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ABSTRACT: A nose cone is the conically shaped tip part of a missile, bomb or aircraft, used to regulate 
the behavior of oncoming airflow and minimize drag. In this study, the effects of different nose cone 
designs on the trajectory and impact angle of smart fire extinguishing ammunition were investigated. 
For this purpose, three different types of ammunition with different nose cone profiles were designed: 
spherically blunted conic nose cone, spherically blunted tangent ogive nose cone and truncated tangent 
ogive nose cone. A virtual wind tunnel was created in the computer environment and CFD software was 
used to calculate the drag coefficients for each design. By applying Newton's second law of motion, the 
horizontal distance the ammunition received before the striking fire, impact speed, and impact angle 
were calculated. The obtained results were compared using One-Way ANOVA (analysis of variance) to 
determine whether there is statistical evidence that the associated population means are significantly 
different. It was determined that the three types of nose cone designs examined did not have a significant 
effect on the impact speed, impact angle and horizontal distance of the ammunition at the investigated 
speeds and altitudes. On the other hand, flame detection, distance measurement and impact sensors, 
which should be in the smart fire extinguishing ammunition, should be on the plane at the front of the 
ammunition and in contact with the external environment. To place these sensors in the nose cone, a 
truncated tangent ogive nose cone was chosen as the nose cone for the smart fire extinguishing 
ammunition. 

Keywords: Aerial Fire Fighting, Smart Fire Extinguishing Ammunition, Nose Cone, CFD. 

 
1. INTRODUCTION 

Aircraft, or any type of body moving through a fluid, encounter a drag force that decreases their 
performance. The drag force is due to the combined effects of pressure and wall shear forces in 
the flow direction. The part of drag that is due directly to wall shear stress  is called the skin 
friction drag (or just friction drag), and the part that is due directly to pressure P is called the 
pressure drag [1]. Pressure drags occurs by resultant pressure distribution over the surface [2]. 
Layer separation occurs when the flow slows down and static pressure increases in the direction 
of flow [3]. This situation is also known as adverse pressure gradient [4]. Adverse pressure 
gradients produce pressure drags. To improve performance, designers working in this area 
should identify where these resistance forces are dominant and eliminate or minimize them. 
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The most important parts of a body exposed to these influences as it passes through a fluid are 
nose cones. A nose cone is the conically shaped tip part of a missile, bomb or aircraft, used to 
regulate the behavior of oncoming airflow and minimize drag. Nose cone profiles have a 
significant impact on aerodynamic characteristics [5]. Because they are the first parts that meet 
the resistance forces, arising from pressure and friction drags. Nose cones serve to regulate the 
behavior of the oncoming airflow and minimize drag. However, at velocities below 0.8 Mach, 
the pressure drag for all kinds of the nose cone is zero and the main resistance factor is the 
friction drag [6]. To reduce the drag forces and increase the performance of the design, the most 
appropriate nose cone type should be chosen. Conic, spherically blunted conic, bi-conic, tangent 
ogive, spherically blunted tangent ogive, secant ogive, elliptic, parabolic, power series and 
Haack series are the cone designs generally used for aerospace applications [6]. 

Smart fire extinguishing ammunition (SFEA) is a new and effective product we have designed 
for use in aerial firefighting (Figure 1a). This product was called smart fire extinguishing 
ammunition, taking into account some electronic equipment and software that makes the 
product autonomous. To realize the design goals and requirements, and also to ensure the 
practicality and cheapness of its use, the ammunition was designed with the dimensions of MK-
82 air-to-ground general-purpose NATO ammunition (Figure 1b). There is a boron-based 
extinguishing agent in the ammunition and the ammunition is thrown onto the fires from an air 
vehicle. The explosive placed in the ammunition center detonates when it reaches the fire area 
and the extinguishing agent is scattered over the fire area.  

 
 

(a)  (b)  
 

Figure 1. (a) Smart fire extinguishing ammunition (SFEA) (b) Low drag general-purpose bomb Mark-82 
 
SEFA is expected to do its job successfully regardless of the type of fire. For this to happen, 
the spread of the extinguishing agent on the fire must occur in different patterns. One way to 
achieve this result is to drop the ammunition on the fire at different angles. Figures 2 and 3 
show what the angles of impact of SFEA should be for different types of fires and what the 
dispersion of the extinguishing agent should be. 

  

 
Figure 2. Circular scattering template of SFEA 



Toptaş and Yılmaz, Effects of Different Nose Cone Designs on Trajectory and Impact Angle of Smart Fire Extinguishing Ammunition 

3 
 

  

 
Figure 3. Elliptical scattering template of SFEA 

 
This study aims to determine the most appropriate type of nose cone for SFEA and to examine 
the effects of different nose cone designs on the trajectory and impact angle of SFEA. For this 
purpose, three different types of ammunition with different nose cone profiles were designed: 
spherically blunted conic nose cone, spherically blunted tangent ogive nose cone and truncated 
tangent ogive nose cone. A virtual wind tunnel was created in the computer environment and 
Ansys Fluent 16.0 was used to calculate the drag coefficients for each design. By applying 
Newton's second law of motion, the horizontal distance the ammunition received before the 
striking fire, impact speed, and impact angle were calculated. The obtained results were 
compared using One-Way ANOVA (analysis of variance) to determine whether there is 
statistical evidence that the associated population means are significantly different. As a result 
of the study, the most appropriate type of nose cone for SFEA was determined.  

 
2. SMART FIRE EXTINGUISHING AMMUNITION (SFEA) 
 
Aerial firefighting methods are complementary to land firefighting methods. In aerial 
firefighting methods, extinguishing agents such as water, foam and soil are left on fires by an 
air vehicle. However, because of the air resistance and also airflows caused by the heated air, 
the appropriate amount of extinguishing material can not reach its target. Therefore, an 
innovative and effective product, which can be used in aerial firefighting, has been designed. 
This product was called smart fire extinguishing ammunition (SFEA), taking into account 
several electronic equipment and software that make the product autonomous. SFEA is an 
effective product that has not been designed before. To realize the design goals and 
requirements, and also to ensure the practicality and cheapness of its use, the ammunition was 
designed with the dimensions of MK-82 air-to-ground general-purpose NATO ammunition 
(Figure 4). In this way, it will be possible to load the SFEA without the need for any change on 
the aircraft which will carry ammunition. This means that no extra infrastructure investment 
costs will arise for the countries that will purchase the SFEA. The target of the SFEA is open 
area fires such as forests, petrochemical plants, oil and gas transmission lines and ammunition 
depots outside of residential areas. The purpose of SFEA is to deliver the extinguishing agent 
in the ammunition to the fire point with minimum deviation without being affected by weather 
conditions. Having the appropriate sensors, electronic equipment and software, the SFEA can 
determine the most suitable point where the explosion will occur after the ammunition is 
dropped from the aircraft. 
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The SFEA consists of ammunition body, nose cone, tail-wing assembly, extinguishing - cooling 
material, explosive substance, fuze, electronic equipment and software. Figure 5 shows the 
components of the smart fire extinguishing ammunition.  

The SFEA is a new product for both the fire-fighting industry and the aviation industry. If the 
product goes into mass production, a combat tool that will make significant contributions in 
fighting fires will be obtained. Extinguisher-coolant can be left on the fire in the correct amount 
so that while the fires are extinguished, there will be no damage to the environment due to the 
use of excessive chemicals. In addition, considering both the efficiency of the product and the 
speed factors of the aircraft, fires can be controlled without spreading over large areas as before.  

To design and create the three-dimensional product, computer-aided design software (Catia 
V.5) was used. Structural, flow and explosion analyses of the product were performed with 
ANSYS software. The software of the product was written in the C programming language. 
 

 
 

Figure 4. Dimensions of MK-82 ammunition [7] 
 
 

 
 

Figure 5. The smart fire extinguishing ammunition (SFEA) 
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3. MATERIAL AND METHODS 

3.1. Design of Nose Cones 

Various types of nose cones and their aerodynamics performances have been investigated in 
the literature [5,6,8]. Three nose cone types have been selected and designed to suit the 
ammunition so that the SFEA will achieve the expected objectives and create a low drag 
coefficient. The nose cones examined are spherically blunted conic, spherically blunted tangent 
ogive and truncated tangent ogive type nose cones (Figure 6). 

  

 
(a 

 
(b)  

 
(c)  

 
Figure 6. Types of nose cones studied: (a) Spherically blunted conic nose cone;  

(b) Spherically blunted tangent ogive nose; (c) Truncated tangent ogive nose cone 
 
Spherically blunted conic nose cones are created by blunting conic cones with a sphere (Figure 
7-8). The point where the sphere meets the cone (tangent point) can be found from the following 
equations [7]: 

22

2
n

2

t LR

r

R

L
x


               (1) 

L

Rx
y t

t                 (2) 

here “L” is the total length of the nose cone, R is the radius of the base, rn is radius of sphere 
which used for blunting. The center point (xo) and apex point (xa) of the blunting sphere can be 
found using Eqs. (3) and (4), respectively: 

2
t

2
nt0 yrxx                (3) 

n0a rxx                 (4) 

The second type of nose cone examined is the spherically blunted tangent ogive nose cone 
(Figure 9-10). Tangent ogive shape profiles are created by a segment of a circle tangent to the 
curve of the nose cone at the base of the missile, bomb, or aircraft. If this nose cone profile is 
blunted by capping it with a segment of a sphere, the point where the sphere meets the cone 
(tangent point) (Figure 10) can be found from the following equations: 

R2

LR 22 
                                                   (5) 

    RxLy 22              (6) 
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2
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The apex point can be found using the same equation for the spherically blunted conic nose 
cone: 

n0a rxx               (10) 

The third type of nose cone examined is the truncated tangent ogive nose cone (Figures 11 and 
12). This type of nose cone is the same as the spherically blunted tangent ogive nose cone, 
except that the nose part is not spherically blunted, but is truncated directly after a certain length 
(Figure 12). The design equations for the truncated tangent ogive nose cone are the same as for 
the spherically blunted conic nose cone, except that the truncated tangent ogive nose cones are 
cut at a distance xa from the tip and are not blunted by any geometric shape (Figure 12). 

 

 
 

Figure 7. Spherically blunted conic nose cone 
 

 
 

Figure 8. Spherically blunted conic nose cone profile [9]  
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Figure 9. The spherically blunted tangent ogive nose cone 
 

 
 

Figure 10. Spherically blunted tangent ogive nose cone profile [9] 
 

 
Figure 11. The truncated tangent ogive nose cone 

 

 
 

Figure  12. The truncated tangent ogive nose cone profile [9] 
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3.2. Creating Solid Models of Nose Cones 

To realize the design goals and requirements, three suitable nose cone types were selected from 
the literature and modeled for the ammunition. Using Eqs. (1)-(10), the x and y coordinates for 
each nose cone were determined. Then, these coordinates were transferred to a 3D design 
software (Catia V5.R.20) and solid models of the objects were created. This solid model of nose 
cones was mounted to the body of SFEA.  These models are given in Fig. 13. 

  

 
(a) 

 
(b) 

 
(c) 

 
Figure 13. Different nose cones assemblies on ammunition body: (a) Spherically blunted conic nose cone;  

(b) Spherically blunted tangent ogive nose; (c) Truncated tangent ogive nose cone 
 

3.3. Creating The Mesh Structures 

The generated mesh structures and inflation layers associated with the ammunition geometries 
are shown in Figure 14. 

3.4. Ammunition Trajectory and Impact Angle Calculations 

The motion and path of the SFEA dropped from the aircraft can be described by Newton's 
second law of motion. If the trajectory of the SFEA dropped from the aircraft under the effect 
of drag force is expressed by force equations, the following equations are obtained. Here, the 
direction of the ammunition is taken as "+x" and the direction of fall (direction of gravity) is 
taken as "-y": 
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mACb ad                                                         (13) 

b: air resistance (m-1) 

m: mass of ammunition 

air: density of air (kg/𝑚ଷ) 

A: cross-sectional area of ammunition (m2) 

Cd: drag coefficient 

(a) 

(b) 

(c) 
 

Figure 14. Mesh structures and inflation layers of nose cones: (a) Spherically blunted conic nose cone;  
(b) Spherically blunted tangent ogive nose; (c) Truncated tangent ogive nose cone 
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If Eqs. (11) and Eq. (12) are divided by mass, substituting dVx/dt for ax, dVy/dt for ay, and Δt 
for dt, the following equations are obtained: 

    tVbVtVttV xxx                  (14) 

    tVbVtgtVttV yyy                 (15)  

When equations (14) and (15) are entered into a spreadsheet, Vx, Vy velocities, a path taken by 
the ammunition in the x-direction, and total travel time can be calculated for different heights 
(h) and drag coefficients (Cd). Using the obtained velocities Vx and Vy, the impact angle (θ) is 
calculated by the following equation: 

 xy
1 VVtan              (16)    

3.5. Extinguishing Agent Release Rate Calculation 

The velocity vector on the third axis also should be known to determine the distribution of the 
extinguishing material with the explosion of the ammunition at the appropriate altitude. For this 
purpose, the Gurney equation was used, which gives the shrapnel speed resulting from the 
explosion of cylindrical-shaped ammunition. The Gurney equation for cylindrical ammunition 
[11]: 

   5.0
exp 21CME2V                                                            (17) 

 

 

V: Initial fragment velocity (m/s) 
E2 : Gurney constant for a given explosive

M: Mass of the fragment (kg) 
Cexp: Explosive charge mass (kg) 

 
√2E value is generally very close to 1/3 of the detonation speed of explosives (Table 1). 
However, it is necessary to look at the relative effect factor (R.E.) of the explosive for the exact 
value. The relative effect factor is the ratio of the energy value of the same amount of explosives 
to the energy value of the TNT. Dynamite was used as an explosive in the SFEA. According to 
this: 

TNT

dynamite

E

E
.E.R              (18) 

Table 1. Gurney constants of some explosives [12] 
 

Explosive Density 
(kg/m3) 

Detonation Velocity 
(m/s) 

Gurney Constant E2  
(m/s) 

Octol 75/25 1.81 8640 2896 
PETN 1.78 8260 2926 
RDX 1.81 8700 2926 

RDX/TNT 60/40 (Cyclotol) 1.68 7800 2402 
Tetryl 1.71 7570 2499 
TNT 1.61 6900 2438 

Tritonal 1.70 5480 2316 
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4. RESULTS AND DISCUSSION 

Drag coefficients were calculated for each nose cone type by performing flow analysis. Using 
the obtained drag coefficients, impact speed and impact angle calculations were made for the 
ammunition dropped with different speeds, jettison angles and altitudes. 

4.1. Analysis Parameters 

Flow analysis was performed by transferring the mesh structures to the Ansys Fluent 
environment and the drag coefficients for each model were numerically analyzed. Flow analysis 
was made according to the values in Table 2. 

 
Table 2. Analysis parameters 

 
Input Parameters Value 

Air Velocity (m/s) 86 
Air Density (kg/m3) 1.205 

Air Dynamic Viscosity (kg/m.s) 1.82x10-5 
Ammunition Length (m) 2.3 

Flow Type Incompressible 
Turbulence Model SST k-ω 

Mach sayısı 0.25 

 
4.2. Drag Coefficients 

As a result of the CFD analysis performed in the Ansys Fluent environment, the drag 
coefficients for each type of the three nose cones were calculated. The drag coefficients for 
each nose cone are given in Figure 15 and Table 8. The drag coefficient was found to be 0.136 
for the spherically blunted conic nose cone, 0.138 for the spherically blunted tangent ogive nose 
cone, and 0.154 for the truncated tangent ogive nose cone. As can be seen, the drag coefficients 
for the spherically blunted conic nose cone and the spherically blunted tangent ogive nose cone 
are very close to each other, while the drag coefficient for the truncated tangent ogive nose cone 
is slightly higher (+11.76%). The higher coefficient of drag in the truncated tangential ogive 
nose cone is due to the deterioration of the flow structure and the formation of a separation 
zone. This causes the pressure drag to increase. 

 
Table 8. Drag coefficients for a different types of nose cones 

Nose Cone Type Drag Coefficient 

Spherically Blunted Conic 0.136 

Spherically Blunted Tangent Ogive 0.138 

Truncated Tangent Ogive 0.152 

 
4.3. Ammunition Trajectory and Impact Angle 

With the drag coefficients obtained, impact speed and impact angle calculations were made for 
ammunitions dropped from different speeds, jettison angles and altitudes. Ammunition 
trajectory and impact angle for spherically blunted conic nose cone are given in Table 3, 
ammunition trajectory and impact angle of spherically blunted tangent ogive nose cone in Table 
4, and ammunition trajectory and impact angle of truncated tangent ogive nose cone in Table 
5. 
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The one-way analysis of variance (ANOVA) was performed on the results using Minitab 
software to numerically show the effect of different nose cone designs on the impact angle and 
impact speed. Table 6 shows the results of a one-way analysis of variance for the impact angle 
versus nose cone type. In Table 7, the results of a one-way analysis of variance for the impact 
speed versus nose cone type are given. Since the p-values were greater than 0.05 in the ANOVA 
analysis, the nose cone difference did not have any effect on the impact angle and impact speed. 
On the other hand, flame detection, distance measurement and impact sensors, which should be 
in the smart fire extinguishing ammunition, should be on the plane at the front of the 
ammunition and in contact with the external environment. To place these sensors in the nose 
cone, a truncated tangent ogive nose cone was chosen as the nose cone for the smart fire 
extinguishing ammunition. 

Table 3. Trajectory and impact angle for the ammunition with spherically blunted conic nose cone 
 

Aircraft Speed 
(m/s) 

Drop Angle 
(above horizontal) 

Altitude 
(m) 

Impact Speed 
(m/s) 

Impact 
Angle 

Distance 
(m) 

25 0 180 63.61 69.16 244 
50 0 180 70.92 56.95 367 
75 0 180 76.41 51.08 469 
50 -15 180 71.52 56.29 301 
50 0 180 70.92 56.95 367 
50 15 180 71.35 60.52 421 
50 0 180 70.92 56.95 367 
50 0 300 85.04 64.59 463 
50 0 500 104.90 71.00 581 

 
Table 4. Trajectory and impact angle for the ammunition with spherically blunted tangent ogive nose cone 

 
Aircraft Speed 

(m/s) 
Drop Angle 

(above horizontal) 
Altitude 

(m) 
Impact Speed 

(m/s) 
Impact  
Angle 

Distance 
(m) 

25 0 180 63.49 69.15 251 
50 0 180 84.83 64.61 471 
75 0 180 105.70 51.00 474 
50 -15 180 71.53 56.40 296 
50 0 180 70.77 56.97 360 
50 15 180 71.10 60.50 412 
50 0 180 70.77 56.97 360 
50 0 300 84.83 64.61 471 
50 0 500 104.86 71.08 570 

 

Table 5. Trajectory and impact angle for the ammunition with truncated tangent ogive nose cone 
 

Aircraft Speed 
(m/s) 

Drop Angle 
(above horizontal) 

Altitude 
(m) 

Impact Speed 
(m/s) 

Impact  
Angle 

Distance 
(m) 

25 0 180 63.33 56.40 217 
50 0 180 70.11 57.69 337 
75 0 180 74.54 52.65 433 
50 -15 180 70.92 56.92 278 
50 0 180 70.11 57.69 337 
50 15 180 70.58 61.40 383 
50 0 180 70.11 57.69 337 
50 0 300 84.52 65.50 424 
50 0 500 104.11 71.78 528 
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Table 6. The results of one-way analysis of variance for impact angle versus nose cone type 
 

Source DF Adj SS Adj MS F- Value P- Value 

Nose Cone Type 2 10.31 5.153 0.13 0.879 
Error 24 956.41 39.850 - - 
Total 26 966.72 - - - 

 
Table 7. The results of one-way analysis of variance for impact speed versus nose cone type 

 
Source DF Adj SS Adj MS F-Value P-Value 

Nose Cone Type 2 159.1 79.56 0.45 0.645 
Error 24 4282.7 178.45 - - 
Total 26 4441.9 - - - 

 
 

 
(a) 

 
(b) 
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(c) 

 
Figure 15. Nose cone drag coefficients: (a) Spherically blunted conic nose cone;  
(b) Spherically blunted tangent ogive nose; (c) Truncated tangent ogive nose cone 

 
 
 

5. CONCLUSIONS 

Smart fire extinguishing ammunition (SFEA) is a new and effective product we have designed 
for use in aerial firefighting. This product was called smart fire extinguishing ammunition, 
taking into account several electronic equipment and software that make the product 
autonomous. The effects of different nose cone designs on the trajectory and impact angle of 
the SFEA were investigated. Three different types of nose cones, namely spherically blunted 
conic, spherically blunted tangent ogive and truncated tangent ogive type nose cones were 
studied. The following findings were obtained in the study: 

(a) The drag coefficient was found to be 0.136 for the spherically blunted conic nose cone, 
0.138 for the spherically blunted tangent ogive nose cone, and 0.154 for the truncated 
tangent ogive nose cone.  

(b) The drag coefficients for the spherically blunted conic nose cone and the spherically 
blunted tangent ogive nose cone are very close to each other, while the drag coefficient 
for the truncated tangent ogive nose cone is slightly higher (+11.76%).  

(c) The higher coefficient of drag in the truncated tangential ogive nose cone is due to the 
deterioration of the flow structure and the formation of a separation zone. This causes 
the pressure drag to increase. 

(d) The one-way analysis of variance (ANOVA) showed that the nose cone difference did 
not have a significant effect on the impact speed, impact angle and horizontal distance 
of the ammunition at the investigated speeds and altitudes. 

(e) Flame detection, distance measurement and impact sensors, which should be in the 
smart fire extinguishing ammunition, should be on the plane at the front of the 
ammunition and in contact with the external environment. To place these sensors in the 
nose cone, a truncated tangent ogive nose cone was chosen as the nose cone for the 
SFEA. 

. 
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ABSTRACT: In this study, clay belonging to the Ordu Unye region was activated by different 
concentrations of the acid solution by analytical methods. It is intended to remove adsorbed components 
between layers found in the structure of the clay. As a result, the activation process was performed with 
nitric acid (HNO3) to enable the expansion of the distance between layers. Determination of structural 
changes of natural clay and activated clays have been characterized by XRD, SEM, FTIR and BET 
analyses. Characterization results showed that acid activation caused significant increases in surface 
area and pore volumes by changing both morphological and surface properties on clay. As a result of 
activation, the highest surface area of the clay was determined as 205.08 m2/g with 2N HNO3. Acid 
activation is more efficient in improving the surface properties of clay. 

Keywords: Acid Activation, Clay, Surface Area. 

 
1. INTRODUCTION 

Clay is a sedimentary mineral formed by the decomposition of soft and very fine-grained 
feldspar, mica and other silicates, which contains high levels of Al2O3 and SiO2 components as 
the main component in its structure together with MgO, CaO, Fe3O4, Na2O, K2O and TiO2. 
Clay minerals are filtration components of nature, provide rain and snow water to be filtered 
underground and transform into drinking water quality. Adsorption, hence the filtration 
property, has a major significance in the industrial usage of clay. Acid activation is often used 
to modify and/or improve the structural properties of clay minerals by adsorption [1]. Defining 
the chemical and physical properties of the surface layers of a material is called surface analysis 
[2]. High surface area, number, and size of pores, as well as the number of acidic zones in the 
structure, are important for clay minerals. Acids such as HCl, H2SO4, HNO3 are therefore 
preferred for activation processes in different concentrations [3-7]. All clay minerals can be 
physically and chemically altered by acid activation [8-10]. Although these changes are 
adsorptive properties, they are an increase in surface acidity, surface area, porosity, and pore 
volume. It has been determined by many scientists that the charges on the surface and the 
distances between silica layers can be changed. [11-13]. With the acid treatment, the formation 
of Si-OH groups already present in the structure is promoted and the interaction of minerals 
with different species in solution can be increased. In this case, applications can become 
diverse. As a result, acid-activated clays are used in different application areas in the industry. 
Acid-activated clays are used in environmental improvement processes, wastewater treatment, 
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catalysis, sorption areas, oil refining, casting sand, drilling, filling, chemistry, detergent, 
cosmetics, paper, ceramic, pottery, faience, glass, porcelain, paint industries. [14-16]. Acid 
activation is easy as well as low cost. For this reason, many studies have used nitric acid as well 
as hydrochloric acid and sulfuric acid for the acid activation of vermiculite. [17-19]. 
Understanding the effect of acid activation on the structural properties of Unye bentonite is 
important for the use of clay-based commercial adsorbents or solid acid catalysts. [20-21]. As 
the main input agent in liquid oil refining and many other industrial areas, clays create a great 
economic potential. Acid activation improves the absorption properties of the clay by increasing 
the specific surface area as well as the active region. These changes depend on several factors, 
such as acid concentration, the nature of the clay, the duration of activation, and temperature. 

This study aims to investigate the effect of different acid types (HCl and H2SO4 preferred in the 
literature) using HNO3 at 0.5-3 N concentrations and to compare the final structural properties. 
XRD, SEM, FTIR, and BET analyses were used in the study. As a result of acid activation of 
bentonite taken from the Unye region of Ordu Province activated by nitric acid, it is aimed to 
improve the surface morphology and surface area changes of partially dissolved clay and 
contribute to the literature. 

 
2. MATERIAL AND METHODS 

2.1 Acid Activation of Vermiculite Samples 

In the study, it was aimed to remove adsorbed components between the layers found in the 
structure of the clay. For this purpose, analytical techniques were preferred based on the needs 
of the industry that uses clay according to its surface area. Eventually, the activation process 
was performed with nitric acid to enable the expansion of the interlayer distance. Clay samples 
used in the present study were taken from Ordu / Unye region. 

 

 
 

Figure 1. Raw Milled Unye Clay 
 

Approximately 50 kg of natural clay samples were taken from this sample whose main mineral 
is vermiculite. This sample was mixed with a sufficient amount of distilled water and then 
sedimented. Later, the sedimentary clay was subjected to purification. After the sedimentation 
process, the non-precipitated clay was left to dry. The fully dried sample was ground and made 
ready for experiments. Using HNO3 at different concentrations (0.5, 1.0, 1.5, 2.0, 3.0), 40 grams 
of clay was activated for each concentration. Three different acid groups were prepared (Table 
1.). 
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Table 1. Composition of different acid groups 

Sample Code Composition 

UCA 6 2.0 N  (1.0 N 200 ml HCl & 1.0 N 200 ml HNO3) 

UCA 7 2.0 N  (1.0 N 200 ml H2SO4 & 1.0 N 200 ml HNO3) 

UCA 8 2.0 N (1.0 N 200 ml HCl & 1.0 N 200 ml H2SO4) 

 

The samples obtained were subjected to the activation process for 1 hour by refluxing. The 
mixture was centrifuged at 4000 rpm for 6 hours to make the phase separation of the samples 
cooled to room temperature. This process was continued until the nitrate ion in the structure 
was completely removed. The active solid clay samples were dried and ground (under a 200 
mesh sieve) and stored in sealed containers for experiments. 

2.2. Characterization of Active Vermiculite Samples 

X-Ray Diffraction method (XRD) was used to determine the mineralogical composition and 
structural change of the raw and active clay samples. Surface morphologies were visualized by 
scanning electron microscopy (SEM). Fourier Transform Infrared Spectrophotometer (FTIR) 
method was used to determine the structural-functional groups. The surface areas of the raw 
and active clay samples were measured by the Bruneur - Emmet - Teller (BET) method (77 K). 
Pore distributions were determined with Density Functional Theory Plus (DFT Plus). Surface 
area measurements of clays were determined on TriStar II Plus device, XRD measurements 
were determined on Rigaku RadB-DMAX II (Cu K-alpha) device, and SEM measurements 
were determined by Leo EV040 brand scanning electron microscope. 

 
3. RESULTS AND DISCUSSION 

The surface areas of clays activated with different concentrations of HNO3 are given in Table 
2. As given in the table, it was determined that the total surface areas of the activated clay 
samples varied between 110.30-205.08 m2/g. Unactivated raw clay has a surface area of 82.77 
m2/g. The minimum surface area was obtained at a concentration of 0.5 N HNO3. The maximum 
surface area was obtained with 2 N HNO3 and its value is 205.08 m2/g. When the acid 
concentration was increased, the surface area also increased significantly. At a very high acid 
concentration, the surface area is partially reduced. When the acid concentration was 3.0 N, the 
structural collapse occurred and the surface area decreased to 187.22 m2/g. Clay contains some 
impurities depending on the geological structure of the region where it is formed. With acid 
activation, the components between the layers, which are in the structure as impurities, are 
removed. At this stage, the aim is to increase the structural stability, to remove M+, M++ and 
M+++ ions and organic impurities adsorbed between layers. In addition, as a result of increasing 
the distance between the layers by the activation process, the adsorption capability of the clay 
was increased by removing the adsorbed anions existing in the structure from between the 
layers. The increase in surface area is closely related to the separation of interlayer adsorbed 
components from the structure. The surface area values determined in our study were compared 
with similar studies in the literature (H2SO4, HNO3 and HCl activated clay) in terms of surface 
area measurements. Turabik and Kumbur activated the clay surface area by changing the 
sulfuric acid ratio between 10 and 60%, and the specific surface area increased by a maximum 
of 40% [22]. Chmielarz et al. kiln-dried the clay sample with a crude surface area of 8 m2/g 
using nitric acid for 24 hours at 900°C, and the specific surface area reached a maximum value 
of 162 m2/g [23]. Guerra et al. Activated the specific surface area of 44 m2/g in non-treated clay 



Akbulut and Önal, Activation and Characterization of Unye (Ordu) Clay with Nitric Acid 
 

19 
 

with hydrochloric acid to maximize the surface area to 199 m2/g [24]. Literature knowledge 
and the experiments carried out in this study have clearly shown the significance of nitric acid 
on acid activation. In the activation of clay acid, nitric acid is more effective than sulfuric and 
hydrochloric acid. The surface areas formed consist of micropores between 46.82 – 34.60 m2/g 
and mesopores between 169.78 – 45.71 m2/g. The increase of mesopore pores is very effective 
in the large surface areas of clays. In addition, the variation of average pore diameters between 
3 - 6 nm proves that the clays contain high mesopores. 

 
Table 2. BET analysis results of samples 

 
Clay Samples Surface 

Area 
(m2/g) 

Smicro 
(m2/g) 

Smeso 
(m2/g) 

VT 
(cm3/g) 

Vmicro 
(cm3/g) 

Vmeso 
(cm3/g) 

dp 
(nm) 

UCAH 82.77 53.47 29.30 0.11 0.02 0.09 5.40 

UCA1 (0.5 N) 110.29 45.92 72.38 0.14 0.03 0.12 4.70 

UCA2 (1 N) 114.46 45.19 78.89 0.15 0.03 0.12 4.54 

UCA3 (1.5 N) 118.39 46.82 75.86 0.15 0.03 0.11 4.58 

UCA4 (2 N) 205.08 36.11 169.78 0.21 0.02 0.18 3.94 

UCA5 (3 N) 172.17 35.21 152.02 0.18 0.02 0.15 3.68 

UCA6 161.16 43.62 121.36 0.11 0.03 0.08 2.77 

UCA7 170.85 43.17 140.64 0.18 0.02 0.16 3.88 

UCA8 148.07 45.60 100.33 0.15 0.02 0.13 4.25 

 
The change in the pore size distribution of raw and acid-activated clay samples is given in 
Figures 2, 3 and 4, respectively. The pore size distribution of raw clay belongs to pores with 
maximum 1.6, 2.0, 3.0, 3.5 and 9 nm. According to the results, there is a very heterogeneous 
pore size distribution between 0-10 nm. Unlike the raw clay sample, it is seen that new pores 
with 4.0, 5.0 and 8.0 nm diameter are formed although the pores at 0.5 N HNO3 concentration 
are in the range of 0-10 nm. At 1 N nitric acid concentration, new pores with 5.0 nm pore 
diameter are formed compared to the raw sample, while peaks of other pores are seen to be 
sharpened. In other words, the distribution is seen in a more regular structure. The 1.5 N nitric 
acid concentration and the raw clay sample were compared. As a result, new pores with 0.9, 
1.5, 4.5 nm pore sizes were determined. Compared to 2.0 N nitric acid concentration, while new 
pores of 2.8 and 8.5 nm diameters occurred, pores of 3.0 and 9.0 nm diameters disappeared in 
the raw clay sample. The 3 N nitric acid concentration has new pores of 1.0, 2.2 and 3.2 nm in 
diameter compared to the raw clay sample. The destruction that occurs in the macromolecular 
structure of clay can be explained by the formation of new pores in small diameters. Indeed, 
the smaller surface area is proof of this. In the activation with different acid groups, the pore 
size distribution in all three acid groups was changed compared to the raw sample, and it was 
determined that the active clays had pores in the range of 1-10 nm. However, it was determined 
that the pore size distribution was more regular in the mixture of HCl-H2SO4. 
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Figure 2. Pore size distribution of raw and HNO3 activated samples DFT Plus isotherm 
 

 

 
 
Figure 3. Pore size distribution of samples with high surface area (UCA 4) and activated by different acids DFT 

Plus isotherm 
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Figure 4. Pore size distribution of samples DFT Plus isotherm 

 
When the nitrogen adsorption isotherm is examined, it is seen that the amount of nitrogen 
adsorption per gram of clay is seen against the relative pressure P/P0. Relative pressure ranges 
from 0 to 1. The amount of nitrogen adsorption varies according to the surface area of the clay. 
This change is generally related to the type of porous structure of the clay. When the adsorption 
isotherms of clays activated with nitric acid are examined, it is observed that they conform to 
Type 2. This supports the presence of a high amount of mesopore in the isothermal structure. 
The nitrogen sent to the structure was adsorbed for a while. Type2 is the S-shaped (sigmoidal) 
isotherm. The isotherm of nitrogen (77 K) on many macroporous solids is of this type. BET 
isotherms are in Type 2 form. According to the BET theory, the adsorbed amounts are the same 
in all layers except the first layer. Here, the second layer is partially filled before the first layer 
is filled. The point at the beginning of the midline region is defined as the situation where the 
monolayer cover is complete and multilayer adsorption is about to begin. However, adsorption 
continues at all relative pressures. 

As a result of the analysis made; while acid concentration increased the surface area increased 
first, then the surface area decreased at the 3N acid concentration. Raw and active clay samples 
were measured according to Surface Energy Distribution by Modified Density Functional 
Theory Model: N2 - Modified Density Function software. In addition to being similar to the 
incremental area-energy change graph, the peak occurring at 40-46 e/k in the entire surface area 
is similar in all samples. Surface energy remains the same regardless of the increase in surface 
area. For example, while the raw clay incremental area value shows 42-44 surface energy in the 
range of 42.051-62-882, UCA4 sample with the highest surface area gives the same surface 
energy value between 205.323-56.960 m2/g. As the active surface area increases as a result of 
acid activation, the surface energy remain constant can be explained as follows; As a result of 
the removal of interlayer adsorbed atoms, ions and/or molecules from the structure, negative 
and positive charge spaces are freed. 
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Figure 5. Adsorption isotherms of N2 

 
 

Table 3. Incremental Surface Area vs. Energy 
 

Sample Energy (e/k) Sample Energy (e/k) 
UCAH 62 UCA6                                   145 

UCA1 (0.5 N) 85 
UCA2 (1 N) 88 UCA7                                   136 

UCA3 (1.5 N) 98 
UCA4 (2 N) 200 UCA8                                   106 
UCA5 (3 N) 158 

 

 
Figure 6. Incremental Surface Area vs. Energy 
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XRD patterns of crude and acid-activated clay samples are given in Figures 7 and 8. When the 
figure is examined, the distance between the layers of the raw sample of 7.219 2ϴ was 12.2334 
Å, while this value was obtained as 16.2300 Å in the sample with the highest surface area. This 
peak area is widening and its height increasing. As a result of the activation, the distance 
between the layers has increased by 33%. The acid treatment causes a serious change in the 
crystal structure of the minerals. When Figures 6 and 7 are examined, the high and sharp 
intensity of around 15.274 Å emerges as a result of 12.883 Å wide and splay peak acid 
activation in the XRD trace of raw clay. As the cations and other impurities between the layers 
are removed as a result of the acid treatment, the increase in the d value between the layers is 
an expected result. However, as a result of structural degradation in 3N HNO3 concentration, 
the peak decreases to 14.772 Å also the maximum peak value is decreased. When the XRD 
patterns of a similar study by Chaari et al. [25] are examined, the main impurities in the raw 
clay are seen with an intense reflection at 2ϴ = 30.5° (2.90 Å) and this reflection is dolomite. 
The pattern shown by sharp (101) basal reflection at 3.34 Å is quartz. The associated minerals 
detected in small amounts in the same study are basal reflection at 9.99 Å (001), feldspar 
(feldspars) at 3.23 Å and calcite at 3.03 Å. It has been observed that acid activation causes a 
significant decrease in crystallinity by decreasing the density of smectite and kaolinite. When 
the XRD traces of Turabik and Kumbur's [22] similar studies were examined, the smectite 
group was found at 5.88° and it was understood that it contained crystallite, a silica polymorph, 
at 21.48°. In addition, d (001) = 15.02 Å, 18.98 Å and 9.84 Å were obtained. Thus it was found 
that the original sample was montmorillonite. 

 

 
 

Figure 7. XRD graph of raw and HNO3 activated clays 
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Figure 8. XRD graph of examples 

 
FTIR spectra of the raw and active clay samples are given in Figure 9. When the figure is 
examined, the bending stress of the 915 cm-1 Al-AlOH structure and the 1035 in-plane Si-O 
stress are seen for the raw sample. The peak occurring in this region is wide. This expansion is 
explained by the 1113 cm-1 out-of-plane Si-O structures in the clay structure and the hydration 
peak of the 1635 cm-1 -OH bending. The –OH stress in the macromolecular main structure of 
clay minerals is observed in the 3621 cm-1 bands. As the acid concentration increases, the peak 
in the 700-1300 cm-1 region of the M-O-M stretch in the structure contains 3 shoulders in the 
range of 711-1189 cm-1 in the raw sample, and also the peak is high and sharp. As the acid 
concentration increases with acid activation, the peak width of 735-1214 cm-1, 728-1214 cm-1, 
744-1222 cm-1, 744-1271 cm-1 and 735-1271 cm-1 bands are the same, respectively. However, 
its sharpness and length are different. Since the FTIR traces in this region are related to 
structures such as Si-O, Si-O-Si, Al-O, Al-O-Al and these groups are the basic building blocks 
of clay, it is an expected result that these peaks remain largely unchanged. The –OH stretching 
observed around 1630 cm-1 is a group in the mineralogical structure of the clay mineral and is 
observed in all acid concentrations. It belongs to the –OH stress of water adsorbed by wide and 
flat peak clay around 3300 cm-1. The -OH stress of 3630 cm-1 belonging to the mineralogical 
structure of clay is quite distinct and sharp in the raw sample, and it is partially deformed and 
shrunk as a result of acid activation [26-27]. 
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Figure 9. FTIR graph of examples 

 
 
SEM images of raw and active clay samples are given in Figures 10 and 11. When SEM images 
are examined, it is seen that the raw clay sample has a very homogeneous structure and does 
not contain any impurities. This is an expected result as impurities are removed from the 
structure with sedimentation. Clay layers are visible and different grain sizes show the same 
structure with each other. It is seen that there are important changes within the structural units 
as a result of acid activation. In the example of UCA 4 (2N HNO3) with the highest surface 
area, it was determined that the structural units shrunk, the inter-layer units were seen, and as a 
result, the surface area increased. However, in the example of UCA 5 (3N HNO3), the surface 
area decreases as a result of high acid concentration and as seen in the SEM image, it is seen 
that cavities are formed between the units similar to the graphene structure. Although the 
concentration is low in the mixture of HCl-HNO3, the structural units of the clay mineral are 
seen as a whole. The morphological structure of the UCA 7 sample is similar to the HNO3 
activation only. In the mixture of UCA 8, it is seen that the structural units are separated from 
each other and that graphene-like formations appear. This structure is similar to UCA 5, and 
when the acid is strong, the macromolecular structure is affected. 
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Figure 10. SEM images of raw and HNO3 activated clays 
 
 

 
 

 
 

Figure 11. SEM images of clays activated by different acids 
a. UCA 6 (HCl-HNO3) b. UCA 7 (H2SO4-HNO3) c. UCA 8 (HCl-H2SO4) 
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4. CONCLUSIONS 

In this study, the highest surface area change in acid activation with nitric acid was obtained as 
150% at 2N HNO3 concentration. The smallest change was obtained at a concentration of 34% 
and 0.5N HNO3. Generally, the higher the nitric acid concentration, the higher the surface area, 
and the lower the surface area at the 3N HNO3 concentration. At this concentration, the mass 
loss by weight is 13.55%. Therefore, the macromolecular structure of the clay at high acid 
concentration is lost. Structural change is seen in XRD diffractograms. As the acid 
concentration increases, it is seen that the clay layers appear more clearly in SEM images. In 
addition, as the acid concentration increases, it has been determined that the structural 
degradation increases in the 3N HNO3 concentration. Structural change in terms of functional 
groups with changing acid concentration gave similar results to XRD and SEM results in FTIR 
spectrum. The highest surface area in different acid groups was obtained in the mixture of 1N 
HCl and 1N HNO3. Nitric acid is environmentally important in the acid activation of clay 
samples, and when diluted sufficiently at the end of the wash, it will not have any negative 
effects on the nitrate ion, on the contrary, it will be an important nutritional component for 
plants. 
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ABSTRACT: In this paper, we present a generalization of well-known k-Fibonacci sequence. Namely, 
we defined generalized k-Fibonacci sequence. This sequence generalizes others, k-Fibonacci sequence, 
classical Fibonacci sequence, Pell sequence and Jacobsthal sequence. We establish some of the 
interesting properties of generalized k-Fibonacci sequence. Also, we obtain a generating function for 
them.  

Keywords: Generalized k-Fibonacci sequence, k-Fibonacci sequence, Fibonacci sequence, Binet’s 
formula, Generating function. 

 
1. INTRODUCTION 

It is well-known that the Fibonacci sequence is most prominent examples of recursive sequence. 
The Fibonacci sequence is famous for possessing wonderful and amazing properties. The 
Fibonacci appear in numerous mathematical problems. Fibonacci composed a number text in 
which he did important work in number theory and the solution of algebraic equations. The 
book for which he is most famous in the “Liber abaci” published in 1202. In the third section 
of the book, he posed the equation of rabbit problem which is known as the first mathematical 
model for population growth. From the statement of rabbit problem, the famous Fibonacci 
numbers can be derived, 

 

 
 
This sequence in which each number is the sum of the two preceding numbers has proved 
extremely fruitful and appears in different areas in Mathematics and Science. 

The Fibonacci numbers nF  are terms of the sequence  0,1,1,2,3,5,... wherein each term is the 

sum of the two previous terms, beginning with the values 0 0F  and 1 1F  . 

The Fibonacci sequence [11], is defined by the recurrence relation  

1 2 0 1, 2 0, 1n n nF F F n with F F                  (1) 
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The Lucas sequence [11],is defined by the recurrence relation 

1 2 0 1, 2 2, 1n n nL L L n with L L                         (2) 

The Fibonacci sequence, Lucas sequence, Pell sequence, Pell-Lucas sequence, Jacobsthal 
sequence and Jacobsthal-Lucas sequence are the most prominent examples of recursive 
sequences. The second-order recurrence sequence has been generalized in two ways mainly, 
first by preserving the initial conditions and second by preserving the recurrence relation. 

Kalman and Mena [10], generalize the Fibonacci sequence by 

1 2 0 1, 2 0, 1n n nF aF bF n with F F                (3) 

Horadam [7], defined generalized Fibonacci sequence  nH by 

1 2 1 2, 3 ,n n nH H H n with H p H p q                  (4)            

where p and q are arbitrary integers. 

The k-Fibonacci numbers defined by Falcon and Plaza [2, 5], for any positive real number k, 
the k-Fibonacci sequence is defined recurrently by 

, , 1 , 2 ,0 ,1, 2 0, 1k n k n k n k kF k F F n with F F                (5) 

The k-Lucas numbers defined by Falcon [3], 

, , 1 , 2 ,0 ,1, 2 2,k n k n k n k kL k L L n with L L k                (6) 

Most of the authors introduced Fibonacci pattern-based sequences in many ways which are 
known as Fibonacci-Like sequences and k-Fibonacci-like sequences [12, 13, 18, 20, 21]. 

Generalized Fibonacci sequence [6], is defined as 

1 2 0 1, 2 ,k k kF pF qF k with F a F b                 (7) 

( , )p q - Fibonacci numbers [15], is defined as 

, , , , 1 , , 2 , ,0 , ,, 2 0, 1p q n p q n p q n p q p q nF pF bF n with F F               (8) 

( , )p q - Lucas numbers [16], is defined as 

, , , , 1 , , 2 , ,0 , ,, 2 2,p q n p q n p q n p q p q nL pL bL n with L L p               (9) 

Generalized ( , )p q -Fibonacci-Like sequence [17], is defined by recurrence relation 

, , , , 1 , , 2 , ,0 , ,, 2 2 , 1p q n p q n p q n p q p q nS pS qS n with S k S kp             (10) 

Goksal Bilgici [1], defined new generalizations of Fibonacci and Lucas sequences 

2
1 2 0 12 ( ) , 2 0, 1k k kf af b a f k with f f               (11) 

2
1 2 0 12 ( ) , 2 2, 2k k kl al b a l k with l l a                (12) 
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In this paper, we introduce a generalized k−Fibonacci sequence. The generalized k−Fibonacci 
numbers have lots of properties. 

 

2. THE GENERALIZED k-FIBONACCI SEQUENCE 

In this section, we define the generalized k-Fibonacci sequence and its particular cases. 

Definition 1: Let k be any positive real number and ,p q are positive integer. For  2n  , the 

generalized k-Fibonacci sequence  ,k nF , is defined by 

, , 1 , 2k n k n k nF pkF qF               (13)
                      

 

with initial conditions ,0 ,1,k kF a F b  . 

The first few generalized k-Fibonacci numbers are 

,2kF pkb aq   

2 2
,3kF p k b pkqa qb    

3 3 2 2 2
,4 2kF p k b p k qa pkqb aq     

4 4 3 3 2 2 2 2
,5 3 2kF p k b p k qa p k qb pkaq bq      

... 

Particular cases of generalized k-Fibonacci sequence are 

 If 0 , 1,a p q b    the k-Fibonacci sequence is obtained  

,0 ,10, 1k kF F  and , , 1 , 2 ,k n k n k nF kF F   for 2 :n   

   2 3 4 2
, 0,1, , 1, 2 , 3 1,...k n n N

F k k k k k k


      

 If  0 , 1,a k p q b     the classic Fibonacci sequence is obtained 

0 10, 1F F  and  1 2 ,n n nF F F   for  2 :n   

   0,1,1, 2,3,5,8,...n n N
F


  

 If  0 , 2, 1,a k p q b     the classic Pell sequence appears 

0 10, 1P P  and  1 22 ,n n nP P P   for  2 :n   

   0,1, 2,5,12, 29,70,...n n N
P


  

 If  0 , 2, 1,a q p k b     the classic Jacobsthal sequence appears 

0 10, 1J J  and  1 22 ,n n nJ J J   for  2 :n   

   0,1,1,3,5,11, 21,...n n N
J


  

 If  0 , 3, 1,a k p q b     the following sequence appears 

0 10, 1H H  and  1 23 ,n n nH H H   for  2 :n   

    0,1,3,10,33,109,...n n N
H


  
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3. PROPERTIES OF THE GENERALIZED k-FIBONACCI SEQUENCE  

In this section, we introduce and prove some interesting properties of the generalized k-
Fibonacci sequence. 

3.1. First Explicit Formula for The Generalized K-Fibonacci Sequence 

In the 19th century, the French mathematician Binet devised two remarkable analytical 
formulas for the Fibonacci and Lucas numbers. In our case, Binet’s formula allows us to express 
the generalized k-Fibonacci numbers in the function of the roots 1

n and  2
n of the following 

characteristic equation, associated with the recurrence relation (13): 

2x pkx q                                                                                     (14) 

3.1.1. Binet’s formula 

Theorem 1:The nth generalized k-Fibonacci number is given by 

, 1 2
n n

k nF A B                           (15) 

where 1
n and  2

n are the roots of the characteristic equation (13) , 1 2   and  

2 2 4

b a
A

p k q





 and 

2 2 4

a b
B

p k q

 



. 

Proof: The roots of the characteristic equation (13) are  

2 2

1

4

2

pk p k q 
   and 

2 2

2

4

2

pk p k q 
  , 

we use the Principle of Mathematical Induction (PMI) on n. The result is true for 
0 1n and n  by hypothesis. Assume that it is true for r such that 0 1r s   , then 

 , 1 2
r r

k rF A B                         

It follows from the definition of generalized k-Fibonacci numbers and equation (15) 

2 2
, 2 , 1 , 1 2

s s
k s k s k sF pkF qF A B 

                

Thus, the formula is true for any positive integer. 

Particular cases are: 

 If  0 , 1,a p q b    we obtained k-Fibonacci numbers and then   
2 4

2

k k  
 is known as the k-metallic ratio. 

 If  0 , 1,a k p q b     we obtained classic Fibonacci numbers and then   

1 5

2
 
 is well known as the golden ratio,  is also denoted by  . 

 If  0 , 2, 1,a k p q b     we obtained classic Pell numbers and then 

1 2   is well known as the silver ratio. 
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 If  0 , 3, 1,a k p q b     for the sequence  nH , and then 

3 13

2
 
 is known as the bronze ratio. 

Proposition 2:  For any integer  1n  , 

 

2 1
1 1 1

2 1
2 2 2

n n n

n n n

pk q

pk q

 

 

    

    
                    (16) 

Proof: Since 1
n and  2

n are the roots of the characteristic equation (13), then 

2 2
1 1 2 2,pk q pk q         

now, multiplying both sides of these equations by  1
n and  2

n respectively, we obtain the 

desired result. 

Lemma 3:  If r is a positive integer then  , , 11 2
2 2

1 2

r r
k r k rbF aF

b a q abpk
 


   

      (17) 

Proof: Using the Principle of Mathematical Induction (PMI) on n, the proof is clear. 

Theorem 4: If

2

1 2 1 2 1 2

1 2 1 2 1 2

n n n r n r n r n r

V
            

              
, then 

 
2

, , 1

2 2

n r k r k rbF aF
V q

b a q abpk
  

     
           (18) 

Proof: Using the roots of the characteristic equation (13), the proof is clear. 

Proposition 5:        2 2 2 2 2 2 2 2
1 2 4 2 2A B p k q p k q ab aq bpk             (19)  

Proof: Since 1
n and  2

n are the roots of the characteristic equation (13) and  

2 2 4

b a
A

p k q





 and 

2 2 4

a b
B

p k q

 



, then 

       
 

22 2 2 2
1 2 1 2 1 2 1 22 2 2 2

1 2 2 2

2 2

4

b a ab
A B

p k q

         
   


 

     2 2 2 2 2 2 2 2
1 2 1 24 2 2 2A B p k q b pk q a q abqpk           

Finally, by simplifying the last expression, Eq. (19) is proven. 

Theorem 6: If 1 2
0

1 2

i i
n

i
T



 


  , then 
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   , 1 , , 2 ,

2 2

1
1

1
k n k n k n k nb F F a F F

T
pk q b a q abpk

 
   
  
     

             (20) 

Proof: Since 1
n and  2

n are the roots of the characteristic equation (13), now by summing up 

the geometric partial sums 
0

n
i
j

i

 for 1, 2j  , we obtain 

1 1
1 2

1 2 1 2

1 11

1 1

n n

T
     

        
 

1 1
1 2 1 2

1 2 1 2

1
1

1

n n n n

pk q

     
         

 

   , 1 , , 2 ,

2 2

1
1

1
k n k n k n k nb F F a F F

T
pk q b a q abpk

 
   
  
     

 

This completes the proof. 

3.1.2. Limit of the quotient of two consecutive terms 

A useful property in these sequences is that the limit of the quotient of two consecutive terms 
is equal to the positive root of the corresponding characteristic equation. 

Proposition 7:  ,
1

, 1

lim k n

n
k n

F

F


                 (21) 

Proof: Using Eq. (13), 
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, 11 2

, 1 1 2 2
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1 1
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nr rn n n
k n

B
F AA B

F A B B
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

 
       

    
     

 

and taking into account that  2

1

lim 0
n

n

 
  

, since 2 1  , Eq. (21) is obtained. 

Particular cases are: 

 If  0 , 1,a k p q b     we obtained, 
1

lim n

n
n

F

F





 . 

 If  0 , 2, 1,a k p q b     we obtained 
1

lim n

n
n

P

P





 . 

 If  0 , 3, 1,a k p q b     we obtained 
1

lim n

n
n

H

H





 . 
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3.1.3. Catalan's identity 

Catalan's identity for Fibonacci numbers was founded in 1879 by Eugene Charles Catalan a 
Belgian mathematician who worked for the Belgian Academy of Science in the field of number 
theory. 

 

Proposition 8:  (Catalan’s identity) 
2

, , 12
, , , 2 2

( )
( )

( )
k n k rn r

k n k n r k n r

bF aF
F F F q

b a q abpk


 


  

 
         (22) 

Proof: By using Eq. (13) in the left-hand side (LHS) of Eq. (22), and taking into account that 

1 2 q   it is obtained 
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n r r r rAB          
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2
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b a q abpk q
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Finally, by using Eq. (17),  

2
, , 1

2 2

( )
( )

( )
k n k rn r

bF aF
q

b a q abpk
 

 
 

 

This completes the proof. 

3.1.4. Cassini’s identity 

This is one of the oldest identities involving the Fibonacci numbers. It was discovered in 1680 
by Jean-Dominique Cassini a French astronomer. 

Proposition 9: (Cassini’s identity or Simpson’s identity)            

2 1 2 2
, , 1 , 1 ( ) ( )n

k n k n k nF F F q b a q abpk
                             (23) 

Proof: Taking 1r  in Catalan’s identity the proof is completed. 

3.1.5. d’ocagnes’s identity 

Proposition 10: (d’ocagnes’s Identity)            

1
, , 1 , 1 , , , 1( ) ( )n

k m k n k m k n k m n k m nF F F F q bF aF
                             (24) 

where n m integers. 
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Proof: Using the Binet’s formula, the proof is clear. 

 If  0 , 1,a k p q b     we obtained d’ocagnes’s Identity for classic Fibonacci 

numbers,  1
1 1 ( 1)n

m n m n m nF F F F F
     .                       

 

3.2. Generalized İdentity for Generalized K-Fibonacci Sequence 

In this section, we present generalized identity for generalized k-Fibonacci sequence, from 
which we obtain Catlan’s identity, Cassini’s identity and d’Ocagne’s identity. 

Theorem 11: If , , , ,k m k n k m r k m rY F F F F   and ,k nF be the generalized k-Fibonacci numbers, 

then 
  

 
, , 1 , , 1

2 2
( )

k r k r k n r m k n r mm r
bF aF bF aF

Y q
b a q abpk

     
 

 
 

       (25) 

where , ,n m r nonnegative integers. 

Proof: Using the Binet’s formula, the proof is clear. 

Eq. (25), is generalized of Catalan’s, Cassini’s and d’ocagnes’s identities. 

 If 0, 1,a k p q b     we have ( 1)m r
m n m r n r r n r mF F F F F F

       

which is given for Fibonacci numbers by Spivey in [14]. 

3.3. A Second Formula for The Generalized K-Fibonacci Sequence in Terms of Their 
Characteristic Roots 

Theorem 12:     
1

2
1 2 2 2
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n
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        (26) 

where  a   is the floor function of a that is   sup.a n N n a     and says the integer part of 

a, for  0a  . 

Proof: Since 1
n and  2

n are the roots of the characteristic equation 2 0x pkx q   , using the 
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from where, by developing the nth powers, it follows: 
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Particular cases are: 

 If 1,p q  for the classical Fibonacci sequence, we have 
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 If 2, 1,k p q   for the Pell sequence, we have 

     
1 1
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1 2
0 0

1
2 8 2

2 1 2 12 1

n n
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 If 3, 1,k p q   for the sequence  nH , we have 
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4. SUM OF FIRST TERMS OF THE GENERALIZED k-FIBONACCI SEQUENCE 

Theorem 13:  Let  ,k nF be the nth generalized k-Fibonacci number then 
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Proof: Using the Binet’s formula for the generalized k-Fibonacci numbers, 
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Particular cases are: 

 If  0 , 1,a k p q b     for the  classic Fibonacci sequence, we have: 
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 If  0 , 2, 1,a k p q b     for the  Pell sequence, we have: 
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 If  0 , 3, 1,a k p q b     the sum of the first elements of the sequence  nH is: 
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5. GENERATING FUNCTION FOR GENERALIZED k-FIBONACCI SEQUENCE  

The function is  2 3
0 1 2 3( ) ... ...n

nF x a a x a x a x a x       called the generating function for 

the sequence   0 1 2, , ,...a a a . Generating functions provide a powerful tool for solving linear 

recurrence relations with constant coefficients.  

 Let  , 2

( )
( )

1k n

a x b apk
F x

pkx qx

 


 
                    (28)        

Particular cases are: 

 If  0 , 1,a p q b    generating function of the k- Fibonacci sequence: 

, 2
( )

1k n

x
F x

kx x


 
. 

 If  0 , 1,a k p q b     generating function of the classic Fibonacci sequence: 

2
( )

1n

x
F x

x x


 
. 

 If  0 , 2, 1,a k p q b     generating function of the Pell sequence: 

2
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1 2n

x
P x

x x


 
. 

 If  0 , 3, 1,a k p q b     generating function of the sequence  nH : 

2
( )

1 3n

x
H x

x x


 
. 

 

6. CONCLUSIONS 

In this study new generalized k-Fibonacci sequences have been introduced and studied. Many 
of the properties of these sequences are proved by simple algebra. Compactly and directly many 
formulas of such numbers have been deduced. 
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ABSTRACT: In this study, certain physical properties of Derbent (Eskisehir), Tomarza (Kayseri) and 
Mucur (Kırsehir) stones, which are used as building materials in the relevant regions, are subjected to 
analysis. For each stone, the samples were taken from two separate quarries, after which the chemical 
analysis, thermal conductivity, compression stress, water absorption, breathability and abrasion tests 
were carried out. The results obtained from the tests carried out are as follows: i) It is understood that 
Eskisehir Derbent tuff and Tomarza stones can be used as briquettes, bricks or aggregates as lightweight 
concrete thanks to their low thermal conductivity values (0.355 W/mK and 0.581 W/mK) and heat 
insulation properties. ii) Kırşehir Mucur stone shows that it can be used in load-bearing wall material 
and abrasion-resistant flooring with 88.46 MPa compressive strength and 0.4% volume abrasion values. 
iii) It has also been conferred that three stones have rich reserves and low costs. The results are compared 
with other building materials, especially in terms of energy-saving, strength and comfort conditions. 

Keywords:  Derbent tuff, Mucur stone, Tomarza stone, Building material.  

 

1. INTRODUCTION  
 
Natural stones are mineral assemblages formed by the combination of one or more minerals. A 
stone can be composed of a single mineral or a combination of several minerals. Calcite, 
Dolomite, Quartz, Orthose, Plagioclase, Biotite-Muscovite, Hornblende, Pyroxene-Olivine are 
some of the important minerals found in the combination of stones. 
Natural stones have been utilized by humankind since the beginning of civilization up to date. 
The largest historical buildings that survive to date were made of stone. Typical examples 
include Egyptian Pyramids, Greek Acropolises, Roman Amphitheaters, Ottoman fountains and 
mosques, Artemis Temple and Halicarnassus Mausoleum. Additionally, roads, bridges, 
squares, monuments and obelisks are also other structures where natural stones are widely used 
[1]. The structures in question were built with stones brought from hundreds of kilometers 
away, as the result of years of effort.  

Turkey is one of the richest countries in natural stone presence, while also having a great 
potential in terms of both reserve and diversity aspects. Today, stones are used in a wide range 
of areas such as road and paving, curbstone, wall material, coastal fortification, breakwater, 
dam construction and aggregate production. Stones maintain their importance in today's modern 
building industry [1]. Stones obtained from the quarries gain functionality by cutting in place, 
exploiting natural discontinuities and using explosives. The use of natural stones as building 
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and decoration materials has led to an increase in natural stone production across the world. 
Today, as a result of both the price increases in construction materials and the increase in 
housing demand, the use of natural stones as a carrier and filling element, depending on the 
geological structure of each region, is brought to the agenda. 

Some studies on building blocks have been carried out in the literature in this area. Some of 
these studies are summarized as follows: 

In the study they carried out, Taşlıgil and Sahin have investigated the determination of the 
characteristics and geographic distribution of wealth comprehensively along with the detection 
of natural stone used as building materials in Turkey [1]. Pivko conducted researches on the 
formation of Stones [2]. Gevrek & Kazanci ignimbrite formation [3]; Kazanci & Gurbuz [4], 
the geological formation of the natural stone of Turkey. Dinçer et al. conducted a study on the 
water absorption rates of ignimbrites [5], while Bakiş et al. carried out a study on the use of 
Ahlat Stone in the construction sector [6] and Bicer conducted a study determining the thermal 
and mechanical properties of Ahlat and Malazgirt Stones [7]. In a different study, Bicer 
investigated the thermal and mechanical properties of building blocks used as building 
construction materials in many regions of the Euphrates basin [8]. Similarly, in another study 
carried out by Biçer, the physical properties of the building stones used in buildings in the 
Elazığ and Nevşehir regions were determined accordingly [9]. Doran and Kaygisiz, in their 
dissertations on an individual basis, investigated the formation of Erciyes volcanism, the 
physicomechanical properties of the tuff and building stones from the eructation [10, 11]. Demir 
investigated the building blocks found in Kırşehir and its vicinity [12], and Çavumirza et al 
investigated the physicomechanical properties of Mucur stone [13]. Daloğlu & Emir 
investigated certain properties of Derbent tuff, as one of the building stones found in Eskişehir 
[14]. 

For these natural stones to be used as building materials in the best manner possible, all 
physicomechanical properties are required to be well known. In this study, Tomarza stone 
(Kayseri), Mucur stone (Kırşehir) and Derbent Tuff (Eskişehir), which are used extensively in 
the relevant regions, were examined and certain properties of the same were subjected to 
analysis. Stones have been preferred by the local people and used in old buildings up to date. 
This study sets forth the reasons for preference with the properties determined as a result of the 
tests carried out on the stones. 

 
2. MATERIAL AND METHODS 
2.1. Materials 

Eskisehir Derbent Tuff: 

It is quarried in blocks within the cut stone quarry located near Derbent Farm village, 
approximately 20 km southeast of Eskişehir. Compared to artificially produced counterparts, 
there is no product cost other than a cutting process in the quarry. It has been used as the most 
important material and building element in masonry buildings for many years. Derbent tuff has 
acidic magma characteristics and is a type of rock resistant to heat due to the minerals it 
contains. It also provides thermal insulation due to the porous structure of tuff. There are several 
examples of Ottoman architecture in which tuff was used as cut stone in Anatolia as can be seen 
in the recent past. Eskişehir Kurşunlu Complex, which was built in 1525 in connection with the 
same, is one of the structures that has survived to date (Figure 1). Today, it is produced and 
used as cut stone, especially in Kayseri and Nevşehir provinces. There are two separate cut 
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stone quarries in Derbent Farm in Eskişehir. While there is no production process carried out 
in the quarry that produces pink tuff, the quarry for white tuff continues its production process 
[14, 15]. 

 

 
 

                                                             Figure 1. Kursunlu complex [14] 
 
 
Kayseri Tomarza Stone:   

These are the tuff stones that are the ignimbrite of Erciyes Mountain, as the largest extinct 
volcano in Central Anatolia. The stone samples were obtained from natural stone quarries 
located in Tomarza District of Kayseri Province. It can be used as wall cladding, floor and stair 
flooring, road and pavement flooring, and it is frequently preferred to be used in structures such 
as fountains, fireplaces, barbecues and tombstones [11]. Because the colors of these stones are 
attractive, they are also used for decoration purposes, as well. The colors available are Dried 
Rose, Yellow, Tomarza Black, Brown, Antique Yellow colors (Figure 2). The properties of the 
stones can be summarized as follows: color, pattern, appearance, hardness, durability, resistance 
to external factors and ability to be cut and polished. Tomarza Stone can be used as a building 
block due to its ease of processing after being quarried, along with its ability to gain strength as 
long as it stays under atmospheric conditions. In addition, Tomarza Stone is especially preferred 
for decorative purposes due to its wide variety of colors, its ability to be polished on the surface 
and its aesthetic appearance. 

 

  
a)                                                                              b) 

              
Figure 2. a) Akdeniz University Mosque (Tomarza yellow),  b) Biga Government House (Dried rose 

and antique yellow) [10] 
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Kırsehir Mucur Stone:  

The stone samples were obtained from the crushed stone production quarry located in the 
northeast of Kırşehir Province, within the boundaries of İnaç village at the 7th km of Kırşehir-
Mucur highway. The chemical contents of the limestone marbles taken from the surface in the 
study area were determined accordingly and shown in Table 1. The stones are used as aggregate 
in the production of quality concrete in the region with a first-degree seismic zone [13]. Due to 
the roughness of crushed aggregate surfaces, it creates a strong adherence between cement paste 
and aggregate. The larger the rough surface is, the larger the contact surface of crushed 
aggregate and cement paste becomes. For this reason, it can be seen that the strength properties 
of concretes produced with crushed stone aggregate have improved accordingly. 

 
Table 1. The chemical composition of the samples, ( %) 

              Component 
Material 

SiO2 Al2O3 Fe2O3 CaO MgO K2O Loss of 
ignition 

Undefined 

Derbent stone 68.9 12.11 1.19 1.03 2.91 4.66 5.72 3.60 
Tomarza stone 61.88 15.95 1.82 6.38 3.18 1.22 7.13 2.51 
Mucur stone 0.36 0.012 0.09 54.73 0.40 5.19 36.4 2.88 

 

2.2. Methods 

The samples of 150x60x20 mm for thermal tests and 100x100x100 mm for pressure and wear 
tests were prepared from the stones taken from the quarries and subjected to the following tests 
(Figure 3). 
 

 

   
                            a)                                                              b)                                                         c) 

Figure 3. Color samples of natural building stones a) Derbent tuff, b)Tomarza stone, c) Mucur stone 
 
 
2.2.1. Thermal conductivity 

The measurement procedures were carried out with “Shotherm-QTM”, measuring in the temporary 
regime and operating in hot-wire method (Fig. 4). Measuring as per DIN 510406 norm, this device was 
used to carry out measurements from 3 different points on every sample under room temperature of 22-
25 ºC, calculating the arithmetic mean of these 3 values. The thermal conductivity coefficient of the 
device has a tolerance of 5% between 0.02 to 6 W/mK [16, 17]. Measurement results are given 
in Table 2. 
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                                                                  Figure 4. Shotherm-QTM unit 

2.2.2. Compressive strength and abrasion tests 

Endurance tests were carried out on the samples following TS 699 standard [18]. Compressive 
strength tests for the samples were carried out with Ele International branded device, bearing 
the following features: 3000 kN loading capacity; digital control panel; adjustable loading rate; 
applying uniaxial force.  
Volume abrasion lost results for 88 rpm within the scope of frictional abrasion tests can be seen 
in Table 3. 

2.2.3. Water absorption test 

The objective of this test is to determine the presence of a dry volume, where the ice crystals 
within can expand, as the building materials -in direct contact with water- freeze [19]. This 
feature ensures a warranty for the material against freezing. The dry weight (Wk) of each sample 

was determined. Then the water level is gradually raised within the water tank, where the 
samples are placed, adding water into the tank in a manner allowing the samples to be 
submerged. The change of the samples’ weight based on time can be seen in Figure 3. After 
keeping the samples in the water for 48 hours, they were removed out of the water and wiped, 
finding the water-absorbed weight (Wd), while on the other hand calculating the water 

absorption ratio with the Eq. 1. 

        Water absorption percent={[ Wd - Wk]/ Wk }x100                                                                    (1) 

2.2.4. Density test 

Dry weights of the samples were taken with the weighing machine having a tolerance of 1%, 
while the density levels were calculated by identifying the sample volumes. 

 

3. RESULTS AND DISCUSSION 

The following findings were obtained in this study conducted to investigate the thermal and 
mechanical properties of some stones, which are used in the center and districts of Kayseri, 
Kırşehir and Eskişehir provinces located in the Central Anatolia Region, as well as having large 
reserves. 
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Eskisehir-Derbent Tuff: 

Tuff is a natural building stone and is produced as cut stone. Derbent tuffs do not meet the 
requirements to be used as flooring and outer covering stone with 17.17% volume abrasion and 
30.44% water absorption ratios (Table 2, Figure 5). Since tuff is a lightweight and easily 
processable material, it can be produced by being sliced on site. Therefore, according to their 
artificially produced counterparts, tuffs do not have any costs other than the cutting process in 
the quarry. Derbent tuff has similar properties with pumice concrete, concrete 
briquette/concrete block and less-hole brick, which is used as an artificial filling wall material 
and is a more cost-friendly alternative product. The lightness of tuffs compared to natural filling 
wall materials increases the resistance of the building against earthquakes as it reduces the 
dynamic loads on the structure in high-rise buildings. 

Derbent tuff looks better than concrete, granite, marble, limestone and sandstone with its 
thermal conductivity coefficient of 0.355 W/mK. For this reason, it will provide heat and sound 
insulation where it is used as a filling material in brick, briquette and walls in buildings. 
Additionally, considering the compressive strength value of 11.39 MPa, it has approximately 
equivalent strength with artificial materials such as briquette, brick, aerated concrete although 
it is lower than high strength natural building stones. 

Kayseri Tomarza Stone: 

Tomarza Stone is included in the class of light building materials, while it greatly reduces the 
dead load of the buildings, such as Derbent tuff, and reduces energy costs by contributing to 
the thermal insulation of the buildings thanks to the closed pores in its internal structure. 
Tomarza Stone can be used both as a building stone and as a covering stone thanks to its high 
compressive strength compared to tuff-class rocks. The fact that the buildings in the Tomarza 
Region, where the climatic conditions are very heavy in winter, still maintain their durability is 
an indicator of the resistance of the stone to atmospheric conditions. Due to its high color variety 
and aesthetics, Tomarza Stone is preferred for decorative purposes, as well. The low water 
absorption rate indicates that it can be used as exterior cladding. 

With its 0.581 W/mK thermal conductivity value, Tomarza stone seems to be better compared 
to the building materials given in Table 4. Additionally, considering the compressive strength 
of 22.58 MPa, it has approximately equivalent strength with artificial materials such as 
concrete, briquette, brick, aerated concrete although it is lower than high strength building 
blocks. Notwithstanding that it can be used as a wall covering material with a 5.8% abrasion 
loss, it can also be seen that it cannot be used as a building element subject to excessive wear 
such as stairs, parquet. 

Kırşehir Mucur Stone: 

Kırşehir Mucur Stone seems to bear better properties compared to granite, sandstone and marble 
with thermal conductivity of 1.483 W/mK. Its compressive strength and abrasion values appear 
to be more durable than other stones examined. The fact that the water absorption rate is less 
than 30% indicates that the stones can be used in humid environments. 

Examining the drying rates seen in Figure 6, it can be seen that the three regional stones 
examined have respiration capability, albeit it is low. 
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Table 2. Thermal and mechanical properties of stones 
 

Materials 
Density 
(kg/m3) 

Thermal 
conductivity 

(W/mK) 

Compressive 
strength 
(MPa) 

Water 
absorption 

(%) 

Volume 
abrasion 

(%) 
Derbent tuff 1420 0.355 11.39 30.44 17.17 
Tomarza stone 1740 0.581 22.58 17.09 5.18 
Mucur stone 2720 1.483 88.46 10.13 0.4 

           
                  
                          Figure 5. Mass change of stones according to time in water absorption test 
 

 
                          Figure 6. Mass change of stones according to time in drying test 
 
                           

Table 3. The physical properties of some building materials [20] 
 

Materials 
Density 
(kg/m3) 

Thermal 
conductivity 

(W/mK) 

Compressive 
strength 
(MPa) 

Concrete 1906 0.814 20 
Granite 2643 1.73 120 

Limestone 2483 1.16 35 
Sandstone 2235 1.85 80 

Marble 2603 2.77 50 
Common 

brick 
1602 0.692 16 
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4. CONCLUSIONS 

The thermal and mechanical properties of the local stones used as construction elements in the 
center and districts of Kayseri, Kırşehir and Eskişehir provinces were experimentally subjected 
to examination, and the results obtained are given as follows:    

 Eskişehir Derbent tuff can be used as a filling material in low-density concrete, 
briquette, brick making due to its lightweight (1420 kg/m3) and its low thermal conductivity 
coefficient (0.355 W/mK). If it is used for this purpose, the heating costs of the building will 
decrease and also the dynamic loads on the building in high-rise buildings will decrease, and it 
will increase the resistance of the building against earthquakes. The high rate of water 
absorption indicates that it cannot be used as a building siding material. 

  With its low density and thermal conductivity (1740 kg/m3 and 0.581 W/mK), using 
Kayseri Tomarza stone instead of bricks on the outer walls of the building is advantageous in 
terms of the energy economy. Additionally, it can be used in load-bearing wall structures with 
its compressive strength value of 22.58 MPa and as an exterior wall covering material with a 
17.09% water absorption ratio value. The fact that the stone is easy to process once it is 
quarried, and the variety of colors, along with the ability to be polished on its surface increase 
the appeal of using the stone. 

 Kırşehir Mucur stone is a stone with a high thermal conductivity value (1.483 W/mK) 
among the stones examined, and no significant value has been conferred within the scope of 
the thermal properties of the same. On the other hand, the compressive stress of 88.46 MPa 
shows that it can be used in load-bearing wall material and abrasion-resistant flooring with a 
0.4% wear rate. 

 Along with the properties of the stones subjected to examination, the fact that the quarry 
reserves are rich, easy to supply, they can be cut and used directly and their cost is low can be 
considered as significant reasons for preference, based on these advantages. 
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ABSTRACT: This research was carried out to investigate the hygiene knowledge level of the personnel 
working in the nutrition/beverage service and kitchen of hospitals that provide mass feeding in 
Diyarbakır. For this purpose, a survey form of 94 questions was applied to a total of 150 people, 117 
men and 33 women, working in three hospital kitchens in the central district of Diyarbakır. The study 
was initiated after the approval of the ethics committee of Okan University, dated 08.05.2019 with 
meeting number 108 and decision number 6. According to the data obtained from the research, 78% of 
the staff working in the institutional kitchens in Diyarbakir province were male and 22% were female. 
It was determined that the job duration in the profession was concentrated between 2-5 years (40.7%). 
Also, it is seen that the person who received hygiene training makes up the vast majority, such as 95.3%. 

A significant difference was found between the groups in terms of personal hygiene and personnel 
hygiene competence and also between the age groups of the personnel who participated in our study. It 
has been observed that the knowledge of all those who got HACCP training at school is sufficient while 
others (who got training in a course or masters) have less knowledge. It has been observed that the 
knowledge of the staff on hand hygiene and HACCP system is low. Moreover, it has been observed that 
the personnel knowledge on hand hygiene and HACCP system is low. 

Keywords: Hygiene, Food hygiene, Institutional kitchen, Mass feeding. 

1. INTRODUCTION

Mass feeding is the feeding of people outside the home with nutrients and meals offered through 
institutions. Places that provide mass feeding are institutions that manage and program nutrition 
programs of a certain segment from a center. Research has shown that approximately 1/10 of 
Turkey's population is fed by mass feeding services [1,2]. 

Mass Feeding Systems (MFS) have developed in parallel with the development of technology 
since the middle ages [3]. Universities, schools, hospitals, workplaces, nursing homes for the 
elderly and needy, military, kindergartens, prisons, and correctional houses can be included for 
mass feeding institutions. Hotels, self-service restaurants, restaurants, fast-food restaurants, 
public transport enterprises, recreation and entertainment places are included in the group of 
commercial enterprises [4]. Due to its wide scope and complex structure, Mass Feeding 
Systems (MFS) services can have dangerous consequences for public health if 
hygiene/sanitation is not attached importance [5]. The issue is important in terms of nutrition, 
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health, and the expectations of those who benefit from the service. Failure, carelessness that 
may occur at any step of the service can lead to food poisoning which can result in death [6]. 
The staff must be healthy when dealing with food to ensure hygienic cleaning of clothes, hands 
and bodies. Some unconscious practices while preparing meals can lead to mass food poisoning. 
Therefore, personnel interested in food processing should be given training that includes the 
main principles of healthy food preparation and personal hygiene matters. In particular, time 
and temperature control, personnel hygiene, sources of cross-contamination and factors 
affecting the proliferation of pathogens in food should be taught and this training should be 
given periodically [7]. Diseases that can be transmitted by food products, new production 
methods, genetically modified organisms (GMO), pesticides, and similar issues that constitute 
health risks have revealed the need to determine the main elements in food hygiene and safety. 
That’s why, Law No. 5996 on Veterinary Services, Plant Health, Food and Feed and the 
provisions on food hygiene and safety in our country have been adapted to the European Union 
norms and minimum standards to be complied with have been regulated [8, 9]. In addition, 
provisions regarding the training to be received by personnel working on food hygiene are 
regulated by law and a Hygiene Training Regulation on the implementation of the provisions 
has been published. In the regulation, the procedures and principles regarding the planning of 
hygiene training for employees, delivering training, determining infectious diseases and skin 
diseases that prevent employees working in these workplaces, the treatment of these diseases 
and the responsibilities of the workplace owners, operators and employees are identified [10, 
11]. In a study conducted on sanitation and hygiene training for protecting and improving 
health, the necessity to train those who deal with food for the control and prevention of 
foodborne diseases was reported [12, 13]. 

People are affected by many stimulants around them from birth to death. Due to the constant 
change of conditions, education has a great share in adapting to the new conditions. That's why 
education needs to be continuous [14]. Considering that education is a dynamic process, the 
continuity of the training to be given to the person should also be taken into account in 
institutions where mass feeding is provided [15]. 

Although most of the employees in the food production and distribution sector are given 
hygiene training, it is seen that the knowledge of the people about food and personal hygiene is 
often not sufficient. For this reason, there is a need for studies to measure the level of knowledge 
about the hygiene knowledge level of the personnel working in mass feeding establishments. 
This study, it was aimed to investigate the level of knowledge of food hygiene and personal 
hygiene of the employees in the kitchens of the institutions in Diyarbakır. 

2. MATERIAL AND METHODS

This study aims to evaluate the up-to-date knowledge level of 117 male and 33 female personnel 
working in hospital kitchens in Diyarbakır city center, which constitutes the population of the 
study, on food hygiene and safety, personal and personnel hygiene, equipment hygiene, and 
HACCP to determine the knowledge level of the personnel on food and personnel hygiene. 

This study is descriptive and cross-sectional research and was carried out by the staff of food 
companies that provide food production and distribution services to three state hospitals in the 
central districts (Yenisehir, Sur) of Diyarbakir. In the selection of the study population, these 
districts were chosen as research regions because of the large number of institutional kitchens 
in these regions. It was determined that a total of 400 kitchen personnel were working. 
Volunteerism was taken as a basis in personnel selection. The participation of 150 (M+F) 
personnel was ensured. The formula given below was used to determine the sample volume. 
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𝑁.𝑝.q 

n = (𝑁−1).(𝑍 ∝ 2 ∖𝑑) 2 +𝑝.q        (1) 

N: Research material (main mass) 

n: Sample volume  

Zα/2: Confidence coefficient 

d: Sampling error  

 p: Incidence (probability) of the studied event 

q: Frequency of the absence of the studied event (probability; 1-p) 

When the formula was applied, the sample size was found to be 150. In the formula applied, 
90% confidence coefficient and 20% margin of error were taken into account. The general rule 
applied in this type of sampling was accepted as (p) = (q) = 0.5. In this case, the largest possible 
sample volume was obtained with a fixed sampling error [16]. 

To test our hypotheses and meet the study objectives at the best possible level, the questionnaire 
was prepared by considering the issues stated by the experts in this field and the previous 
empirical studies. 

The questions in the questionnaire form were created based on food hygiene, personnel hygiene 
and equipment hygiene [17, 18]. When the formula was applied, the sample size was found to 
be 150. In the formula applied, 90% confidence coefficient and 20% margin of error were taken 
into account. The general rule applied in this type of sampling was accepted as (p) = (q) = 0.5. 
In this case, the largest possible sample volume was obtained with a fixed sampling error [16]. 

To test the developed hypotheses and to realize the research objectives at the best possible level, 
the questionnaire questions were prepared by considering the issues stated by the experts in this 
field and the previous empirical studies. The questions in the questionnaire form were created 
by making use of food hygiene, personnel hygiene and equipment hygiene [17, 18]. A 
questionnaire consisting of 94 questions in which information about economic and social 
(demographic) characteristics, hygiene education, food hygiene and food safety, personal and 
personnel hygiene, equipment hygiene, and HACCP system were asked to be evaluated was 
applied. In the analysis, the correct answer was evaluated as 1 (one), the wrong answer as -1 
(minus one) and “I don't know” as 0 (zero) points, and the triple Likert scale was used. The 
knowledge points of the participants in the study were obtained. By taking the average of their 
knowledge scores, those who are at or below the average score are deemed to have insufficient 
knowledge, and those with above-average scores are deemed to have sufficient knowledge. The 
results were evaluated in 2 groups as sufficient and insufficient knowledge levels [19]. The 
collected data were analyzed using the Statistical Package for Social Sciences (SPSS), version 
24.0. In its statistical evaluation; percentage (%), frequency distribution (f), arithmetic mean, 
standard deviation, Pearson Chi-Square, Fisher's exact test and Chi-square statistical analysis 
were used to compare knowledge competencies with other variables. Results were evaluated at 
a 95% confidence interval and p <0.05 significance level. 
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3. RESULTS AND DISCUSSION

78.0% of the participants are men and 22.0% are women. It was observed that 44.0% of the 
participants were between the ages of 31-40. Looking at the marital status of the participants, it 
is seen that the majority (75.3%) are married. Considering the distribution by educational status, 
it was seen that 12.0% of them were higher education graduates. Considering the distribution 
according to their titles, the largest group in the institutional kitchens is the other group with 
47. 3%, while 12.7% are the chefs, 16.0% are the section chiefs and 4.7% are the master chefs.
Considering the distribution by professional seniority, 58.0 % of them are between 1-5 years. 
Those with professional seniority over 10 years are 15.3% and those between 6-10 years are 
26.7%. Considering the distribution of the participants according to their smoking status, it is 
seen that more than half (65.4%) of the kitchen workers of the institution do not smoke. The 
distribution of the average scores of the participants from the questionnaires and the hygiene 
knowledge sufficiency ratios according to the surveys are given in Table 1.  

Table 1. Evaluating the scores of the participants from surveys 

n % 

Food  hygiene and safety 
qualification 

Sufficient  86  57.3 

Insufficient  64  42.7 

Personal hygiene and staff hygiene 
qualification 

Sufficient  70  46.7 

Insufficient  80  53.3 

Equipment hygiene qualification 
Sufficient  85  56.7 

Insufficient  65  43.3 

HACCP system knowledge 
sufficiency 

Sufficient  69  43.0 

Insufficient  81  57.0 

When looking at the calculation made using the triple Likert scale of the participants, the 
hygiene score average is 32.6. Those below this average were considered insufficient, and those 
above this average were considered sufficient. During the evaluation, the total score they should 
get was evaluated as 100%, and other averages and percentage calculations were made. It was 
determined that food hygiene and safety knowledge of 56.4% of the personnel, personal 
hygiene and personnel hygiene knowledge of 38% of the personnel, equipment and tools 
hygiene knowledge of 41.8% of the personnel, and HACCP knowledge of 71% of the personnel 
were above the average level. When Table 1 is examined, food hygiene and safety sufficiency, 
personal hygiene and personnel hygiene sufficiency, equipment hygiene sufficiency scored 
above average. The distribution of food hygiene and safety sufficiency ratios according to the 
demographic characteristics of the participants is given in Table 2 in numbers and percentage 
values. 
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Table 2. Food hygiene and food safety sufficiency ratios according to the demographic characteristics of the 
participants 

 Demographic features 

Food Hygiene and Food Safety 

X2  P Sufficient Insufficient

N % n %

Gender 
Male  68 58.1 49 41.9 

0.134  0.714
Female 18 54.5 15 45.5 

Age 

Age 30 and under 20 54.1 17 45.9 

1.183  0.55331-40 age 36 54.5 30 45.5 

Over 40 years old 30 63.8 17 36.2 

Educational status 

Literate 17 54.8 14 45.2 

4.809  0.307

primary school 17 56.7 13 43.3 

middle School 19 46.3 22 53.7 

High school 20 66.7 10 33.3 

Higher education 13 72.2 5 27.8 

Type of 

employment 

Full-time 80 58 58 42
0.287  0.592

Part-time 6 50 6 50

Title 

Intern  2 100 - -

6.341  0.256

Assistant Chef 14 51.9 13 48.1 

Chef  15 78.9 4 21.1 

Section chief 12 50 12 50

Masterchef 3 42.9 4 57.1 

Other  40 56.3 31 43.7 

Experience 

1 year  15 57.7 11 42.3 

1.854  0.603
2-5 year 34 55.7 27 44.3 

6-10 year 21 52.5 19 47.5 

More than 10 years 16 69.6 7 30.4 

Where he/she 

learned his/her job 

At school 7 100 - -

6.513  0.080
In a course 7 50 7 50

On-the-job training 56 57.7 41 42.3 

Other  16 50 16 50

Average working 

time per week 

40 hours and less 57 60.6 37 39.4 
1.124  0.289

More than 40 hours 29 51.8 27 48.2 

Cooking 

profession 

certificate status 

Yes  37 63.8 21 36.2 

1.613  0.204
No  49  53.3 43  46.7 

Average monthly 

income 

Minimum wage and 

below 
65  55.6 52  44.4 

0.687  0.407
More than the 

minimum wage 
21  63.6 12  36.4 
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In Table 2, when the distribution of food hygiene and safety competence results is examined 
according to the demographic characteristics of the participants, no statistically significant 
difference was found between the participants in the questionnaire (p˃0.05). 

The distribution of personal hygiene and personnel hygiene sufficiency ratios according to the 
demographic characteristics of the kitchen employees of the participating institution is given in 
Table 3 in numbers and percentage values. 

Table 3: Personal hygiene and staff hygiene sufficiency ratios according to the demographic characteristics of 
the participants 

Demographic features Personal Hygiene and 

Personnel Hygiene  X2  P 

Sufficient Insufficient 

n % n % 

Gender  Male  52 44.4 65 55.6 
1.055  0.304 

Female  18 54.5 15 45.5 

Age 

Age 30 and under 18 48.6 19 51.4 

6.020  0.049* 31-40 Age  24 36.4 42 63.6 

Over 40 years old 28 59.6 19 40.4 

Educational status 

Literate  15 48.4 16 51.6 

5.610  0.230 

Primary school  9 30.0 21 70.0 

Middle School  19 46.3 22 53.7 

High school  18 60.0 12 40.0 

Higher education 9 50.0 9 50.0 

Type of 

employment 

Full-Time  68 49.3 70 50.7 
4.717  0.030* 

Part- Time  2 16.7 10 83.3 

Title 

Intern  1 50.0 1 50.0 

4.111  0.550 

Assistant Chef  13 48.1 14 51.9 

Chef  5 26.3 14 73.7 

Section chief  12 50.0 12 50.0 

Masterchef  3 42.9 4 57.1 

Other  36 50.7 35 49.3 

Experience 

1 year  13 50.0 13 50.0 

1.816  0.611 
2-5 year  25 41.0 36 59.0 

6-10 year  19 47.5 21 52.5 

More than 10 years 13 56.5 10 43.5 

Where he/she 

learned his/her job 

At school  6 85.7 1 14.3 

4.444  0.215 

 the course  6 42.9 8 57.1 

at the workplace 

next to the master 

43 44.3 54 55.7 

Other  15 46.9 17 53.1 
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Average working 

time per week 

40 hours and less 41 43.6 53 56.4 
0.941  0.332 

More than 40 hours 29 51.8 27 48.2 

Cooking profession 

certificate status 

Yes  27 46.6 31 53.4 
0.001  0.982 

No  43 46.7 49 53.3 

Average monthly 

income 

Minimum wage and below 54 46.2 63 53.8 

0.056  0.813 
More than the minimum 

wage 

16 48.5 17 51.5 

The distribution of personal hygiene and staff hygiene sufficiency ratios according to the 
demographic characteristics of the participants was examined; a statistically significant 
difference was found between the groups in terms of age and type of employment (p<0.05).  

According to the demographic characteristics of the participants, the distribution of equipment 
hygiene qualification ratios is given in Table 4 in numbers and percentage values. 

Table 4. Equipment hygiene qualification according to the demographic characteristics of the participants 

Demographic features Equipment Hygiene 

X2 P 

Sufficient Insufficient 

n % n % 

Gender 
Male 65 55.6 52 44.4 

0.267 0.605 
Female 20 60.6 13 39.4 

Age 

Age 30 and under 20 54.1 17 45.9 

0.275 0.872 31-40 years 37 56.1 29 43.9 

Over 40 years old 28 59.6 19 40.4 

Educational status 

Literate 16 51.6 15 48.4 

3.866 0.424 

Primary school 14 46.7 16 53.3 

Middle School 23 56.1 18 43.9 

High school 19 63.3 11 36.7 

Higher education 13 72.2 5 27.8 

Type of employment 
Full-Time 78 56.5 60 43.5 

0.015 0.903 
Part-Time 7 58.3 5 41.7 

Title 

Intern 1 50.0 1 50.0 

4.757 0.446 

Assistant Chef. 15 55.6 12 44.4 

Chef 7 36.8 12 63.2 

Section chief 13 54.2 11 45.8 

masterchef 4 57.1 3 42.9 

Other 45 63.4 26 36.6 

Experience 
1 years 13 50.0 13 50.0 

0.978 0.807 
2-5 years 36 59.0 25 41.0 
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6-10 years 24 60.0 16 40.0 

More than 10 years 12 52.2 11 47.8 

Where he/she learned 
his/her job 

At school 5 71.4 2 28.6 

5.124 0.166 
the course 11 78.6 3 21.4 

at the workplace next 
to the master 

49 50.5 48 49.5 

Other 20 62.5 12 37.5 

Average working time 
per week 

40 hours and less 50 53.2 44 46.8 
1.238 0.266 

More than 40 hours 35 62.5 21 37.5 

Cooking profession 
certificate status 

Yes 32 55.2 26 44.8 
0.086 0.769 

No 53 57.6 39 42.4 

Average monthly 
income 

Minimum wage and 
below 

63 53.8 54 46.2 1.723 0.189 

When the data to find the questions sufficient according to the demographic characteristics of 
the participants according to the sufficiency of equipment hygiene, it was determined that there 
was no statistically significant difference between the groups (p˃0.05). 

The distribution of knowledge sufficiency ratios regarding the HACCP system according to the 
demographic characteristics of the participants is given in Table 5 in numbers and percentage 
values. 

Table 5. Sufficiency of HACCP System knowledge according to the demographic characteristics of the 
participants 

Demographic features HACCP System 

knowledge sufficiency X2 P 

Sufficient Insufficient 

n % n % 

Gender 
Male 57 48.3 61 51.7 

0.502 0.479 
Female 12 37.5 20 62.5 

Age 

Age 30 and under 19 52.8 17 47.2 

6.364 0.042* 31-40 years 35 47.9 38 52.1 

Over 40 years old 11 26.8 30 73.2 

Educational  
status 

Literate 11 37.9 18 62.1 

3.640 0.457 

Primary school 12 40 18 60 

Middle School 14 35.9 25 64.1 

High school 19 52.7 17 47.3 

Higher education 9 56.3 7 43.8 

Type of 
employment 

Full-Time 61 44.2 78 55.8 
0.212 0.758 

Part-Time 4 36.4 7 63.6 

Title 

İntern 2 100 - - 

3.080 0.730 Assistant Chef. 11 42.3 15 57.7 

Chef 7 41.2 10 58.8 
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Section chief 8 34.8 15 65.2 

masterchef 3 42.9 4 57.1 

Other 32 45.0 39 55.0 

Experience 

1 years 13 52 12 48 

5.760 0.135 
2-5 years 29 47.5 32 52.5 

6-10 years 19 43.1 25 56.9 

More than 10 years 4 20 16 80 

Where he/she 
learned his/her 

job 

At school 6 100 - - 

12.891 0.004* 
the course 10 45.4 12 54.6 

at the workplace next to the 
master 

31 34.4 59 65.6 

Other 18 56.3 14 43.8 

Average 
working time 

per week 

40 hours and less 51 51.5 48 48.5 
7.809 0.005* 

More than 40 hours 14 27.5 37 72.5 

Cooking 
profession 

certificate status 

Yes 28 48.2 30 51.8 
0.958 0.328 

No 
37 40.2 55 59.8 

Average 
monthly income 

Minimum wage and below 51 43.5 66 56.5 
0.037 0.847 

More than minimum wage 14 42.4 19 57.6 

When the distribution of HACCP System knowledge sufficiency ratios according to the 
demographic characteristics of the personnel is examined, a statistically significant difference 
was found between the groups in terms of age, where he learned his job and the average working 
time per week (p˂0.05).

The ratio of women included in our study was found to be 22%. When examining the data, the 
findings were consistent with the findings of the studies of Berber (2008) and Eser (2017) who 
stated that Eastern and Southeastern regions of Turkey had the lowest woman employment rates 
[20, 21]. The low rate of woman employees compared to man employees can be explained by 
the fact that the women in these two regions are profoundly affected by the sociological and 
cultural factors of the society in which they live. 

When the age distribution of the personnel working in the kitchens of the institutions was 
examined, it was found that 44% of the personnel were between the ages of 31-40, 24.7% were 
under 30 years old, and 31.3% were over 40 years old. It is thought that the accumulation of the 
largest age group between 31 and 40 is due to the demand for more experienced chefs and 
master chefs for quality products in the food industry. 

When the survey data are analyzed according to the education level of the personnel, it was 
determined that 20.7% were literate, 20% were primary school, 27.3% were secondary school, 
20% were high school graduates, and 12% were higher education graduates. Çakıroğlu et al. 
(2008) [22] found that 27.8% of the employed personnel were primary school graduates, 67.4% 
were secondary and high school graduates, and 4.8% were university graduates. The findings 
of this study about mass feeding personnel were similar to Çakıroğlu’s findings. 

When the professional seniority and hygiene knowledge level of the employees who 
participated in the survey were examined, the total hygiene, food and personal scores of 
employees with more than 10 years of work experience were found to be higher than those who 
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had less than 1 year of work experience. However, it was stated that the difference between 
them was not statistically significant (p> 0.05). When the job duration and food, personal, 
culinary and total hygiene knowledge scores of the individuals were examined, it was found 
that there was no statistically significant difference between the groups (p> 0.05). Although the 
difference between the employees participating in the survey is not found to be statistically 
significant, it has been stated that the knowledge of food safety and hygiene rules changes 
depending on the occupational seniority and working time of the personnel. In a study 
conducted by Bıyıklı (2011) [23], no statistically significant difference was found among the 
results of the data obtained from the food hygiene, personnel hygiene, kitchen hygiene, 
equipment hygiene, and total scores according to the professional experiences of the cooks 
participating in the study. (p> 0.05). In a study by Ulusoy et al. (2018) [24], the scores of 
employees with 3-6 years of work experience were found to be lower than those of employees 
with 2 years or less work experience (p <0.05). 

In hygiene, which is one of the vital issues in mass feeding systems, two issues come to the fore 
especially. The first of these is the health of the personnel working in food production and the 
cleanliness of the place where the food is made. The second is that the food is healthy and of 
good quality and preserved under appropriate conditions. Employees should have an 
understanding and awareness of personal cleanliness and hygiene and should be trained 
regularly. The continuity of this training should be monitored because continuous and effective 
training will help to eliminate the deficiencies [25, 26].  

When the data about whether the personnel participating in the survey received hygiene training 
were analyzed, it was seen that 95.3% got training and 4.7% did not. It is important to receive 
training on the subject for employees in places where mass feeding is provided. In the study 
conducted by Clayton et al. (2002) [15] in England, they reported that even if the people 
received hygiene training, most of them did not practice hygiene rules. In a study conducted by 
Eksen et al. (2004) [27] in Muğla, it was reported that 75.6% of employees working in food 
production establishments did not receive hygiene training. In another study, it was found that 
48% of some delicatessen and butchers in Istanbul did not receive hygiene training [28]. In 
addition, as a result of a study conducted by Babür (2007) [29] in Muğla, it was pointed out that 
there is a parallelism between the high ratio of personnel receiving hygiene training and the 
detection of good sanitation status. In a study conducted by Erçişli (2005) [30] to find out the 
knowledge of the personnel working in the institutions that produce and offer mass feeding in 
Konya, 44% of the personnel could not even define the concept of hygiene and this was 
associated with the insufficiency of the in-service training of these institutions. 

It is important whether the personnel working in places where mass feeding is provided receive 
training or not. The ratios obtained in this study are similar to the ratios determined for staff 
working in hotel kitchens in studies conducted by Siau et al. (2015) and Abdul-Mutalip et al. 
(2012) in Malaysia [31, 32]. In these studies, it was seen that most of the personnel received 
hygiene training. The reason why the training ratio (58.4%) obtained by Demirel in mass 
feeding establishments in Istanbul is higher than the rate obtained by Siau et al. in Malaysia 
(27.8%) and the rate obtained in the study conducted by Baş et al. can be explained by the fact 
that the requirement of the personnel working in food establishments to receive hygiene training 
was made mandatory after the studies conducted by Baş et al. and Demirel [33, 34]. However, 
although it has become obligatory to receive hygiene training in institutions in Turkey from 
2013 onwards [35], it was determined that among the personnel working in the institutions 
surveyed in this study, few people have not received this training yet (Table 2). 
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4. CONCLUSIONS

44% of the personnel participating in the survey are between the ages of 31-40. 78.0% of the 
personnel surveyed are men and 22.0% are women. It is seen that the majority of the employees 
(75.3%) participating in the survey are married. 20.7% of the personnel participating in the 
survey are literate, 20.0% are primary school graduates and 27.3% are secondary school 
graduates. These are followed by high school graduates with 20.0% and higher education 
graduates with 12.0%. The families of slightly more than half (54.7%) of the personnel consist 
of 4-6 people, while 27.3% of the personnel consist of 1-3, and 18.0% of the personnel consist 
of 6 and more people. While 65.3% of the employees participating in the survey have a nuclear 
family structure, it was determined that 27.3% have extended families and 7.3% have broken 
families. While the other staff (houseman, dishwasher, waiter, and cleaner) comprised 47.3% 
of the personnel participating in the survey, 12.7% were chefs, 18.0% were assistants, 16.0% 
were section chiefs and 4.7% of them were master chefs and 1.3% were interns. 40.7% of the 
personnel's professional seniority in the kitchen was between 2-5 years. Those with a seniority 
of 10 years or more in the kitchen were 15.3%, those between 6-10 years were 26.7% and those 
for 1 year were 17.3%. It has been observed that the weekly average working hours of 62.7% 
of kitchen personnel were 40 hours or less, and 37.3% of those were more than 40 hours. It is 
seen that 65.4% of the personnel do not smoke and 34.6% of the personnel smoke. 

When the distribution of personal hygiene and personnel hygiene sufficiency ratios is examined 
according to the demographic characteristics of the personnel, a statistically significant 
difference was found between the age groups (p˂0.05). In the analysis performed, it was 
determined that the difference in age groups was between cases "over 40" and "31-40 years 
old". It is seen that those under the age of 40 have a higher percentage of qualification in the 
HACCP information system than those over the age of 40. It was determined that most of those 
with insufficient knowledge (73.2%) were over 40 years old. While it is observed that the 
HACCP knowledge of those who work more than 40 hours a week is insufficient, it is seen that 
all of those who received HACCP knowledge at school have sufficient knowledge, others (such 
as who received it in a course or masters) have less knowledge. The reason for this can be that 
the hygiene education given at school is more instructive. 

The necessary environment and facilities should be provided for the personnel to perform the 
hygiene training in the simplest manner and by using visual training tools according to their 
education levels. Dieticians or food engineers trained in this field should be included. When 
choosing dieticians or food engineers, priority should be given to those with formation training. 
While the training continue, the person should also be inspected during the production. It is 
necessary to make the hygiene practices of the personnel a habit, especially the concept of hand 
hygiene. 

It has been observed that the level of knowledge of the personnel on hand hygiene and HACCP 
system is low. Attention should be paid to these hygiene problems and a realistic approach 
should be followed in solving these problems. Personnel should also be trained in the subjects 
they are lacking, and their progress should be checked by re-measuring or observing their 
hygiene knowledge level. 

This section should summarize the main findings and also link to the 
recommendations. Previous findings in the discussion should not be repeated, the author's 
results in a broader context of other studies on the subject interpreting them with a minimum of 
speculation. The conclusion should integrate with the research findings of other studies to 
provide the readers with a broad base for understanding whether the hypotheses tested were 
accepted or rejected. 
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ABSTRACT: This current study dealt with the quantum chemical analysis of fentanyl compound, 
which is a potent synthetic analgesic. First of all, the geometry optimizations were carried out via 
Density Functional Theory (DFT) and Hartree-Fock (HF) methods in both the gas and the water phase. 
The B3LYP functional and the HF method were used with the 6-31G (d,p) and 6-31++G (d,p) basis sets. 
Computed structural parameters were compared with the data available in the literature and consistent 
results were obtained for all four different methodologies. Charge distributions of each atom of fentanyl 
were obtained by Mulliken and natural population analysis. Accompanied by calculated molecular 
descriptors, the results of frontier molecular orbital (FMO) analysis and natural bond orbital (NBO) 
analysis were reported. Finally, molecular electrostatic potential (MEP) analysis has been performed to 
estimate reactive sites for electrophilic and nucleophilic attacks. Total density, ESP, MEP, and contour 
maps were visualized at B3LYP/6-31++G (d,p) level of theory. Gaussian 16 and GaussView 6 software 
packages were used to carry out all these studies. 

Keywords: Fentanyl, DFT, Atomic Charges, NBO, HOMO-LUMO 

 
1. INTRODUCTION 

Fentanyl (trade name Sublimaze, N-phenyl-N-[1-(2-phenylmethyl) piperidin-4-yl] 
propanamide), a synthetic phenylpiperidine belonging to the 4-anilinopiperidine series, was 
first synthesized in the late 1950s by Janssen Pharmaceutica® in Belgium [1]. It is used as a 
pain reliever during anesthesia and in the treatment of postoperative pain. By the World Health 
Organization (WHO) ranking, it is an analgesic in the 3rd degree among narcotic substances. 
Although its chemical structure is similar to pethidine, it is known to be about 80 times more 
effective and potent than meperidine, and about 80 times more effective than morphine, which 
is not a pethidine derivative. It is also a potent, synthetic, narcotic, analgesic opioid with fewer 
side effects [2, 3]. It began to be used in medical studies in the 1960s as an intravenous 
anesthetic under the trade name Sublimaze. Fentanyl's active ingredient, which is in the form 
of Fentanyl Citrate in the preparations, produces its analgesic effect by mimicking the effect of 
endogenous opioid neurotransmitters on specific receptors [3, 4].   

Fentanyl, a basic amine with a pKa of 8.43, is an effective opioid because of its high 
lipophilicity and rapid and effective distribution. It can be administered to people in different 
ways such as intramuscular, intravenous, transdermal, transmucosal and respiration [5-7]. 
Although 1 ng/mL plasma concentration may cause respiratory depression according to 
individual characteristics, 1.5–2 ng/mL concentration provides good postoperative analgesia. 
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Its effect starts in 30-60 seconds and lasts 30-60 minutes. The maximum level of analgesic 
effect is achieved within 3–6 minutes. In repetitive and long-term applications, the duration of 
action is prolonged as the inactive tissues are saturated [8]. In addition, Fentanyl metabolites 
do not have significant pharmacological activity, so it is a therapeutically important drug 
substance. For this reason, various methods for the synthesis of fentanyl have emerged in the 
literature, and its molecular characterization has been explored using different experimental and 
theoretical methods [9-15]. In these studies, FT-IR, 1H NMR, 13C NMR, normal Raman (NR), 
surface-enhanced Raman spectroscopy (SERS) analyses of fentanyl were examined in detail. 

Some physicochemical properties of a drug, such as pKa, lipophilicity, solubility, hydrogen 
bonding, and permeability, have a significant effect on its pharmacological activity, and 
therefore, a good understanding of these properties, their measurements and the agreement of 
their estimations are very important for a successful drug design [16]. In this context, it is highly 
advantageous to make use of quantum chemical descriptors. The 3D molecular descriptors 
characterize primarily properties that are bounded with the 3D conformation of the molecule. 
The main ones are descriptors such as chemical potential, chemical hardness, softness, 
molecular volume, electronegativity, and polar surface area. From this point of view, this study 
is aimed to examine the charge distribution analysis, frontier molecular orbital analysis, natural 
bond orbital analysis and molecular electrostatic surface properties of fentanyl using quantum 
chemical calculations. 

 

2. COMPUTATIONAL METHODS 

All geometry optimizations and frequency calculations of fentanyl were performed utilizing 
Gaussian 16 [17] and GaussView 6 software packages [18]. Computations were repeated in the 
water (ε=78.36) phase to investigate the solvent effect. No imaginary frequency was observed 
in any of the calculations made with Becke, three-parameter, Lee-Yang-Parr (B3LYP) and HF 
methods with two different basis sets that are 6-31G (d,p) and 6-31++G (d,p) [19-22]. In this 
way, the stability of the structure is verified. The SMD universal method (Solvent Model based 
on Density), a parametrized self-consistent reaction field (SCRF) based solvation model 
developed by Truhlar and coworkers, has been used to obtain thermochemical parameters [23]. 

 
3. RESULTS AND DISCUSSION 

3.1. Geometry optimization 

The optimized molecular structure of fentanyl with the numbering and labeling scheme is 
represented in Figure 1. The optimized bond lengths and bond angles values that are calculated 
using B3LYP and HF methods with two different basis sets are given in Table 1 and Table 2. 
The theoretical values in the tables are accompanied by the experimental values. The 
experimental bond lengths and bond angles are obtained from reference [15]. Linear correlation 
coefficients (R2) were calculated for each methodology to examine the strength of the 
relationship between theoretical structural parameters and experimental values. While it was 
seen that the R2 value was around 0.92 for bond lengths, this value increased to 0.96 for bond 
angles. This situation shows that the theoretical and the experimental values are in good 
agreement. 
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Figure 1. The optimized molecular structure of fentanyl 

 
 
 
 

Table 1. Selected experimental and calculated bond length values of fentanyl 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 B3LYP HF 
Bond Length 

(Å) 
Exp. 6-31G (d, p) 6-31++G (d, p) 6-31G (d, 

p) 
6-31++G (d, 

p) 

C24-C25 1.38 1.39 1.39 1.39 1.39 
C25-C23 1.41 1.40 1.40 1.39 1.39 
C24-C19 1.40 1.40 1.40 1.39 1.39 
C19-C13 1.40 1.40 1.40 1.39 1.39 
C13-C18 1.40 1.40 1.40 1.39 1.39 
C13-C10 1.53 1.51 1.51 1.51 1.51 
C18-C23 1.33 1.39 1.39 1.39 1.38 
C9-N2 1.52 1.46 1.46 1.45 1.45 
N2-C7 1.50 1.47 1.47 1.46 1.46 
C8-C6 1.51 1.53 1.53 1.52 1.52 
C6-C4 1.55 1.54 1.54 1.53 1.53 
C4-C5 1.51 1.53 1.53 1.53 1.53 
C4-N3 1.48 1.48 1.49 1.48 1.48 
C5-C7 1.55 1.53 1.53 1.53 1.53 

N3-C11 1.43 1.43 1.44 1.43 1.43 
N3-C12 1.39 1.39 1.39 1.37 1.37 
C11-C16 1.38 1.40 1.40 1.39 1.39 
C15-C20 1.37 1.39 1.39 1.39 1.38 
C20-C22 1.38 1.40 1.39 1.39 1.39 
C21-C16 1.41 1.40 1.40 1.39 1.39 
C12-O1 1.23 1.23 1.23 1.20 1.21 

 R2 0.92 0.92 0.90 0.92 
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Table 2. Selected experimental and calculated bond angle values of fentanyl 

 B3LYP HF 
Bond Angle 

(°) 
Exp. 6-31G (d, p) 6-31++G (d, 

p) 
6-31G (d, p) 6-31++G (d, 

p) 

C23-C25-C24 118.9 119.5 119.5 119.4 119.4 
C25-C23-C18 119.8 120.1 120.1 120.2 120.2 
C23-C18-C13 120.3 120.9 121.0 121.0 121.0 
C18-C13-C19 118.1 118.3 118.2 118.2 118.2 
C18-C13-C10 119.0 120.9 121.0 120.9 120.9 
C19-C13-C10 122.4 120.8 120.8 120.8 120.8 
C13-C19-C24 121.7 121.0 121.0 121.0 121.0 
C25-C24-C19 121.0 120.1 120.1 120.2 120.2 
C13-C10-C9 110.6 111.9 112.0 111.9 112.0 
C10-C9-N2 112.7 113.2 113.5 113.0 113.1 
C9-N2-C8 110.6 112.8 112.8 113.0 113.0 
C9-N2-C7 109.4 111.7 111.5 112.3 112.1 
C8-N2-C7 110.2 110.3 110.5 110.9 110.9 
N2-C8-C6 110.8 111.2 111.3 111.3 111.4 
C8-C6-C4 110.9 110.5 110.5 109.9 110.0 
C6-C4-C5 110.3 109.7 109.7 109.4 109.5 
C5-C4-N3 112.8 113.1 113.1 112.9 112.9 
C4-C5-C7 109.6 110.4 110.3 110.6 110.6 
N2-C7-C5 109.4 111.1 111.4 111.0 111.2 

C4-N3-C11 119.8 119.6 119.5 120.1 120.1 
N3-C11-C15 119.8 120.4 120.4 120.1 120.2 
C15-C11-C16 120.4 119.2 119.3 119.2 119.1 
C11-C16-C21 118.9 120.3 120.3 120.4 120.4 
C21-C22-C20 118.5 119.8 119.7 119.7 119.6 
C22-C20-C15 119.9 120.2 120.1 120.1 120.1 
C20-C15-C11 119.9 120.4 120.3 120.5 120.5 
N3-C12-C14 117.8 116.9 117.0 117.6 117.7 

 R2 0.96 0.96 0.95 0.95 

 
 
For each calculation level, the calculated thermodynamic parameters for not only the gas phase 
but also the water phase were tabulated. According to Table 3, the lowest total energy,  enthalpy 
and Gibbs free energy values were obtained by using B3LYP/6-31++G(d,p) level of theory. 

 
Table 3. Thermodynamic parameters of fentanyl calculated for each methodology (in Hartree) 

  Gas Phase   Water Phase  

 ΔETotal ΔH ΔG ΔETotal ΔH ΔG 

B3LYP/6-31G(d,p) -1039.989153 -1039.503861 -1039.586078 -1040.004146 -1039.518981 -1039.599860 

B3LYP/6-31++G(d,p) -1040.023219 -1039.538979 -1039.621841 -1040.042067 -1039.558099 -1039.639363 

HF/6-31G(d,p) -1033.231049 -1032.715185 -1032.793744 -1033.251792 -1032.736328 -1032.813857 

HF/6-31++G(d,p) -1033.253170 -1032.738158 -1032.816920 -1033.276390 -1032.761853 -1032.839734 

 
 
 
 



Serin et al., Quantum Chemical Calculations on Fentanyl Used as Potent Analgesic 
 
 

66 
 

 
3.2. Charge distribution analysis 

Mulliken population analysis is one of the most widely used population analysis methods 
because it helps to determine atomic charges that affect the properties such as molecular 
polarizability, dipole moment, electronic structure of a particular molecule [24]. The results of 
the Mulliken population analysis through all the methodologies used in this study provide the 
total atomic charges of fentanyl. In addition, the results of natural population analysis [25] 
provide the natural charges of fentanyl. Mulliken and natural atomic charges calculated for both 
vacuum and water environments are listed in Table 4 and Table 5. 

 
 

Table 4. Calculated Mulliken atomic charges of fentanyl 

 B3LYP/6-31G (d, p) B3LYP/6-31++G (d, p) HF/6-31G (d, p) HF/6-31++G (d, p) 
Atom Gas Water Gas Water Gas Water Gas Water 

O1 -0.506137 -0.603495 -0.443960 -0.609848 -0.618134 -0.715916 -0.531865 -0.673607 
N2 -0.436828 -0.459074 0.084116 -0.070023 -0.621626 -0.654513 -0.093399 -0.203193 
N3 -0.535823 -0.536514 0.307839 0.502940 -0.789867 -0.781804 0.095556 0.151605 
C4 0.069289 0.056932 -0.854872 -1.081967 0.099399 0.094953 -1.299758 -1.257451 
C5 -0.187207 -0.186661 0.456119 0.484692 -0.219089 -0.217433 0.547768 0.519386 
C6 -0.192398 -0.185543 0.305018 0.335853 -0.219075 -0.223426 0.389264 0.401574 
C7 -0.031935 -0.036774 -0.502892 -0.622205 -0.013197 -0.019371 -0.232789 -0.170966 
C8 -0.034510 -0.040100 -0.504425 -0.544000 -0.020464 -0.022746 -0.215059 -0.390232 
C9 -0.004157 -0.011786 -0.776137 -0.958977 0.010071 0.008519 -0.406118 -0.681489 

C10 -0.258487 -0.252722 -0.044888 0.022829 -0.237849 -0.226924 -0.056317 -0.021824 
C11 0.185324 0.194622 -2.213747 -1.181195 0.200088 0.203863 -0.220998 -0.224546 
C12 0.568671 0.594619 0.567311 0.851059 0.776280 0.805148 0.167876 0.398789 
C13 0.109406 0.093517 0.333703 0.316035 -0.006812 -0.038387 0.866377 0.818180 
C14 -0.265349 -0.272587 0.144041 0.042029 -0.319567 -0.324986 0.195443 0.067645 
C15 -0.062260 -0.085761 0.265895 0.609133 -0.122140 -0.139708 0.114379 0.033195 
C16 -0.064567 -0.085844 0.195609 0.542186 -0.124311 -0.141686 0.119856 0.103711 
C17 -0.301701 -0.331080 -0.850957 -0.851367 -0.313305 -0.347106 -0.498632 -0.546349 
C18 -0.109362 -0.144380 -0.244974 0.217621 -0.154645 -0.182544 -0.439361 -0.074407 
C19 -0.122258 -0.144561 -0.528625 -0.497480 -0.165476 -0.183237 -0.697265 -0.594542 
C20 -0.104666 -0.127008 -0.122862 -0.198435 -0.158702 -0.184583 -0.312041 -0.352425 
C21 -0.105666 -0.126720 -0.133497 -0.158679 -0.159238 -0.186084 -0.322033 -0.407560 
C22 -0.070444 -0.099686 -0.300435 -0.162166 -0.146307 -0.170991 -0.177491 -0.203227 
C23 -0.092415 -0.115047 0.021849 -0.376652 -0.143746 -0.174552 -0.075556 -0.390819 
C24 -0.088097 -0.114922 -0.094972 -0.228074 -0.142704 -0.174521 -0.165271 -0.284384 
C25 -0.084660 -0.117932 -0.313338 -0.205820 -0.160198 -0.189763 -0.329749 -0.246711 
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Table 5. Calculated natural atomic charges of fentanyl 

 B3LYP/6-31G (d, p) B3LYP/6-31++G (d, p) HF/6-31G (d, p) HF/6-31++G (d, p) 
Atom Gas Water Gas Water Gas Water Gas Water 

O1 -0.61872 -0.70723 -0.63097 -0.73266 -0.72792 -0.81380 -0.73221 -0.82651 
N2 -0.51056 -0.52923 -0.55546 -0.57459 -0.57237 -0.59311 -0.61833 -0.63996 
N3 -0.50392 -0.48258 -0.51775 -0.49269 -0.60496 -0.58109 -0.62534 -0.60026 
C4 -0.06338 -0.06078 -0.07181 -0.07117 -0.02063 -0.01727 -0.02051 -0.01681 
C5 -0.48151 -0.48573 -0.46221 -0.46609 -0.45444 -0.45386 -0.42629 -0.42768 
C6 -0.47918 -0.48510 -0.45971 -0.46583 -0.45207 -0.45418 -0.42360 -0.42611 
C7 -0.26174 -0.26454 -0.23978 -0.24374 -0.21182 -0.21157 -0.17987 -0.18138 
C8 -0.26730 -0.26724 -0.24566 -0.24715 -0.21857 -0.21202 -0.18675 -0.18261 
C9 -0.25608 -0.25321 -0.23653 -0.23586 -0.20475 -0.19835 -0.17537 -0.17199 
C10 -0.47957 -0.48593 -0.46560 -0.47343 -0.44958 -0.45003 -0.42768 -0.43064 
C11 0.13220 0.12554 0.13948 0.13423 0.14698 0.13858 0.15716 0.15023 
C12 0.71063 0.73203 0.70605 0.73057 0.87570 0.90150 0.87183 0.90109 
C13 -0.03017 -0.03667 -0.03516 -0.03955 -0.02589 -0.03505 -0.02755 -0.03508 
C14 -0.55605 -0.55901 -0.53886 -0.54125 -0.53644 -0.53637 -0.51056 -0.51131 
C15 -0.24420 -0.24380 -0.23902 -0.23749 -0.23668 -0.23045 -0.22932 -0.22268 
C16 -0.24604 -0.24364 -0.24041 -0.23679 -0.23762 -0.23364 -0.22995 -0.22628 
C17 -0.67916 -0.69278 -0.65411 -0.66695 -0.63919 -0.64865 -0.59876 -0.60810 
C18 -0.24289 -0.24888 -0.24046 -0.24671 -0.24599 -0.24863 -0.24269 -0.24541 
C19 -0.23667 -0.24818 -0.23510 -0.24624 -0.23964 -0.24827 -0.23746 -0.24511 
C20 -0.22114 -0.24512 -0.22191 -0.24651 -0.21519 -0.24222 -0.21377 -0.24163 
C21 -0.22016 -0.24504 -0.22095 -0.24648 -0.21434 -0.24213 -0.21294 -0.24130 
C22 -0.24081 -0.24372 -0.23811 -0.24257 -0.23904 -0.23697 -0.23475 -0.23431 
C23 -0.22470 -0.24821 -0.22322 -0.24845 -0.21075 -0.23639 -0.20641 -0.23392 
C24 -0.22551 -0.24822 -0.22367 -0.24844 -0.21169 -0.23637 -0.20712 -0.23390 
C25 -0.25019 -0.26061 -0.24999 -0.26169 -0.25405 -0.25979 -0.25333 -0.25997 

 
 

Mulliken and Natural charge diagrams of fentanyl calculated at B3LYP/6-31G (d,p) level of 
theory are represented in Figure 2. When Table 4, 5, and Figure 2 are examined, it is observed 
that there is a general tendency in the same direction in both charge distributions for all 4 
methodologies. While all hydrogen atoms are positively charged and oxygen atoms are 
negatively charged, differences are seen for carbon and nitrogen atoms. While the natural 
charges of N2 and N3 atoms are negative, positive values are also seen in Mulliken charges for 
B3LYP/6-31++G(d, p) and HF/6-31++G(d, p) methods. 
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Figure 2. (a) Mulliken (b) Natural charge diagrams of fentanyl at B3LYP/6-31G (d,p) level of theory 

 

3.3. Frontier molecular orbital (FMO) analysis 

Frontier molecular orbitals, the highest occupied molecular orbital (HOMO) and the lowest 
unoccupied molecular orbital (LUMO), which have a crucial role in the electronic properties of 
a molecule, are the most critical orbitals in a molecule. While HOMO energy is related to 
electron-donating potential, LUMO energy is related to electron-accepting affinity [26]. The 
difference between the HOMO-LUMO energy values, also called the energy gap, is a 
significant parameter in determining the electrical properties of the molecule, as well as giving 
important information about its stability. The ΔE value expresses the energy required to 
transition from a stable ground state to an excited state. The higher the energy value, the higher 
the stability. Using the HOMO and LUMO energy values, some quantum chemical descriptors 
can also be calculated [27-29], which provide important information about the 
reactivity/bioactivity of a particular molecule [30-33]. The values obtained as a result of FMO 
analysis for fentanyl are summarized in Table 6. In Table 6, the highest ΔE values are obtained 
by using HF/6-31G (d, p) method and the values are equal to 12.2291 eV and 12.4770 for gas 
and water phases respectively. These high energy values point out the good stability of fentanyl. 
Also, chemical hardness, softness and energy gap values are notions related to each other. The 
highest chemical hardness value and the lowest softness value belong to again HF/6-31G (d, p) 
method.  

 

 

(a) 

(b) 
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Table 6. Calculated molecular descriptors for both gas and water phases in eV (S: eV-1) 

 B3LYP/6-31G(d,p) 
B3LYP/6-

31++G(d,p)
HF/6-31G(d,p) HF/6-31++G(d,p) 

 Gas Water Gas Water Gas Water Gas Water 

EHOMO -5.7797 -5.8320 -6.0535 -6.0673 -8.6921 -8.7602 -8.8502 -8.8728 

ELUMO -0.4585 -0.2626 -0.9189 -0.6493 3.5369 3.7168 0.9336 1.2014 

∆E 5.3212 5.5694 5.1345 5.4181 12.2291 12.4770 9.7839 10.0742 

Chemical Hardness (ᶯ) 2.6606 2.7847 2.5673 2.7090 6.1145 6.2385 4.8919 5.0371 

Global Softness (S) 0.1879 0.1796 0.1948 0.1846 0.0818 0.0802 0.1022 0.0993 

Chemical Potential (µ) -3.1191 -3.0473 -3.4862 -3.3583 -2.5776 -2.5217 -3.9583 -3.8357 

Electronegativity (χ) 3.1191 3.0473 3.4862 3.3583 2.5776 2.5217 3.9583 3.8357 

Electrophilicity index (ω) 1.8283 1.6673 2.3670 2.0816 0.5433 0.5097 1.6014 1.4604 

 
 
Molecular orbital energy level diagrams and HOMO-LUMO plots of fentanyl are displayed in 
Figure 3. It is clear that for both theory levels, HOMO orbitals are localized on the piperidine 
ring, while LUMO orbitals are localized on the aniline ring. The energy gap (ΔE) values 
calculated using the values obtained from the molecular orbital energy levels were found to be 
5.32 eV and 5.13 eV for B3LYP/6-31G (d, p) and B3LYP/6-31++G (d, p) levels, respectively. 

B3LYP/6-31G(d,p) B3LYP/6-31++G(d,p) 
 

 
                       LUMO 

 
 

 
                                          LUMO 

  

 
                       
                       HOMO 

 

 
                                                HOMO 

 
 

Figure 3. Molecular orbital energy diagrams and HOMO-LUMO plots of fentanyl 

∆E= 5.32 eV 
∆E= 5.13 eV 
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3.4. Natural Bond Orbital (NBO) analysis  

The role of exchange transfer or intermolecular orbital interactions in a molecule can be figured 
out by NBO analysis. It is performed by regarding possible interactions between the whole 
donor (filled) and acceptor (empty) natural bond orbitals and anticipating their energetic 
importance with second-order perturbation theory [34, 35]. In this study, the calculated natural 
population analysis (NPA) and natural electronic configuration (NEC) of fentanyl at B3LYP/6-
31++G (d, p) level are presented in Table 7. Moreover, the stabilization energy values 
calculated according to the formula (1) given below for the interactions between the donor and 
acceptor orbitals are shown in Table 8. 

                                                       𝐸ሺଶሻ ൌ ∆𝐸௜௝ ൌ 𝑞𝑖
  ሺி௜௝ሻమ

ሺఌ௝ିఌ௜ሻ
                                                                  (1) 

The qi, ԑj and ԑi, Fij has shown in the formula represent donor bonding orbital occupancy, 
acceptor bond orbital energies and NBO Fock matrix element, respectively. NBO analysis of 
fentanyl shows that there are 11 interactions involving LP (1) N2, 10 interactions involving LP 
(1) N3, 3 interactions for LP (1) O1 and 6 interactions for LP (2) O1. The interactions that are 
important among these results are summarized in Table 8. According to Table 7, it is seen that 
the intramolecular charge transfer from LP (1) N3 donor to π*(O1-C12) acceptor orbital is 
calculated as 64.99 kcal mol-1. Again, the most important ones among the π-π* interactions are 
shown in the table. 

 
Table 7. Summary of NPA and NEC of fentanyl at B3LYP/6-31++G(d,p) level 

 Natural Population  

Atom Core Valence Rydberg Total Natural Electron Configuration 

O1 1.99979 6.60980 0.02138 8.63097 [core]2s1.702p4.913d0.02 
N2 1.99945 5.52665 0.02936 7.55546 [core]2s1.292p4.243s0.014p0.01 
N3 1.99929 5.49479 0.02367 7.51775 [core]2s1.212p4.294p0.02 
C4 1.99918 4.04833     0.02430 6.07181 [core]2s0.942p3.113d0.014p0.01 
C5 1.99931 4.45013 0.01277 6.46221 [core]2s1.032p3.424p0.01 
C6 1.99932 4.44755 0.01285 6.45971 [core]2s1.032p3.424p0.01 
C7 1.99936 4.22455 0.01587 6.23978 [core]2s1.012p3.214p0.01 
C8 1.99935 4.23013 0.01618 6.24566 [core]2s1.012p3.224p0.01 
C9 1.99937 4.22069 0.01647 6.23653 [core]2s1.012p3.214p0.01 

C10 1.99929 4.45319 0.01312 6.46560 [core]2s1.022p3.434p0.01 
C11 1.99888 3.83748 0.02416 5.86052 [core]2s0.842p3.004p0.01 
C12 1.99938 3.25588 0.03869 5.29395 [core]2s0.812p2.453d0.014p0.03 
C13 1.99906 4.01854 0.01756 6.03516 [core]2s0.882p3.134p0.01 
C14 1.99926 4.53050 0.00910 6.53886 [core]2s1.062p3.47 
C15 1.99892 4.22493 0.01516 6.23902 [core]2s0.962p3.274p0.01 
C16 1.99892 4.22624 0.01525 6.24041 [core]2s0.962p3.274p0.01 
C17 1.99949 4.64556 0.00907 6.65411 [core]2s1.092p3.55 
C18 1.99901 4.22671 0.01473 6.24046 [core]2s0.952p3.284p0.01 
C19 1.99902 4.22105 0.01504 6.23510 [core]2s0.952p3.274p0.01 
C20 1.99915 4.20688 0.01588 6.22191 [core]2s0.962p3.244p0.01 
C21 1.99915 4.20593 0.01587 6.22095 [core]2s0.962p3.244p0.01 
C22 1.99914 4.22362 0.01535 6.23811 [core]2s0.972p3.264p0.01 
C23 1.99916 4.20742 0.01664 6.22322 [core]2s0.962p3.244p0.01 
C24 1.99915 4.20802 0.01650 6.22367 [core]2s0.962p3.244p0.01 
C25 1.99914 4.23484 0.01601 6.24999 [core]2s0.962p3.274p0.01 
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Table 8. Second-order perturbation theory analysis of fentanyl at B3LYP/6-31++G (d, p) level in the gas phase 

Donor(i) Occupancy Acceptor(j) Occupancy E(2) kcal/mol E(j)-E(i)/a.u F(i,j)/a.u 

π C11-C15 1.66435 π* C16-C21 0.32505 20.27 0.28 0.068 
  π* C20-C22 0.32841 19.58 0.28 0.067 

π C13-C18 1.64875 π* C19-C24 0.33295 19.51 0.28 0.066 
  π* C23-C25 0.33735 21.38 0.28 0.069 

π C16-C21 1.65806 π* C11-C15 0.35643 20.65 0.28 0.068 
  π* C20-C22 0.32841 20.11 0.28 0.067 

π C19-C24 1.67111 π* C13-C18 0.34351 20.84 0.28 0.069 
  π* C23-C25 0.33735 19.55 0.28 0.066 

π C20-C22 1.65837 π* C11-C15 0.35643 20.80 0.28 0.068 
  π* C16-C21 0.32505 20.09 0.28 0.067 

π C23-C25 1.66588 π* C13-C18 0.34351 19.21 0.28 0.066 
  π* C19-C24 0.33295 20.63 0.28 0.068 

LP (2) O1 1.86241 σ* N3-C12 0.08361 25.55 0.69 0.121 
  σ* C12-C14 0.06228 19.76 0.62 0.101 

 LP (1) N2 1.88258 σ* C7-H31 0.03430 7.54 0.70 0.066 
  σ* C8-H34 0.03470 7.39 0.69 0.065 
  σ* C9-H35 0.03222 7.48 0.70 0.066 

LP (1) N3 1.69901 π* O1-C12 0.28965 64.99 0.26 0.117 
  σ* C11-C15 0.02907 6.52 0.79 0.069 
  σ* C11-C16 0.02892 6.39 0.79 0.068 

 
 
3.5. Electrostatic surface properties 

Three-dimensional shapes of the molecular electrostatic potential (MEP) surfaces that are also 
known as molecular electrostatic potential maps describe the 3D charge distributions within a 
molecule. These surfaces give a visual representation of variably charged regions of a molecule. 
The charge distribution information is used to determine the charge-dependent properties and 
the interaction of molecules with each other [36]. In the MEP map, the red region represents 
the electron-rich region with the lowest potential energy, while the blue region represents the 
electron-poor, positively charged region with the highest potential energy value. Total density, 
MEP, ESP, and contour maps obtained at B3LYP level with 6-31++G (d,p) as the basis set are 
displayed in Figure 4. According to the MEP map, it is seen that the negative potential is clearly 
around the O1 atom. In addition, regions with positive potential are predominantly located on 
C˗H bonds. 
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Figure 4. Molecular surfaces calculated at B3LYP/6-31++G (d, p) level of theory 

 

4. CONCLUSIONS 

It is known that the physicochemical properties of drugs affect their bioactivity. These 
physicochemical properties differ according to the changes in their chemical structures. The 
spatial arrangement of the drug molecule and how it interacts with the target determines the 
pharmacological activity of the drug. In the light of this information, it is a highly advantageous 
approach to obtain information about the relevant physicochemical properties by using 
computational chemistry methods to interpret the pharmacokinetic properties of a drug 
candidate while it is still in the design phase. 

As a result, quantum chemical analysis was performed for fentanyl, a potent synthetic analgesic. 
Calculations were repeated for the water environment, as its behavior in the solvent 
environment is also important. Values compatible with the literature were obtained for bond 
angle and bond length. The lowest total energy, enthalpy and Gibbs free energy values from the 
calculated thermodynamic parameters were observed at B3LYP/6-31++G(d,p) level. Outputs 
of Mulliken population analysis, natural population analysis, and frontier molecular orbital 
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analysis are presented both as tables and diagrams. Quantum chemical descriptors were 
calculated from the HOMO and LUMO energy values. The energy gap, hardness and softness 
values that provide predictions about the reactivity of the molecule show that the compound is 
stable. The highest ΔE and hardness value with the lowest softness value were obtained by 
HF/6-31G (d, p) method. Intermolecular orbital interactions of fentanyl were figured out by 
NBO analysis. It was determined that the intramolecular charge transfer from LP (1) N3 donor 
to π*(O1-C12) acceptor orbital, which was calculated as 64.99 kcal mol-1, was the strongest 
interaction. According to the MEP analysis, it is observed that the negative potential is clearly 
around the O1 atom. In addition, regions with positive potential are predominantly located on 
C˗H bonds. 
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ABSTRACT: The widespread digitalization make the security of digital systems more important. 
Various cryptographic systems are used to ensure the security of the systems. An important part of the 
system is random numbers. In the article, a random number generator based on the discrete cosine 
transform, which is the basis of image compression algorithms, is proposed. In this generator, the 
difference between the original image and the compressed image produced using the discrete cosine 
transform is used. The original picture is transferred to the frequency domain by using the discrete cosine 
transform. Then, it is converted back to the space domain by using the inverse discrete cosine transform. 
These transformations cause some losses as certain coefficients are taken into account. Raw random 
numbers were generated using the differences between the original image and the compressed image. 
Then, the possible weaknesses in the generated random numbers were removed by passing these raw 
data through the hash function. The SHA-512 algorithm was used as the hash function. An important 
advantage of the developed system is that it can be easily implemented. The safety of generated random 
numbers is demonstrated by the successful result of NIST and correlation tests. In addition, the security 
parameters of the proposed method are shown in the discussion section. 

Keywords: Discrete cosine transform, Image compression, Random numbers, Hash functions. 

 

1. INTRODUCTION 
 

Today, digital devices are widely used day by day. The use of the devices such as smartphones, 
tablets, and computers is indispensable in many areas [1]. Cyberattacks, on the other hand, 
abuse the weak sides of these digital devices [2]. Many cryptographic systems and protocols 
are used to avoid this weakness [3-5]. These systems ensure the security of both data sources 
and data. The basis of these systems is usually based on secret and secure parameters such as 
key and seed value [3]. For the security of the systems, it is important to produce these values 
from reliable sources [4]. Random number generators produce secure random numbers, which 
is the most important parameter that affects the security of these systems and data [3]. 

Random numbers are the most important part of many cryptographic applications [6]. Private-
public key pair, secret key, seed value are among them. Since this value has critical importance 
on the whole system, it is important to produce them. In addition, there are security parameters 
that random numbers must provide to be used in cryptographic systems. These parameters are 
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expressed as R1-R4 and guarantee the safety of the numbers used. R1-R4 parameters are briefly 
described in Table 1.  

 
Table 1. The security requirements for secure random number generators 

 
R1: Random numbers should not contain any statistical weaknesses 
R2: Knowing the subsequences of random numbers should not allow the calculation or prediction of the 

preceding and succeeding random numbers 
R3: It should not be possible to compute the previous random numbers with the possibility of prediction 

when the internal state value is known, or even if the internal state value is unknown 
R4: It should not be possible to compute the next random numbers with the possibility of prediction when 

the internal state value is known, or even if the internal state value is unknown 

 
Various methods and sources are used for random number generation. However, random 
number generators are divided into three sub-classes: true random number generators (TRNG), 
pseudo-random number generators (SRSU), and hybrid random number generators (HRNG). 
TRNG generators use physical and non-repeatable sources such as electronic noise and 
radioactive decay [7]. PRNG are generators based on some calculations which use a specific 
algorithm and seed value [8-10]. HRNG, on the other hand, is an approach based on the use of 
these two approaches together [11]. 

Many post-processing algorithms are used to eliminate possible weaknesses in random numbers 
generators [6]. Post-processing algorithms are widely used to make the generator more secure 
[12-16]. There are many post-processing algorithms in the literature [13-15]. Cryptographic 
hash algorithms are widely used as post-processing algorithms in random number generation 
[15]. The important reason for this is that these algorithms are resistant to collisions and are 
one-way functions. In addition, these algorithms produce data with a uniform distribution and 
strong statistical properties [16]. 

Data generated from digital data sources are subjected to compression processes to reduce the 
data load in transmission and storage processes. Compression is divided into two classes such 
as lossy and lossless compression [17-18]. Lossless compression is that the original image is 
compressed without any loss of the image. On the other hand, Lossy compression causes some 
loss on the original image and the original image does not reproduce. The most widely used 
method of lossy compression is to compress the original image by converting it to the frequency 
domain. Discrete cosine transform, which is used in many algorithms such as JPEG, is an 
important transform method. 

Discrete cosine transform is a widely used method in data compression [19-22]. In the method, 
data is first converted into the frequency domain. Then, in the frequency domain, some 
coefficients that take into account the human visual sense are kept, while some coefficients are 
not taken into account [23]. Thus, significant compression of the data is done by using a series 
of processes that are not noticed or barely noticed by the human eye [24]. When converted to 
this compressed image, the original image does not reproduce because of some loss [19-22]. 

In the study, a random number generator based on the discrete cosine transform, which is the 
basis of image compression algorithms, is proposed. Random numbers are generated by using 
the difference values between the original image and the compressed image using the discrete 
cosine transform. These numbers are passed through cryptographic hash algorithms, ensuring 
that they have a uniform distribution and become safe. It can be used as a random number 
generator in many digital applications with the proposed method. In addition, it is shown that 
generated random numbers are safe by statistical tests. 
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The rest of this paper is organized as follows: In the second part, the structure of the proposed 
method, the entropy source used, and the operations performed were examined. In the next 
section, the safety evaluation of the numbers produced and the method used were made. The 
last section contains the results. 

 
2. MATERIAL AND METHODS 

In the study, secure random numbers, which are an important part of many applications, are 
generated. The proposed approach is given in Figure 1. Firstly, the original picture is 
transformed into the frequency domain by using the DCT. Then, the data in the frequency 
domain is transformed back to the space domain by going through IDCT and the compressed 
image obtained. The compressed image is subtracted from the original image and the difference 
matrix is obtained. Then, raw random numbers are produced by converting the data in each row 
and column in this matrix to binary number format. Then, these raw data are passed through 
the cryptographic hash algorithm and possible correlations and weaknesses are removed.  

 

 
 

Figure 1. The general structure of the proposed method 
 
DCT is a Fourier-based method that converts data from the space domain to the frequency 
domain. In the method, original data is represented with fewer coefficients without any 
significant difference in terms of human visual psychology. In the method, compressed data is 
created by giving some losses from the original data. First, the original data is transferred to the 
frequency domain by DCT transform. The data transferred to this domain is expressed by the 
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coefficient matrix. Some values of this coefficient matrix are preserved by considering human 
visual psychology and some values are neglected. Then, the data in the frequency domain is 
transferred to the space domain by using the IDCT transform, and compressed data is obtained. 
The difference between the original and the compressed image is taken as an entropy source. 

A random number generator is designed by using the difference between the original data and 
the compressed data as an entropy source. Firstly, the original image pixel value is subtracted 
from the compressed image pixel value and the difference matrix is calculated. Then these 
difference matrix values are taken as positive and converted to binary. A binary bit sequence is 
converted to binary and added in a row. Finally, these binary bit string values are given as input 
to the hash algorithm and random numbers are generated.  

Transferring images from the space domain to the frequency domain is widely used in 
steganography techniques. Many transformations are used for this transfer process. DCT is one 
of the commonly used transformations based on mathematical operations. The formulas used 
for DCT and IDCT transformations are given in Eq. (1), Eq. (3) respectively. First of all, 
transformation matrices were produced using the equations. Using these matrices, 
transformations are made from the space domain to the frequency domain. 
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Here the values of a(u) and a(v) are prepared Eq. (2) 
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The inverse discrete cosine transform is performed as shown in Eq. (3). IDCT transfers input 
images or data from the frequency domain to the space domain. With this inverse 
transformation, the data is compressed. Compressing is done without significant visual 
differences between the compressed data and the original data. 
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Potential weaknesses in these numbers are removed by using hash functions in the designed 
generator.  The SHA-512 function, which is used in many applications and has a secure 
structure, is used as a cryptographic hash function [25]. These functions extract a summary of 
a given message, which can be expressed as a fingerprint. During this process, both data are 
compressed and passed through some logical and algebraic operations. With the help of these 
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processes, possible weaknesses in these data are removed and safe summary values are 
produced. The general structure of these functions is given in Figure 2. 

By using the structure of hash functions as in Figure 3, random numbers larger than the hash 
value are generated. The hash value taken at each step is used to generate random numbers and 
to calculate new data. 

 

 
 

Figure 2. The post-processing structure of the proposed method 
 
 

 

 
 

Figure 3. Cascade structure using cryptographic hash functions of the proposed method 
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3. RESULTS AND DISCUSSION 
 

The security of applications used in many areas depends on the security of random numbers. 
Random numbers are an important part of the applications. Therefore, various security 
parameters must be met for the numbers used in these fields to be considered safe. The first of 
these parameters is that the source and method of the random numbers should be safe. Secondly, 
the numbers do not contain any statistical weakness. Another important parameter is that these 
numbers should meet the security requirements for cryptographic applications. In addition, the 
production cost of these numbers is another important parameter. 

The proposed approach is based on the DCT method, which is widely used in lossy compression 
operations. Compressed data obtained with this approach is created with some loss from the 
original data. Here, the amount of loss varies according to the compression ratio in the original 
image. However, since some coefficients of the data transferred to the frequency space are not 
taken into account, the original picture is not produced from the compressed picture. Thus, the 
difference values between the compressed data and the original data can be used as an entropy 
source. In this study, raw random numbers are generated by using the entropy source. Here, is 
original image value, compressed image value, and difference matrix value is given in Table 2, 
Table 3, and Table 4 respectively. 

 
Table 2. Original image value  

 

 
 
 
 

Table 3. Compressed image value  
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Table 4. Difference matrix value  
 

 
 
In the proposed approach, cryptographic hash functions are used to remove any possible 
statistical weaknesses and biases in the generator. The use of these functions guarantees the 
security of the generated numbers. Primarily, these functions meet the requirements for 
cryptographic systems. These requirements, expressed as R1-R4, are parameters such as the 
numbers produced do not contain any statistical weakness, do not reproduce, and do not be 
reversed. These requirements are briefly explained in Table 1. Hash functions meet these 
requirements because they are both unidirectional and conflict-proof. 

Random number generators should not contain any statistical weaknesses because of security 
reasons. The weaknesses make possible various attacks on these numbers. So the numbers used 
in critical applications do not contain any statistical weaknesses. Various tests are used to 
statistically examine the random number generators. These tests have similar structures 
generally. The 800-22 test suite, proposed by NIST, and the autocorrelation method are widely 
used. The 800-22 test suite contains 15 different tests [26]. This test suite statistically analyzes 
the random numbers.  The safety of the numbers is carried out using these tests. The successful 
test results are given in Table 5 show the safety of the proposed method. 

 
Table 5. Statistical test results of the proposed method  

 
Statistical tests P-value Results 
Frequency Test 0.3751 Successful 

Block-frequency Test 0.4972 Successful 
Runs Test 0.5137 Successful 

Test for the Longest Run of Ones in a Block Test 0.3254 Successful 
Binary Matrix Rank Test 0.6176 Successful 

Discrete Fourier Transform Test 0.1865 Successful 
Non-overlapping Template Matching Test 0.3268 Successful 

Overlapping Template Matching Test 0.6249 Successful 
Maurer’s Universal Statistical Test 0.7630 Successful 

Linear Complexity Test 0.4534 Successful 
Serial Test1 0.3017 Successful 
Serial Test2 0.4782 Successful 

Approximate Entropy Test 0.2164 Successful 
Cumulative Sums Test 0.6595 Successful 

 
The autocorrelation test is used to decide whether the produced random numbers are self-
contained. The mathematical expression of the test is given in Eq. (4), where ⊕ is the XOR 
operation; n is the dimension, and d is an integer value in the range of 0 ≤ d ≤ n/2. Eq. (5) shows 
the relationship between zero and one number. The results of the equation being in the range of 
|X_5¬|<1.6449 show that the proposed generator is successful [4]. Table 6 shows the successful 
results obtained using the method. 
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Table 6. Autocorrelation test results  
 

Test D value X5 value Results 
 
 
 
 
Autocorrelation 

8 -0.4234 Successful 
10 0.5029 Successful 
13 -0.5341 Successful 
16 1.1878 Successful 
20 -0.7347 Successful 
25 -0.8628 Successful 

100 0.9652 Successful 
500 -0.9443 Successful 
1000 -1.2024 Successful 

 
 
4. CONCLUSIONS 

Random numbers form an important part of many algorithms. These numbers can be generated 
from different sources such as atmospheric phenomena and electrical noise. In the study, 
random numbers are generated by using lossy compression operations based on the discrete 
cosine transform. In the transformation, any data in the space domain is transferred to the 
frequency domain. In the coefficient matrix produced by this transfer process, some important 
coefficients are preserved and the unimportant ones are neglected, taking into account human 
visual psychology. These operations cause differences between the original image and the 
compressed image. In the study, random numbers are generated by using these differences as 
an entropy source. The cryptographic hash function is used to remove any possible weaknesses 
in these generated numbers. This function is unidirectional and conflict-proof, which makes the 
numbers safe. Thus, the generated numbers meet the security requirements for many areas, 
especially cryptographic applications. In addition, the NIST and autocorrelation tests are used 
to show that the produced numbers do not contain any statistical weakness. Thus, the generated 
random numbers can be used in many fields. 
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ABSTRACT: Plant diseases lead to a significant decrease in product efficiency and economic losses 
for producers. However, early detection of plant diseases plays an important role in preventing these 
losses. Today, Convolutional Neural Network (CNN) models are widely used for image processing in 
many fields such as face recognition, climate, health, and agriculture. But in these models, the weights 
of the layers are randomly initialized during training, which increases training time and decreases 
performance. With the method known as Transfer Learning in the literature, CNN models are trained 
on large databases such as ImageNet. Then, pretrained CNN models are created using the weights 
obtained in this training. Thus, training time decreases while performance improves. In this study, 
standard and pretrained versions of popular CNN models DarkNet-19, GoogleNet, Inception-v3, 
Resnet-18, and ShuffleNet have been used for automatic classification of diseases from leaf images of 
potato, cotton, bean, and banana. In the experimental study, the classification performances of all these 
standard and pretrained CNN models are presented comparatively. Experimental results have shown 
that the performance of CNN models is significantly improved by transfer learning, even in a small 
number of epochs.  

Keywords: Convolutional Neural Network, Transfer Learning, Disease Detection, Classification. 

 
1. INTRODUCTION 

In parallel with the rapid increase in the world's population, the demand for agricultural 
products also increases. Increased productivity in agricultural products is very important to 
meet this demand. However, plant diseases lead to decreases in crop productivity, economic 
losses, and an inability to meet the increasing demand. However, early detection of plant 
diseases plays an important role in preventing these losses. Experts and laboratories are required 
to detect plant diseases. However, this increases the transaction costs and leads to time loss [1]. 
Today, methods based on image processing technology are frequently used for the detection of 
plant diseases [2]. Convolutional Neural Network (CNN) models, one of the most up-to-date 
image processing technologies, are widely used in many areas such as face recognition, climate, 
health, and agriculture. 

There are many CNN-based studies for the detection of plant diseases in the literature. Chen et 
al. [3] proposed a CNN model called Mobile-Atten, which is based on the MobileNet-v2 CNN 
model. In the study, they performed disease detection and classification using rice leaves with 
the Mobile-Atten model. In another study focusing on disease detection using rice leaves, 
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Shrivastava et al. [4] used AlexNet architecture. In the study, they reached a 91.37% 
classification accuracy rate. Abbas et al. [5] proposed a method called C-GAN based on the 
DenseNet CNN model for disease detection using tomato leaves and achieved a 99.51% success 
rate. Türkoğlu et al. [1] suggested a new CNN model consisting of 18 layers for disease 
detection using apricot images. Sert [6] proposed a new method called Faster R-CNN-GC, 
which is based on image compositing, GoogleNet, and Faster R-CNN. In the study, the 
detection of pepper and potato leaves was carried out and the type of disease was determined 
from these leaves. On the other hand, Khan et al. [7] proposed an approach called CCDF for 
disease detection using apple and banana leaf images. In this approach, feature extraction from 
apple and banana images is performed with pretrained VGG-16 and AlexNet models, and then 
classification is performed with the Support Vector Machine (SVM). Aksoy et al. [8] performed 
disease detection with AlexNet, DenseNet-121, Resnet-34, Squeezenet, and VGG-16 CNN 
models using apple leaf images and compared the performances of these models. Hassan et 
al.[9]performed disease detection with Inception-v3, InceptionResNet-v2, MobileNet-v2, and 
EfficientNet-b0 CNN models using leaf images of 14 different plants. Arivazhagan and League 
[10] proposed a 7-layer CNN model for disease detection using leaf images of the mango plant. 
The proposed model was found to classify the test data correctly at a rate of 96.67%. 
Priyadharshini et al. [11] performed disease detection using corn leaf images with the modified 
LeNet model and achieved a success rate of 97.89%. Dinata et al. [12] achieved a 63.7% success 
rate with the CNN model they proposed for disease detection using strawberry leaf images. 

In this study, DarkNet-19, GoogleNet, Inception-v3, Resnet-18, and ShuffleNet models, which 
are popular CNN models, have been used for automatic classification of diseases from leaf 
images of potato, cotton, bean, and banana. In addition, pretrained versions of these models 
have also been used in the study. Experiment results show that the performance is significantly 
increased even in a small number of epochs with “Transfer Learning.”  

The rest of the study has been organized as follows. In the Material and Methods section, CNN 
models, the concept of transfer learning, the datasets, and the workflow of the study are 
presented. In the Results and Discussion section, experimental study and results are given in 
detail. In the last section, the obtained results are discussed. 
 
2. MATERIAL AND METHODS 

2.1. Convolutional Neural Networks (CNN) 

CNN is a special type of Neural Networks (NN). It was developed by drawing inspiration from 
the biological model of the visual cortex of animals. CNNs are frequently used in image and 
audio processing due to advantages such as highly accurate identification, automatic feature 
extraction, and learning [13]. CNNs consist of many layers. Its basic layers are the convolution 
layer, pooling layer, and classification layer. In the convolution layer, feature extraction is 
carried out by hovering small filters over the image. The pooling layer is used to reduce the size 
of the features. The final layer of CNN and the layer in which classification is carried out is the 
classification layer [1].  

In this study, DarkNet-19, GoogleNet, Inception-v3, Resnet-18 and, ShuffleNet CNN models 
have been used. The DarkNet-19 model was proposed by Redmon [14]. It consists of 19 layers 
in total and the image input size is 256. The GoogleNet model was proposed by Szegedy et al. 
[15] and the image input size and number of layers are 224 and 22, respectively. In the 
Inception-v3 model proposed by Szegedy et al. [16], the image input size is 299 and it consists 
of 48 layers. The ResNet-18 model with an image input size of 224 and 18 layers was proposed 
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by He et al. [17]. In the ShuffleNet model proposed by Zhang et al. [18], the image input size 
is 224 and it consists of 50 layers.  

In this study, pretrained versions of CNN models created with the Transfer Learning method 
have also been used. In CNN models, the weights in the layers are randomly initialized during 
training. This leads to a longer training period and decreased performance. Transfer Learning 
is a learning approach that examines the use of the information learned during the training phase 
of machine learning systems in different or similar problem solutions [19]. With the Transfer 
Learning method, CNN models are first trained on large databases such as ImageNet. Then, 
pretrained CNN models are created using the weights obtained in this training. Thus, training 
time decreases while performance improves. 

 

2.2. Image Datasets 

In this study, 4 different datasets on potato, cotton, bean, and banana, obtained from Kaggle, 
have been used [20-23]. The potato dataset consists of 3 classes, Early Blight, Healthy, and 
Late Blight, and 2152 images. The cotton dataset consists of a total of 4 classes, bacterial blight, 
curl virus, fusarium wilt, and healthy, as well as 1711 images. The bean dataset consists of 3 
classes, angular leap spot, bean rust, and healthy, as well as 1296 images. The banana dataset 
consists of 4 classes, Cordana, Healthy, Pestalotiopsis, and Sigatoka, as well as 936 images. 
Samples images from both datasets are shown in Figure 1. 

 

 
Figure 1. Sample images from datasets 
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2.3. Methods 

In this study, standard and pretrained versions of DarkNet-19, GoogleNet, Inception-v3, 
Resnet-18, and ShuffleNet CNN models have been used for automatic classification of diseases 
using leaf images of potato, cotton, bean, and banana. In all datasets, %80 and %20 images 
have been used for training and testing processes, respectively. In addition, 10% of the training 
data have been selected for train validation. The workflow diagrams of the study have been 
given in Figure 2 for standard CNN models and in Figure 3 for pre-trained CNN models. In 
standard CNN models, the weights of the layers have been initialized randomly during training. 
On the other hand, In pretrained CNN models,  standard CNN models are first trained on large 
databases such as ImageNet. Then the weights of the layers obtained from the training are 
transferred. 

 

 
Figure 2. Workflow for standard CNN models 

 

 

 

Figure 3. Workflow for pretrained CNN models 
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3. RESULTS AND DISCUSSION 
 

For all CNN models, the max epoch value, the mini-batch size value, and the initial learning 
rate value have been selected as 5, 25, and 0.001, respectively. In addition, all CNN models 
have been run ten times on all datasets, and comparison has been carried according to the mean 
and maximum accuracy values obtained in train validation and testing processes. Additionally, 
mean training accuracy curves, confusion matrices, and ROC curves of each CNN model have 
been presented comparatively. 

Table 1 shows the results obtained from the potato dataset. When the results are examined, it is 
seen that Pretrained-DarkNet-19 had the best performance with 99.59 mean accuracy and 100 
maximum accuracy values for training validation. For the test, Pretrained-ResNet-18 had the 
best results with 99.67 mean accuracy and 100 maximum accuracy. Standard GoogleNet had 
the worst performance for both training validation and testing. In addition, it is easily seen that 
the performance of standard CNN models has increased by up to 7% with the transfer learning 
method. 

Table 1. Results for the Potato dataset 
 

 TRAIN VALIDATION TEST 
 Acc. 

(mean) 
Acc. 

(max) 
Std.Dev. Acc. 

(mean) 
Acc. 

(max) 
Std.Dev. 

DarkNet-19 98.63 99.13 0.48 98.49 99.30 0.55 

GoogleNet 92.65 96.51 3.66 93.14 96.05 2.44 

Inception-v3 95.70 97.38 1.26 95.67 96.98 0.86 

ResNet-18 98.20 99.13 0.65 97.44 97.91 0.49 

ShuffleNet 94.39 96.80 1.25 94.37 96.74 1.45 

Pretrained-DarkNet-19 99.59 100.00 0.46 99.56 100.00 0.43 

Pretrained-GoogleNet 99.01 99.42 0.53 98.81 99.53 0.79 

Pretrained-Inception-v3 99.10 99.42 0.29 99.30 99.77 0.36 

Pretrained-ResNet-18 99.45 100.00 0.29 99.67 100.00 0.22 
Pretrained-ShuffleNet 98.90 99.71 0.49 99.12 99.77 0.46 

  
 

Table 2 shows the results obtained from the cotton dataset. When the results are examined, it is 
seen that Pretrained-GoogleNet had the best results in all values except mean accuracy for the 
test. In addition, it is easily seen that the performance of standard CNN models has increased 
by around 25% with the transfer learning method. 

Table 3 shows the results obtained from the Bean dataset. When the results are examined, it is 
seen that Pretrained-DarkNet-19 had the best performance with 94.54 mean accuracy and 97.1 
maximum accuracy for training validation, and 94.22 mean accuracy and 96.9 maximum 
accuracy for testing. In addition, it is easily seen that the performance of standard CNN models 
has increased by 20% with the transfer learning method. 
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Table 2. Results for the Cotton dataset 
 

 TRAIN VALIDATION TEST 
 Acc. 

(mean) 
Acc. 

(max) 
Std.Dev. Acc. 

(mean) 
Acc. 

(max) 
Std.Dev. 

DarkNet-19 71.46 77.01 3.43 73.56 80.76 4.51 
GoogleNet 66.24 72.99 4.98 65.34 74.93 6.54 

Inception-v3 69.23 74.45 3.01 63.85 77.55 5.82 
ResNet-18 75.69 80.66 3.80 75.10 79.59 4.03 
ShuffleNet 70.11 74.45 3.59 65.25 73.47 5.24 

Pretrained-DarkNet-19 71.28 87.96 12.83 69.59 87.76 10.58 
Pretrained-GoogleNet 92.85 95.62 2.52 91.05 94.17 1.91 

Pretrained-Inception-v3 89.60 91.24 0.99 91.95 93.88 1.49 
Pretrained-ResNet-18 89.89 90.88 0.89 89.42 93.29 2.06 
Pretrained-ShuffleNet 88.21 90.51 1.76 89.10 91.84 1.85 

  
 

Table 3. Results for the Bean dataset 
 

 TRAIN VALIDATION TEST 
 Acc. 

(mean) 
Acc. 

(max) 
Std.Dev. Acc. 

(mean) 
Acc. 

(max) 
Std.Dev. 

DarkNet-19 75.27 77.78 2.71 74.61 79.46 2.33 
GoogleNet 69.66 74.40 3.38 65.08 69.38 2.69 

Inception-v3 71.11 74.40 2.08 68.80 71.71 2.89 
ResNet-18 72.90 78.26 2.93 71.32 76.36 3.78 
ShuffleNet 65.02 69.57 4.37 63.37 67.44 3.93 

Pretrained-DarkNet-19 94.54 97.10 1.55 94.22 96.90 1.84 
Pretrained-GoogleNet 91.01 92.27 2.01 91.36 93.41 1.89 

Pretrained-Inception-v3 91.93 92.75 0.60 93.37 94.19 0.62 
Pretrained-ResNet-18 94.30 96.14 1.01 94.69 96.51 1.14 
Pretrained-ShuffleNet 92.13 94.20 1.64 91.82 94.19 1.28 

 
 

Table 4. Results for the Bean dataset 
 

 TRAIN VALIDATION TEST 
 Acc. 

(mean) 
Acc. 

(max) 
Std.Dev. Acc. 

(mean) 
Acc. 

(max) 
Std. Dev. 

DarkNet-19 89.47 92.67 3.45 87.82 93.09 3.68 
GoogleNet 69.87 81.33 10.19 70.90 81.38 7.97 

Inception-v3 82.80 86.00 3.40 81.65 86.70 4.47 
ResNet-18 87.40 90.67 3.96 85.64 91.49 3.82 
ShuffleNet 76.87 82.67 4.66 75.96 85.11 5.88 

Pretrained-DarkNet-19 92.73 98.00 4.47 89.31 94.15 2.69 
Pretrained-GoogleNet 96.60 98.67 1.06 93.30 95.21 1.65 

Pretrained-Inception-v3 94.33 96.00 1.23 91.38 93.09 1.25 
Pretrained-ResNet-18 94.33 97.33 1.78 90.59 93.09 2.08 
Pretrained-ShuffleNet 92.53 94.67 1.36 89.26 92.55 2.09 
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Table 4 shows the results obtained from the Banana dataset. When the results are examined, it 
is seen that Pretrained-GoogleNet had the best performance. In addition, it is easily seen that 
the performance of standard CNN models has increased by around 10% with the transfer 
learning method. 

Mean training accuracy curves of all models obtained from the Potato, Cotton, Bean, and 
Banana datasets are shown in Figure 4, Figure 5, Figure 6, and Figure 7, respectively. When 
the figures are examined, it is seen that the accuracy values of the pretrained CNN models reach 
high values even in the early iteration. In standard CNN models, it is seen that accuracy values 
do not increase much even in later iterations. 

 

 
Figure 4. Mean training accuracy curves for the Potato dataset 

 
 
 

 
Figure 5. Mean training accuracy curves for the Cotton dataset 
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Figure 6. Mean training accuracy curves for the Bean dataset 

 
 
 

 
Figure 7. Mean training accuracy curves for the Banana dataset 

 
Confusion matrices obtained from the tests of potato, cotton, bean and, banana datasets in all 
CNN models are given in Figures 8, 9, 10, and 11, respectively. A confusion matrix is a table 
that is used to describe the performance of a model by referring to its accuracy rates in each 
class. The rows in the confusion matrix show the predicted class (Output Class) and the columns 
show the true class (Target Class). When the matrixes are examined, it is easily seen that the 
class-based correct prediction rates of the pretrained CNN models are higher than the standard 
CNN models. 
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Figure 8. Confusion matrices of Potato dataset 
 
 
 

 
 

Figure 9. Confusion matrices of Cotton dataset 
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Figure 10. Confusion matrices of Bean dataset 
 
 
 

 
 

Figure 11. Confusion matrices of Banana dataset 
 
The Receiver-Operating Characteristic (ROC) curves obtained from potato, cotton, bean, and 
banana datasets are shown in Figures 12, 13, 14, and 15, respectively. ROC curves show the 
relationship between the false-positive rate (FPR) and the true-positive rate (TPR). It is seen 
that pretrained CNN models have higher true-positive rates in all datasets. 
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Figure 12. ROC Curves for Potato dataset 
 
 

 
Figure 13. ROC Curves for Cotton dataset 
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Figure 14. ROC Curves for Bean dataset 

 
 

 
 

Figure 15. ROC Curves for Banana dataset 
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4. CONCLUSIONS 

Plant diseases lead to decreases in crop productivity, economic losses, and an inability to meet 
the increasing demand. However, early detection of plant diseases plays an important role in 
preventing these losses. Methods based on image processing technology play an important role 
in the detection of plant diseases. In this study, DarkNet-19, GoogleNet, Inception-v3, Resnet-
18 and, ShuffleNet models, which are popular CNN models, have been used for automatic 
classification of diseases from leaf images of potato, banana, cotton, and bean. In addition, 
pretrained versions of these models, the weights of which were previously trained in different 
large databases with the "Transfer Learning" method, have also been used in the study. When 
the experiment results were examined in general, it was seen that the Pretrained-DarkNet-19 
and Pretrained-GoogleNet models had the highest performance. In addition, the experiment 
results revealed that the success rates of standard CNN models increase by 7% to 25% with the 
transfer learning method, even at very low numbers such as 5 epochs. In future studies, features 
can be extracted from plant disease images with CNN and various classification algorithms can 
be used in the classification phase. 
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