
ABSTRACT: In this study,  in the product waste after treatment of boron the different masses, cellulose ratios and 
different scanning surface areas effect on analysis results and the effect of press pressing on the analysis results in 
the potassium nitrate (KNO3) samples were investigated. The aim of our work is determined the different masses, 
cellulose ratios, press pressing, and different scanning surface areas effect on the analysis results by using the 
Wavelength Differential X-Ray Fluorescence Spectrometer (WDXRFS).

Keywords:Analysis, boron, wavelength dispersive x-ray fluorescence spectrometer.

ÖZET: Bu çalışmada borun işlenmesinden sonraki ürün atığında, farklı kütleler, selüloz oranları ve farklı tarama 
yüzey alanlarının analiz sonuçları üzerine etkisi ve potasyum nitrat (KNO

3
) numunesinde pres basıncının analiz 

sonuçlarına etkisi incelenmiştir. Çalışmamamızın amacı farklı kütleler, selüloz oranları, pres basıncı ve farklı tarama 
yüzey alanlarının analiz sonuçları üzerine etkisini Dalgaboyu Ayrımlı X-Işını Floresans Spektrometre (WDXRFS) 
kullanarak belirlemektir.

Anahtar Kelimeler:Analiz, bor, dalgaboyu ayrımlı x-ışını floresans spektrometre. 
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INTRODUCTION

Investigation of severities of X-ray lines for 
different elements is an important task in atomic, 
molecular and radiation physics, geological and 
medical research, the qualitative and quantitative 
analysis in other fields. So, It is necessary the 
accurate measurements of these lines. Factors 
that influence measurements such as the sample 
preparation process, the effect of the counting system 
and environmental conditions are important. The 
sample preparation process is an important step in the 
chemical analysis process. The sample preparation 
process is an important step in the chemical analysis 
process. Analysis of atomic spectroscopic procedures 
practically always necessitates a simple or more 
complex preparation process of the samples. This step 
is the most critical part of the analysis due to an error 
in this step affects all measurement results (Hoening 
and Kersabiac, 1996; Cal-Prieta et al., 2002; Oliveira, 
2003). However, if one examines the literature one 
often finds that details on how a sample was prepared 
are often omitted for most analytical methods of 
analysis (Buhrke, 1998).

In the literature, a variety of experimental 
data relevant to the qualitative and quantitative 
analysis of different samples available. Multi-
element analyses of plants have been studied by 
using WDXRFS. However, the multi-element 
composition of plant samples has been analyzed by 
using x-ray fluorescence spectrometry (Garivait et 
al., 1997). A simple and cheap procedure has been 
described for simultaneous determination of V, Cr, 
Mn, Fe, Co, Ni, Cu and Zn contents in water by 
means of WDXRFS after preconcentration (Yamini 
et al., 2009). A comparative study on the elemental 
composition of various hazelnut (Corylus avellana L.)  
samples has been conducted by using a sensitive 
procedure, WDXRF (Akbaba et al. 2011). A method 
has been developed for quantitative measurement 
of the elemental composition of particulate matter 
(PM) in seawater. This procedure is based on the 
use of WDXRF analyzing PM harvested on various 
filter types (Paulino et al., 2013). Concentrations of 
trace mineral nutrients such as Cu, Fe, and Zn have 
been analyzed by WDXRF in eight different infant 

milk powders (Fernandes et al., 2015). Elemental 
analysis of different soil and geological samples have 
been determined by using WDXRF (Kubala et al., 
2015). WDXRF has been used for quantitative and 
qualitative analysis of the elemental composition of 
cosmetic products (McWilliams et al., 2015). Enamel 
and dentine in human, bovine, porcine and ovine 
teeth have been determined by using WDXRF. The 
chemical compositions of these samples have been 
compared by using WDXRF technique (Teruel et al., 
2015). The rare earth elements in combustion ashes 
from selected Polish coal mines have been determined 
by using WDXRFS (Smolinski et al., 2016). It is seen 
that there are few studies on the factors affecting the 
WDXRF measurement results in the literature review. 
The goal of this work completes this deficiency of the 
literature and other studies create basis.

MATERIAL AND METHOD

Preparation of sample

Firstly, samples milled to ensure homogeneity 
about 10 min. After, these samples are mixed at 2 min 
by SPEX mixer. The powder samples were compressed 
using 7-10  tons pressure manual hydraulic press. The 
pellets were prepared for product waste after treatment 
of boron (100, 150, 200, 250, 300, and 350 mg mass) 
and KNO3

 (150, 200, 250, 300, 350, 400, and 450 
mg mass). However, product waste after treatment of 
boron (200 mg mass) was added different ratios of 
cellulose.

Wavelength dispersive x-ray fluorescence 
spectrometer

The element concentrations were detected 
by using WDXRFS of ZSX 1000 of Rigaku firm. 
Elements, in a wide range, from Be to U, can be 
analyzed in a variety of sample types and in the 
concentration range from 100% down to the sub-
ppm-level. This system has the ability to analyze 
the energy range 0.1-5.9 keV. Additionally, it is the 
counting time 10-4000 s, counting rate 5x103 s-1 and the 
detection limits in 1000 second around (ng, mg, g-1).  
The schematically arrangement of the WDXRFS used 
in this study is shown in Figure 1.
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Figure 1. The schematically arrangement of the WDXRFS

RESULTS AND DISCUSSION

In present work, we examined the factors such as 
pressure, mass, the ratio cellulose, scanning surface 
areas and press pressing for two samples that influence 
on element concentration and measurement results 
with WDXRFS. Results of measurement are given with 

tables. Firstly, the effect of some factors were examined 
for product waste after treatment of boron. The effect 
on elements concentrations of cellulose ratio (0%,  
1%, 2%, and 4%) are given Table 1 for product waste 
after treatment of boron

 
(200 mg mass).
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Table 1. The concentration of elements (μg/cm2) for product waste after treatment of boron (200 mg)

Table 1. it is clearly seen that the concentrations of 
elements remarkable change was not observed in 0%, 
1%, and %2 cellulose ratios. Contrary to it, generally, 
concentrations of elements decreased for 4% cellulose 
ratio. However, the concentrations of elements are 
different in 0% cellulose ratio. This difference is not 
most remarkable but most important. The cellulose is 

enough to be able to pellet the sample. If it is obligatory 
to added cellulose in the sample, several measurements 
should be taken at different cellulose rates. The effect 
on elements concentration of sample mass is listed 
Table 2 for product waste after treatment of boron (100, 
150, 200, 250, 300, and 350 mg mass).
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Table 2. The concentration of elements (μg/cm2) for product waste after treatment of boron 

As seen in Table 2, in the concentrations of elements 
remarkable change was not observed for product waste 
after treatment of boron (100, 150, 200, 250, 300, and 
350 mg mass). The reason is that during the WDXRFS 
measurements often the of the surface of the samples 
are scanned. Besides it was observed that the samples 
with 100 and 150 mg masses had surface cracking 
and color change during the analysis. The effect on 

element concentrations of scanning the surface area of 
the sample (3 mm, 10 mm, and mylar-coated 10 mm 
sample diameter) shown in Table 3 for product waste 
after treatment of boron (100 mg mass). 

In this section, 13 mm diameter tablet samples 
were prepared and 3 mm and 10 mm diameter scanning 
surface were selected from the measuring system for 
these samples.
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Table 3. The concentration of elements (μg/cm2) for different scanning the surface area of product waste after boron treatment

It is observed from Table 3, generally, that 
concentrations of element decreased to 10 mm diameter 
(mylar-coated). The concentrations of elements 
remarkable change weren’t observed for 3 mm and 10 
mm diameter. 

Secondly, the effect of press pressure is examined 
for KNO

3.
 The effect on element concentrations of 7-ton 

press pressure and 10-ton press pressure is listed Table 
4 and 5 for KNO

3 
(13 mm diameter, 100, 150, 200, 250, 

300, 350, 400, and 450 mg mass).

Table 4. The concentration of elements (μg/cm2) for 7-ton press pressure applied to KNO
3
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Table 5. The concentration of elements (μg/cm2) for 10-ton press pressure applied to KNO
3
 

In Tables 4. and 5, the concentrations of element 
significant change was observed. The elemental 
concentrations have a relative change of 7 and 10 tons’ 
pressure. Also, when pressure increases from 7 to 10 
tons, generally, the Z > 11 increased concentrations 

of elements and Z ≤ 11 decreased concentrations of 
elements. These results demonstrate the importance 
of the applied pressure and sample thickness when 
preparing the sample.

CONCLUSIONS 

As a result, the sample preparation process is 
an important step in qualitatively and quantitatively 
analyzed. The experiments and measurements depend 
mainly upon the mass of the sample, applied pressure, 
the ratio of cellulose, the effect of scanning the surface 
area of the sample, instrument operation conditions 
and the environmental conditions. So, these conditions 

should be taken into account in order to good 
experimental results. 

These conditions should be taken into account for 
future experimental studies. In the future, this work 
repeatable for EDXRF (Energy Dispersive X-Ray 
Fluorescence) or different measurement systems, 
different samples, different energies, and different 
experimental factors.
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