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Abstract 

In this investigation, K shell valance electronic structure of Ni in Ni-B alloy coatings were studied by means of collecting 

the X-ray emission and XRD spectra. The data obtained were evaluated in terms of the K beta/K alpha X-ray intensity 

ratios and XRD data. The coated alloys were fabricated with using different concentrations of hexagonal boron nitride 

(hBN) for this study by electrochemical storage method. Besides saccharine and trimethylamine borane complex (TMAB) 

were added the current samples at constant concentration. The current specimens were excited by 59.5 keV photons from 

a 241Am annular radioactive source. K shell X-rays emitted by the specimens were detected by means of an Ultra-LEGe 

detector with a resolution of 150 eV at 5.9 keV. The K shell X-ray intensity ratios of Ni-B alloys are checked with pure 

Ni. Variations in the current outcomes were interpreted by the variation in valence electronic structures of Ni in Ni-B/hBN 

coating materials with doped TMAB and saccharine. 
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Öz 

Bu araştırmada, Ni-B alaşımlı kaplamalarda Ni'nin K kabuğu değerlik elektronik yapısı, X-ışını emisyonu ve XRD 

spektrumları toplanarak incelenmiştir. Elde edilen veriler K beta/K alfa X-ışını yoğunluk oranları ve XRD verileri 

açısından değerlendirildi. Kaplanmış alaşımlar, bu çalışma için farklı konsantrasyonlarda altıgen bor nitrür (hBN) 

kullanılarak elektrokimyasal depolama yöntemiyle üretilmiştir. Mevcut örneklere sabit konsantrasyonda sakarin ve 

trimetilamin boran kompleksi (TMAB) ilave edildi. Mevcut örnekler, 241 Am halka şeklindeki radyoaktif kaynaktan gelen 

59.5 keV fotonları tarafından uyarıldı. Örneklerden yayılan K kabuk X-ışınları, 5,9 keV'de 150 eV çözünürlüğe sahip bir 

Ultra-LEGe dedektörü vasıtasıyla tespit edildi. Ni-B alaşımlarının K kabuğu X-ışını yoğunluk oranları saf Ni ile kontrol 

edildi. Mevcut sonuçlardaki değişimler, katkılı TMAB ve sakarin içeren Ni-B/hBN kaplama malzemelerinde Ni'nin 

değerlik elektronik yapılarındaki değişim ile yorumlanmıştır. 

 

Keywords: Şiddet oranı, K kabuğu, XRD, XRF, Değerlik elektron yapısı 
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1. Introduction 

1. Giriş 
 
The XRF technique is a non-destructive 
spectroscopic technique that provides interaction 
between material and X-ray photons with a small 
amount of sample. In this sense, Energy dispersive 
X-ray fluorescence (EDXRF) method is one of the 

most widely used techniques and the K-shell X-ray 
intensity ratios, which vary according to the 
chemical and physical facilities of the samples, 
present the knowledge regarding the valence 
electron structure of the 3d metals (Pawłowski et 
al., 2002). X-ray spectra provide us the important 
information on issues such as the vacancy transfer 

probabilities, production cross sections, estimation 
of the effects of the valence electron structure and 
chemical environment on the intensity ratio, as well 
as the element contents (Gójska et al., 2020). 
Therefore, the K shell X-ray intensity ratios of 3d 
metals have been investigated by many of 
investigators (Alım et al., 2016; Garmay et al., 
2017; Gójska et al., 2020; Perişanoğlu & Demir, 

2015; Perişanoğlu et al., 2020; Uğurlu et al., 2019; 
Uğurlu et al, 2017). 

 
Transition metals have special uses mainly due to 
their hardness, high density, good thermal 
conductivity, high melting and boiling 
temperatures. Although some are lack of this 

feature, some have a very important place in our 
lives, like nickel (Uğurlu & Demir, 2020). Ni-B 
coatings; It is widely utilized in areas such as 
automotive, aerospace, petro chemistry, textile and 
electronics due to its high hardness, resistance to 
corrosion and strong resistance to abrasion. 
However, it is still being tried to improve its 

properties with various studies in order to be used 
in these areas (Chang et al., 2017; Matsui et al 
2017; Matsui et al, 2018; Mirak & Akbari, 2018; 
Ogihara et al., 2012; Onoda et al., 1999; Sanyal et 
al., 2013; Shakoor et al., 2014a, 2014b; Tozar, 
2020; Ünal & Karahan, 2018a, 2018b; Waware et 
al., 2018). 
 

Although it has been revealed that saccharine does 
not have a positive effect on properties such as 
corrosion, abrasion and hardness, it has been 
revealed that the TMAB has an effect on the 
particle size. In addition, it has been shown that 
saccharine substance reduces the concentration 
value of the metal in the alloy (Bahramian, et al., 

2018; Ignatova & Marcheva, 2016; Sanyal et al., 

2013; Sanyal & Jagirdar, 2012). 

 
When looking at previous studies, it seems that the 
element Ni is coated with hBN by means of adding 
TMAB and saccharin at a constant rate (Ikram et 

al., 2020; Siegel et al., 2019; Smid et al., 2012; 
Tyagi et al., 2010; Yıldırım et al., 2019; Zhang et 
al., 2010). It has been revealed that TMAB adheres 
to the surface of Ni/B composite coatings and 
creates micro-caves on the surface due to electric 
charges (Sheu et al., 2021). 
 
In this study, different concentrations of hBN 

coating material were added to the Ni-B alloy. 
TMAB and saccharine were also added at a 
constant concentration. The main goal of the 
current investigation is to interpret the valence 
electronic arrangement of Ni in Ni-B/hBN whether 
TMAB and saccharine substances added to 
improve some properties of the current alloys 

affect the valance electron structure with using the 
K shell intensity ratios. 

 
2. Material and methods 

2. Malzeme ve yöntem 
 

2.1. Sampling 

2.1. Numune  

 
Ni-B/hBN alloy coatings were electrodeposited on 
St-37 low carbon mild steel substrate in Watts type 
nickel electrolyte and the bath contains nickel 
sulphate (NiSO4.6H2O) (240 g/l) , boric acid 
(H3BO3) (30 g/l) and nickel chloride (NiCl2.6H2O) 
(45 g/l) as source of nickel, trimethylamine borane 

complex (TMAB) (5 g/l) gas source of boron, hBN 
(5,10,15 and 20 g/l) as reinforcing particles, 
saccharine as grain refining agent, sodium dodecyl 
sulphate (SDS) (0.5 g/l) as surfactant and 
saccharine at 2 g/l. Table 1 shows that production 
and  bath facilities. The other parameters such as 
ultrasonic stirring, temperature, pH, preparing 

time, stirring speed and current density were 
adjusted as ; 30 minutes, 43oC, 4, 60 minutes, 500-
600 rpm and 50 mA/cm2; respectively. The pure 
nickel and nickel-bor hBN coating composite 
material alloys used in this work are manufactured 
by (Ünal & Karahan, 2018b) and are tabulated in 
the Table 1 with their production facility. The 

concentration values in Table 1 are weight percentage 

values and the EDX result was obtained for these 

concentration values. 
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Table 1. Sample production process and concentration values 

Tablo 1. Numune üretme süreci ve konsantrasyon değerleri 
 

Production Facilities Pure Ni A22 A24 A25 

Ni % 100 85.74 84.7 87.2 

B % - 13.2 14.10 11.15 
N % - 1.05 1.19 1.58 

H3BO3 (g/l) - 30 

NiSO4 (g/l) - 240 

NiCl2 (g/l) - 45 

TMAB (g/l) - 3 

Saccharine (g/l) - 2 

hBN (g/l) - 5 15 20 

SDS (g/l) - 0.5 

Ultrasonic stirring (min.) - 30 

Temparatute (0C) - 43±1 

pH - 4 

The duration of deposition (minute) - 60 

The ratio of agitation(rpm) - 500-600 

Current Density (mA/cm2) - 50 

 
2.2. EDXRF measurements 

2.2. EDXRF ölçümleri 
 

The experiment geometry consists of an Ultra Low 
Energy Germanium detector which has thickness 

of 5mm and energy resolution 150 eV at 5.96 keV, 
radioactive source which emits 59.5 keV photons 
from 50 mCi 241Am and the target are illustrated 

which is covered by a lead collimator in figure 1. 

 

 
 

Figure 1. The current experimental geometry with 50 mCi 241Am source with the angles 
Şekil 1. 50 mCi 241Am kaynaklı kullanılan deney geometrisi 

 
The experimental set up was established so that the 
angle of emitted primary photon flux with the 

specimen surface was 45° and the X-ray 
fluorescence beam from the specimen was 90° with 
the specimen surface. In this experiment, the 
counting time was set to 10000 s for each sample. 
In the current investigation, the spectra analysis 
was made with using WinAxil Mitac 4.0 version 
program for the designation of the peak analysis. 
First of all required points subtracting as marking 

were removed thus background subtraction is done 

and X ray peaks are fitted as Gaussian functions 
with using PFM (Peak Fitting Module) in this 

program.  
 

2.3. XRD measurements  

2.3. XRD ölçümleri 
 
The X-ray diffraction pattern of Ni-B/hBN 
composite material was obtained with using 
Rigaku X-ray diffractometer performed for 40 kV 

potential and 30 mA current with Cu Kα photon.  
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2.4. Calculations 

2.4. Hesaplamalar 
 
(Kβ/Kα) intensity ratio was calculated with the 
equation shown below: 
 
IKβ

IKα
=

NKββKαεKα

NKαβKβεKβ
                                                   (1) 

 
where N(Kα) and N(Kβ) are the net photon numbers 
under the Kα and Kβ peaks, ε(Kα) and ε(Kβ) are the 
detector efficiencies of Kα and Kβ, β (Kα) and β (Kβ) 

are the self-absorption correction factors 
determined as following equation: 
 

β =
1 − exp [− (

μinc

cos θ1
+

μemt

cos θ2
) t]

(
μinc

cos θ1
+

μemt

cos θ2
) t

                  (2) 

 
where μinc and μemt are the mass attenuation 

coefficients (cm2/g) of incident photons and 
emitted K X-rays respectively. θ1and θ2 are the 
angles of incident photons and emitted X-rays with 
respect to the normal at the surface of the specimen 
in the current experimental geometry and t is the 
mass thickness of the specimen in g/cm2.  
 
I0Gε term which is consist of the primary photon 

beam, geometrical factor and the efficiency of the 
radiation detector, were gathered the Kα and Kβ  X-
ray spectra K, Ca, Ti, Cr, Mn, Co, Ni, Zn, Ga, As, 

Se, Br, Y, Mo, Sn and Te in the same experimental 

set-up utilizing the following formula: 
 

I0GεKi =
NKi

σKiβKim
[i = α, β]                                  (3) 

 
Where the terms NKx and βKx are the net photon 
numbers under the  Kx peak and β (Ki) is the self-
absorption correction factors, respectively. mi is the 
chemical composition (g/cm2). σKx X-ray 
production cross-section was determined with the 

help of the formula below: 
 

σKx = σK(E)ωKFKx (x = α and β)                     (4) 
 
Where σK (E) is the K-shell photoionization cross-
section of the current element for the excitation 
energy E, ωK is the K-shell fluorescence yield, and 
FKx is the emission rate of the fractional X-ray for 
Kα and Kβ X-rays. The factor I0GεKx was plotted 
and fitted as a function of energy utilizing the 

polynomials: 
 

I0GεKx = A0 + A1Ei + A2Ei
2 + A3Ei

3(1st part) 
                 (5) 

I0GεKx = B0 + B1Ei + A2Ei
2 (2nd part)           (6) 

 
where Ei is the Kα or Kβ X-ray energy. The 
deviation I0GεKx as a function of the K X-ray 
energy is illustrated in Figure 2. The formulas (5) 
and (6) correspond to the first and second parts of 
Figure 2, respectively. 

 

 
Figure 2 . The variation of the factor I0Gε as a function of the mean K X-ray energy for 50 mCi 241Am source 
Şekil 2. 50 mCi 241Am için ortalama K X-Işını enerjisinin fonksiyonu olarak dedektör verim eğrisi 
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3. Results and discussions 

3. Sonuçlar ve tartışma 
 

The chemical environments of the elements that 
make up the alloy affect the chemical bond states, 
crystal structures, and characteristic X-ray 
emission and absorption probabilities in general. 
The K X-ray spectrum of Ni for specimen A25 is 

illustrated in the figure 3. The horizontal axis 

represents the energy (keV) and the vertical axis 

represents the photon counts. The horizontal axis 
shows the angle and the vertical axis shows the 
intensity. When looking at the X-ray spectrum of 
the A 25 sample in the figure 3, it is seen that there 
is no shift in the energies corresponding to the 
peaks of the Ni K alpha and beta peaks. This 
demonstrates the reliability of the XRF system. 

 

 
 

Figure 3. K X-ray spectra of Nickel measured with 50 mCi 241Am 
Şekil 3. Nikel elementine ait ölçülen K X-ışını spektrumu 

 
The XRD spectra was shown as Figure 4. The 
added hBN, TMAB and saccharin substances while 
forming the alloy affected the 3d electron 
populations and as a result, the K shell X-ray 

intensity ratios is changed. Looking at the XRD 
peaks in the figure 4, it is seen that the Ni peaks 
change with the addition of hBN. Ni(111), Ni(200), 
Ni(220) and Ni(311) peak intensities in the XRD 
spectrum decrease as hBN is added. In the previous 

studies, it has been reported that the concentration 
values change with the addition of saccharin and 
the particle size changes with the addition of 
TMAB. Such conditions affect the electron density 

and can change the K shell X-ray intensity ratios 
(Bahramian et al., 2018; Cengiz, Köksal, Apaydın, 
Karahan, & Ünal, 2019; Ignatova & Marcheva, 
2016). 
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Figure 4. XRD Spectra 
Şekil 4. XRD spektrumları 

 
The SEM images were illustrated in the Figure 5 for the current samples. 

 

 
 

Figure 5. SEM Images (A7, A22, A24 and A25; respectively) 
Şekil 5. SEM görüntüleri (sırasıyla, A7, A22, A24 and A25) 

 
In this study, the experimental results are given for 

the 𝐼𝐾𝛽 𝐼𝐾𝛼⁄  of Ni, B and N composite materials 

with doped TMAB and saccharin. When looking at 
the table 2, the intensity ratio for pure Ni is 

tabulated Scofield, Coulomb and Babushin values. 
The current values are consistent with Scofield's 
theoretical value. 
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Table 2. Experimental K X-Ray Intensity Ratios of Ni in NiB alloy coatings (𝐼𝐾𝛽 𝐼𝐾𝛼⁄ ); Relative K X-Ray 

Intensity Ratios of Ni in NiB alloy coatings (𝑅𝐾𝛽 𝑅𝐾𝛼⁄ ) with respect to Pure Ni. 

Tablo 2. Saf Ni elementine göre NiB alaşımının içindeki Ni için deneysel K X-ışını şiddet oranı (𝐼𝐾𝛽 𝐼𝐾𝛼⁄ ); 

NiB alaşımının içindeki Ni için göreli K X-ışını şiddet oranları (𝑅𝐾𝛽 𝑅𝐾𝛼⁄ ) 

 

Specimen Exp.  Theo.    

 𝐼𝐾𝛽 𝐼𝐾𝛼⁄  𝑅𝐾𝛽 𝑅𝐾𝛼⁄  
Scofield 1974 

(Scofield, 1974) 
 

Coulomb gauge 
(Polasik, 1998) 

Babushin 
gauge 

Pure Ni 0.1236±0.0074 1.0000 0.1227 

3d84s2 

3d94s1 
3d10 

0.1361 

0.1333 
0.1313 

0.1374 

0.1346 
0.1325 

A22 0.1358±0.0081 1.3182±0.0079 ---  --- --- 

A24 0.1413±0.0085 1.3717±0.0082 ---  --- --- 

A25 0.1408±0.0084 1.3670±0.0082 ---  --- --- 

 
However, when compared with the Coulomb and 
Babuskin gauges for all cases, it is seen that the K 

shell X-Ray intensity ratio is smaller for pure 
Nickel than Scofield theoretical value. It is seen 
that the K shell X-ray intensity ratios of the alloys 
are larger than pure Nickel and when considering 
the Babuskin and coulomb gauges. The alloying 
effect on the intensity ratio can be changed by the 
change of valence electron structure due to the 
altered shielding by the repositioning of the 

charges in the d orbital. This change is related to 
the rearrangement of electrons between 3d (4s, 4p 
).  If the electron in the d orbital of one element is 
transferred to the d orbital of the other element, it 
is changed for different alloy compositions. 
Therefore, the intensity ratio depends on the alloy 
compositions. With the addition of saccharine, this 

composition changed and the intensity ratios 
changed compared to the saccharine-free Ni-B 

alloys (Brunner, Nagel, Hartmann, & Arndt, 1982).  
The changes in the K-shell X-ray intensity ratios 

are thought to be due to the alloying effect. This 
significant difference is caused by the charge 
transfer and rearrangement processes. So the 
valence electron structure can be affected by this 
situation.  
 
The overall error in the Table 3 is predicted as 6%. 
This error is the quadrature sum of the errors in the 

various parameters utilized to consider the K-shell 
fluorescence parameters, i.e. counting statistics 
(2%) (N(Ki) (i=α, β)), different parameters used to 
evaluate factor (2%) (I0GεKx), Absorption 
coefficients correction at incident and emitted 

photon energies (1.5%) ( ) and Weight and 

thickness of the samples (1%) (t). 

 
Table 3. Uncertainties in the quantities used to determine the parameters 
Tablo 3. Deneysel paramaterelerin belirlenmesindeki hatalar 

 

Quality Reason for Error Uncertainty (%) 

N(Ki) (i=α, β) Counting statistic ≤ 2 

İK0GI 
 

Different parameters used to evaluate factor ≤ 2 

  Absorption coefficients correction at incident and 
emitted photon energies 

≤ 1.5 

t Weight and thickness of the samples ≤ 1 

 
4. Conclusion 

4. Tartışma 
 
In this investigation, the K-shell X-ray intensity 
ratios of nickel in pure Ni and TMAB and 
saccharine doped Ni-B alloy coatings were 

experimentally calculated. While the experimental 
K-shell X-ray intensity ratios of pure nickel are 
consistent with the theoretical values of Scofield, 
they are lower than the values of Coulomb and 

Babuskin gauges. In previous studies, it has been 
stated that saccharin affects the element 
concentration values, while TMAB changes the 
grain size. It is seen that these changes can change 
the intensity ratios. In addition, it has been revealed 
that TMAB adheres to the surface of Ni/B 

composite coatings and creates micro-caves on the 
surface due to electric charges. Another reason for 
the decrease in the intensity ratio in the alloys used 
is the possibility of enhancement boron and 
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nitrogen by the characteristic Kα and Kβ peaks of 

Nickel. It is thought that this situation will affect 
the valence electron structure. Therefore, this 
phenomenon, charge transfer and rearrangement 
processes also affect the valence electron structure 
of pure nickel. 
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