elements from Nd
(Z = 60) to U (Z = 92) can also be covered at the same photon
energy range. Figure 3 illustrates an example of the EDXRF
spectra of pure chemical grade and commercial types of
binders at applied voltages of 20 kV using medium Pd filter
(medium Zb). It is clear that the K-lines of Fe (Kα =
6.400 keV, Kβ = 7.059 keV) and Cu (Kα = 8.05 keV, Kβ =
8.90 keV) appear in most of the binders. Cellulose binders
(pure and commercial) have less intensity of Fe impurities. In
the case of starch, the intensity of Fe impurities is relatively
higher than that found in the pure chemical grade starch bind-
er. No Mn lines appear in all types of cellulose, starch, and
pure urea binders. Furthermore, high counts of Mn were
found only with the commercial binders of wax and urea.
The remarkable low counts of Zn intensities have appeared

Fig. 2 Signal to background ratios of different binders at low photon
energy up to 6 keV using low Z element filters

Fig. 3 X-ray spectra of pure
chemical grade and commercial
binder using medium Pd filter
(Med Zb) at applied voltage of
20 kV
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in the most of the binder especially commercial and pure
chemical grade binders of urea and starch. However, high
intensities of Cu were recognized in all binders especially
all types of cellulose and wax binders. In consistency to the
usual expectation, the intensities of Mn, Fe, Cu, and Zn im-
purities in commercial wax are higher than those found in the
pure chemical grade wax. On the other side, the intensities of
Fe, Cu, and Zn impurities are relatively similar in commercial
and pure chemical grade binders of cellulose, urea, and
starch. At photon energy range from 10 to 20 keV, the thick
Pd filter is used whereas the most type of binders is complete-
ly free from any type of impurities especially starch and wax
binders as well as pure urea and commercial cellulose
(Fig. 4). However, the characteristic K-lines of Br appear in
commercial binders of urea and cellulose. In addition, the Sr-
Kα line appears also with the commercial urea even its in-
tensity is not significant. The coherent and incoherent scatter-
ing of Rh appears in all spectra which is originated from the
Rh target of the X-ray tube. By calculating the signal to back-
ground ratios for Fe and Mn with filter 4 (Thin Pd), the I/IB
values were less than 8 for all types of binders (Fig. 5).
Cellulose and starch binders seem to have lowest values I/IB
ratios for Mn and Fe. The commercial binders of starch and
wax have the highest values I/IB ratios for Fe. On the other
hand, the commercial urea and wax binders have also higher
I/IB ratios for Mn. In the case of Cu and Zn impurities, com-
mercial wax binder has the highest (I/IB) and the values
reached to 8 for Cu-Kα. The other signal to background

ratios (I/IB) for other binders are relatively similar with the
exception of commercial cellulose whereas (I/IB) values
reached to 4. At photon energy of 11.909 keV, the signal to
background ratios (I/IB) of Br-Kα are less than 3 with the
exception of the value Br-Kα in case of commercial urea
which reaches to 20. Therefore, cellulose (pure and commer-
cial) binders are the most suitable for the elements from Cr to

Fig. 4 X-ray spectra of pure
chemical grade and commercial
binder using thick Pd filter (Mid
Zc) at applied voltage of 28 kV

Fig. 5 Signal to background ratios for Fe, Mn, Ni, Cu, Zn, and Br using
different binders from 5 to 20 keV using Pd filters (thin, medium, and
thick)
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Ni. If the samples under investigation have no iron, starch
could be most applicable. Also, commercial urea is not suit-
able as a binder at this photon energy range.

High Z Element Filters (Thin and Thick Cu)

At high Z element, thin and thick Cu filters were used under
atmospheric pressure and applied voltages of 40 and 50 kV,
respectively. At this photon energy range, only the character-
istic K lines of the elements from Sr (Z = 38) to Ba (Z = 56)
could be detected. No L-lines can be measured with these two
filters. Figure 6 represents an example of the X-ray fluores-
cence spectra of the different binders at applied voltages up to
50 kV using a thick Cu filter. As seen from Fig. 6, only the
characteristic K-lines of Zr (Kα = 15.746 keV and Kβ =
17.687 keV) appear for all type of binders either pure or com-
mercial and it originates from the EDXRF instrument and
there is no need to calculate the signal to background ratio in
this case. The Zr and Rh K-lines could be treated as a perma-
nent background for all type of binders. It is clear that there are
no impurities that appeared at photon energy range from 14 to
37 keVwhichmeans the applicability of all binders either pure
or commercial at this range. As a conclusion, pure wax, cel-
lulose, and urea are the best candidate at all photon energy
ranges. At the two filters “Med Za” and “Med Zb”, the com-
mercial wax was not completely suitable, but it has some trace
elements. At photon energy above 14 keV, all the different

types of commercial and pure chemical grade binders are
completely suitable.

Thermal Analysis of Urinary Stones

The urinary stone samples belong to the group of bio-mineral
materials. Its constituents are generally organic and inorganic
substances in crystalline and non-crystalline structures. In order
to estimate the loss on ignition of the present urinary stones, the
ratios of inorganic and organic contents of the selected urinary
stone samples (#18 and #23) have been determined by their
simultaneous thermogravimetric-differential thermal analyses
(TGA-DTA). The selected urinary stone samples have almost
the same thermal behavior that contains five distinct weight loss
stages. Their TGA-DTA thermograms are shown in Fig. 7.
According to the X-ray diffraction pattern of sample #18, it
contains calcium oxalate monohydrate and uric acid in the ratio
of 1:3 as the major components. When heated, it decomposes in
five well-defined steps. At temperatures ranging from 100 to
200 °C, a first weight loss of 5.10% with an endothermic peak
was observed, corresponding to the loss of water of crystalliza-
tion [10]. At temperatures ranging 400 to 550 °C, second and
third weight loss steps of 63.58% with two exothermic and
endothermic peaks were observed, corresponding to the decom-
position of 2.5 mol of uric acids. At temperatures ranging 550–
630 °C, a fourth weight loss of 13.43% with an endothermic
peak was observed, corresponding to the decomposition of

Fig. 6 X-ray spectra of pure
chemical and commercial binders
using “thick Cu” filter (high Zb)
at applied voltage of 50 kV
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0.5 Mol of uric acid as well as the decomposition of anhydrous
calcium oxalate, with the loss of carbon monoxide. At temper-
atures ranging 630–800 °C, the fifth and final weight loss step
was determined to be 7.78%, corresponding to the decomposi-
tion of calcium carbonate to calcium oxide with the loss of
carbon dioxide [11, 12]. The composition of sample #23 has
been found to be 1 mol of calcium oxalate dihydrate and
1.5 mol of ammonium urate. As seen in Fig. 7, the pyrolysis
of sample #23 exhibits two broad endothermic peaks at around
150 and 250 °C accompanied by a total mass loss of 13.94%,
assignable for the removal of two water molecules of crystalli-
zation as well as 1.5 mol of ammonia. At temperatures ranging
420–610 °C, third and fourth weight loss steps of 51.92% with
two exothermic and endothermic peaks were observed, corre-
sponding to the decomposition of 1.0 mol of uric acid as well as
the decomposition of anhydrous calcium oxalate. At tempera-
tures ranging 620–800 °C, the final weight loss step was deter-
mined to be 12.44%, corresponding to the remained uric acid, in
addition to the decomposition of calcium carbonate to a mixture
of calcium oxide and carbon dioxide. Based on the defined five
distinct weight loss steps of urinary stone samples #18 and #23,
their total loss of ignitions was found to be 89.9% and 77.6%,
respectively. These quantities were considered during the calcu-
lations of the elemental quantitative analysis.

Quantitative Elemental Analysis of Pressed Urinary
Stones

The quantitative elemental analysis of two selected urinary
stone samples has been carried out using the standard-less
analysis method based on the fundamental parameter ap-
proach. The method was established earlier [13–15] and used
for many different applications such as hematite, sediments,
and plant samples [16–18]. Accurate descriptions of the

present EDXRF geometry, the absorption coefficients of the
specimen compositions, transition probabilities, fluorescence
yields, the matrix, and the irradiated area of the sample have
been considered due to their important role for the quality of
the quantitative analysis results. In addition, direct and indirect
excitations were considered during the iteration procedure of
the quantitative analysis calculation. Before measuring the
urinary stone samples by the EDXRF spectrometer, few mil-
ligram of the samples was treated by the thermal analysis in
order to estimate the loss on ignition accurately. Once the
percentage of the loss on ignition was determined for each
sample, the raw urinary stone samples mixed with selected
binder were measured by the EDXRF spectrometer. During
the iteration procedures of the fundamental parameter method,
the loss on ignition should be inserted to the software in order
to get accurate quantitative analysis results. Prior to the final
calculation of the elemental analysis of the urinary stone sam-
ples, the spectra of pure and/or commercial binders should be
subtracted from the related spectra of the prepared urinary
stone samples in order to eliminate the influence of the existed
impurities in the binders. The elemental quantitative analysis
results including the standard deviation expressed as 3 sigma
of the selected urinary samples (#18 and #23) are presented in
Tables 2 and 3. Pure chemical grade and commercial binders
of cellulose, wax, starch, and urea were used in order to ex-
plore the applicability of using all of them in the case of
pressed powder urinary stone samples. The commercial starch
C3 was selected to be used for the present elemental quanti-
tative analysis. The number of detected elements could be
varied from sample to another based on the natural and the
type of urinary stone. Themain element in present two urinary
stone samples is calcium which indicates the existence of cal-
cium oxalate in these two samples. The obtained quantitative
analysis results revealed that there is a generally good agree-
ment between the quantitative analysis results either with dif-
ferent pure or commercial binders. At low photon energy, the
low Z elements such as S, K, P, and Cl were quantified even
these elements exist in some type of binders as impurities.
Based on the standard deviation values mentioned in
Tables 2 and 3, the relative standard deviation for each ele-
ment was calculated. It was found that the relative standard
deviation with pure chemical grade and commercial starch
binders reached to 22% and 26% (sample 18) and 19% and
15% (sample 23) for P, respectively. In the case of K determi-
nation using pure chemical grade and commercial starch
binders, the relative standard deviation reached to 33% and
23% (sample 18) and 12% and 17% (sample 23), respectively.
However, the most of the relative standard deviations of the
quantitative analysis results for Cl and S decrease to less than
10% for the samples 18 and 23 with starch binders (pure
chemical grade and commercial). The most of other type of
binders (pure/commercial) gives good agreement quantitative
analysis results for S, K, P, and Cl with a relative standard

Fig. 7 Thermal gravimetric analysis (TGA) and derivative thermal anal-
ysis (DTA) of urinary stone samples #18 and #23 at temperature range
from room temperate to 1000 °C
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deviation of less than 10%. In case of high Z elements, the
quantitative elemental analyses for the elements Ca, Fe, Ni, Ti,
Cu, Zn, Se, Sr, and Br using different binders are in good
agreements either the pure or the commercial binders for both
selected samples. It was confirmed that there are no impurities
in the different binders (pure/commercial) at high photon en-
ergy. Therefore, all type of binders either pure chemical grade
or commercial can be used effectively with the pressed sam-
ples, especially at high photon energy.

ND not detected

Conclusions

At low Z elements, the pure chemical grade of wax was found
to be the most suitable binder for excitation up to Sc (Z = 21)
whereas impurities like Si, P, S, Cl, K, and Ca were found in
another type of binders especially in starch binders. Therefore,
the pure chemical grade and commercial starch binders are not
suitable for elemental quantitative analysis at low photon en-
ergy. Although of using pure chemical grade binders, some
impurities could be found and these impurities should be

Table 3 Quantitative elemental analysis of selected urinary stone sample (#23) in μg/g including the standard deviation expressed as 3 sigma using
different pure chemical grade and commercial binders for pressed sample

El. Wax Cellulose Starch Urea

Pure Comm. Pure Comm. Pure Comm. Pure Comm.

P 1725 ± 291 1811 ± 197 1788 ± 156 1755 ± 254 1895 ± 351 1802 ± 265 1683 ± 212 1678 ± 261

S 1882 ± 107 1905 ± 180 1760 ± 220 1850 ± 170 1980 ± 130 2096 ± 165 1930 ± 163 1944 ± 152

Cl 604 ± 50 612 ± 43 588 ± 26 570 ± 25 695 ± 23 735 ± 30 591 ± 12 578 ± 33

K 175 ± 75 182 ± 36 198 ± 61 192 ± 52 197 ± 24 205 ± 34 211 ± 22 181 ± 18

Caa 15.30 ± 0.15 15.73 ± 0.20 15.12 ± 0.31 15.22 ± 0.24 15.45 ± 0.30 15.22 ± 0.15 15.51 ± 0.40 16.1 ± 0.15

Ti 16 ± 8 15 ± 6 14 ± 3 17 ± 4 16 ± 5 18 ± 8 17 ± 3 16 ± 4

Fe 124 ± 9 133 ± 7 128 ± 6 121 ± 3 118 ± 9 130 ± 11 129 ± 8 131 ± 7

Ni 74 ± 3 81 ± 5 68 ± 6 77 ± 10 82 ± 8 86 ± 11 78 ± 7 79 ± 5

Cu 8 ± 3 10 ± 3 9 ± 4 12 ± 4 11 ± 4 13 ± 5 9 ± 3 7 ± 2

Zn 42 ± 3 38 ± 4 37 ± 5 41 ± 7 44 ± 6 43 ± 4 38 ± 3 36 ± 6

Se 6 ± 1 5 ± 2 4 ± 1 ND 7 ± 2 6 ± 2 ND ND

Br 21 ± 2 18 ± 4 23 ± 5 19 ± 4 25 ± 3 24 ± 2 17 ± 4 20 ± 3

Sr 90 ± 5 87 ± 4 94 ± 6 93 ± 4 97 ± 2 101 ± 7 84 ± 6 89 ± 5

a The concentration is in percent

ND not detected

Table 2 Quantitative elemental analysis of selected urinary stone sample (#18) in μg/g including the standard deviation expressed as 3 sigma using
different pure chemical grade and commercial binders for pressed sample

El. Wax Cellulose Starch Urea

Pure Comm. Pure Comm. Pure Comm. Pure Comm.

P 927 ± 237 897 ± 129 951 ± 219 912 ± 255 1094 ± 237 1187 ± 307 957 ± 254 971 ± 153

S 749 ± 51 765 ± 33 722 ± 64 735 ± 31 824 ± 42 833 ± 67 736 ± 28 784 ± 65

Cl 193 ± 23 185 ± 29 206 ± 23 209 ± 12 214 ± 33 226 ± 16 186 ± 19 197 ± 22

K 88 ± 30 93 ± 44 75 ± 22 80 ± 27 107 ± 35 114 ± 26 101 ± 34 98 ± 19

Caa 6.94 ± 0.11 6.83 ± 0.21 7.12 ± 0.21 7.15 ± 0.17 6.75 ± 0.10 6.58 ± 0.25 7.21 ± 0.17 7.08 ± 0.71

Fe 67 ± 7 75 ± 5 73 ± 10 57 ± 9 68 ± 10 76 ± 7 65 ± 5 69 ± 8

Ni 10 ± 4 12 ± 5 8 ± 3 11 ± 5 9 ± 2 12 ± 5 10 ± 5 12 ± 3

Cu 12 ± 3 10 ± 2 13 ± 5 12 ± 4 9 ± 2 11 ± 4 15 ± 4 14 ± 5

Zn 40 ± 3 38 ± 4 43 ± 5 41 ± 2 39 ± 5 44 ± 6 39 ± 4 38 ± 2

Se 4 ± 2 5 ± 3 7 ± 2 6 ± 2 6 ± 3 ND 7 ± 3 6 ± 2

Sr 164 ± 8 158 ± 6 173 ± 10 178 ± 6 158 ± 7 166 ± 10 174 ± 5 180 ± 12

a The concentration is in percent
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taken into account during the elemental quantitative analysis
of the urinary stone samples. Based on the elemental quanti-
tative analysis of the selected urinary stone samples, the fea-
sibility of using commercial chemical binders was demon-
strated especially for the elements of atomic number > 21. In
this case, the detected trace elements should be treated using
background correction before performing quantitative analy-
sis. The main advantages of using commercial chemical
binders are the availability and the low cost. In the present
study, the most suitable binder commercial binder was com-
mercial wax and it works very well at eight different photon
energy ranges. Without any doubt, the different types of
binders either pure chemical grade or commercial ones could
be used for pressed samples for XRF spectrometer at photon
energy higher than 15 keV.
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