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ABSTRACT: In this study, the Generalized Odd Nakagami-G distribution has been empirically investigated using 
Frechet distribution as the baseline distribution. Some mathematical statistics properties viz: quantile function, 
moments, probability-weighted moment, entropies, and order statistics were derived among others. The method of 
maximum likelihood estimation is suitable for the derivation of estimators of the distribution parameters. And the 
Generalized odd Nakagami Frechet  (GONak-Fr) distribution gives the best fit vis-a-vis its competitors via 
application to real life data sets. 
 
Keywords: GONak-G, GONak-Fr, Probability-weighted moment, Entropies, Order statistics. 
 
 
 
1. INTRODUCTION 

 
There have been recent developments focus on generalized odd classes of continuous 
distributions by adding at least one shape parameters to the baseline distribution, has led 
mathematical statistician researcher to make of the new flexible distributions and studying the 
properties of these distributions and using these distributions to model data in many applied 
areas which include engineering, biological studies, environmental sciences and economics. 
Numerous methods for generating new families of distributions have been proposed [1] by 
many researchers.  
The beta-generalized family of distribution was developed, Kumaraswamy generated a family 
of distributions [2], Beta-Nakagami distribution [3], Weibull generalized family of distributions 
[4], Additive Weibull generated distributions [5], Kummer beta generalized family of 
distributions [6], the Exponentiated-G family [7], the Gamma-G (type I) [8], the Gamma-G 
family (type II) [9], the McDonald-G [10], the Log-Gamma-G [11], A new beta generated 
Kumaraswamy Marshall-Olkin-G family of distributions with applications [12], Beta Marshall-
Olkin-G family [13] and Logistic-G family [14]. 
 
In this paper, the so-called generalized odd Nakagami generator and the corresponding family 
of distributions are called generalized odd Nakagami (GONak-G) family of distributions. To 
the best of the researcher's knowledge, it is new in the literature. 
 
 

https://dergipark.org.tr/tr/pub/naturengs
mailto:ibworld@ysu.edu.
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2. CONSTRUCTIONS OF THE GENERALIZED ODD NAKAGAMI DISTRIBUTION 
 
The Generalized Odd Nakagami-G distribution (GONak-G) would be made 
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where , , 0λ β τ >  are three additional parameters, η   is the parameter for baseline G(x) and 

( ) 1, vx v e vσγ σ − −= ∂∫  is the incomplete gamma function. By differentiation, the probability 

density function (pdf) of the GONak-G distribution will be obtained as follows: 
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The survival function hazard rate function (hrf) is given by 
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3. THE GENERALIZED ODD NAKAGAMI- FRECHET (GONak-Fr) 
 
In this section, we study generalized odd Nakagami Frechet (GONakFr) distributions. Consider 
the Frechet distribution with cdf and pdf given by: 
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Then the pdf of the GONak-Fr distribution is given by 
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3.1 Investigation of the Proposed GONak-Fr Distribution 
 
To show that the proposed GONak-Fr distribution is a pdf, we proceed as follows: 
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Hence Generalized Odd Nakagami-Frechet Distribution is pdf. 



Abdullahi and Obalowu, NATURENGS, MTU Journal of Engineering and Natural Sciences 1:2 (2020) 1-16 
 

4 
 

Various forms of shapes are observed, showing the great flexibility of GONak-Fr distribution. 
 

 
 

Figure 1. GONak-Fr density function 
 
 

 
 

Figure 2. GONak-Fr distribution function 
 
 

 
 

Figure 3. GONak-Fr survival function 
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3.2 Shape of the Crucial Functions 
 
The shapes of the pdf of the GONak-G family can be defined analytically. The critical points 
of the GONak-G are given by Eq. (3) are the roots of the resulting equation: 
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3.3 Linear Representation  
 
In this subsection, we provide a very useful linear representation for the GONak-G density 
function. 
We obtain an expansion for density function defined in Eq. (3) as follows: using Taylor 
expansion the GONak-G pdf becomes 
 

( ) ( ) ( )
( ) ( )( )

( ) ( )
( )

22 1

2 1
0

2 1
; , , ,

! 11

iii

i

g x G x G x
f x

i G xG x

λτ τλ

λ ττλ

λ τ λλ β τ η
βλ β

− ∞

+
=

 −  
=   

−  Γ −  
∑  (12) 

 
Using generalized binomial series we obtain 
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therefore, inserting Eq. (13) in Eq. (12) the GONak-G pd f will take the following form 
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this can be written as 
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Eq. (17) is the infinite linear representation of the GONak-G pdf in terms of the exponentiated 
generated distribution. Similarly, the cdf of the GONak-G family can also be expressed as a 
linear combination of exponentiated generated cdf given by 
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4. MATHEMATICAL AND STATISTICAL PROPERTIES 
 
In this section, we provide some mathematical properties of the GONak-G distribution. 
 
4.1. Moments 
 
The rth moment of GONak-G family can be obtained from pdf in Eq. (17) as follows 
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Finally, the mean and variance of the GONak-G family is given by 
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4.2. Moment Generating Function 
 
The moment generating function of GONak-G family can be obtained from Eq. (20) as follows: 
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4.3. Probability Weighted Moments 
 
[15] stated that for a random variable X, the probability weighted moments (pwm) is given by: 
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The PWM of GONak-G is obtained by substituting (2) and (17) into (24) 
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using an expansion of incomplete gamma ratio function leads to 
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using generalized binomial one can obtain 
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substituting Eq. (29) into Eq. (28) leads to 
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r r k
k n l q

q
r k

r k n r k n l
qn l

c G x

λ

λ

λ τ λλ

λ β

η

++ ∞ ∞

+
= = =

    + + − + +   = −         Γ    
∑ ∑∑

 
 

(30) 

 

replacing 
0 0

l

l q

∞

= =
∑ ∑ and 

0l q q

∞ ∞

= =
∑ ∑ one can obtain 

  

( )
( ) ( ) ( )

( )

, 0 0

,

2 1 2
1

;

l qr k

r r k
k n l q q

q
r k

r k n r k n l
qn l

c G x

λ

λ

λ τ λλ

λ β

η

++ ∞ ∞ ∞

+
= = =

    + + − + +   = −         Γ    
∑ ∑∑

 
 

(31) 

 

( ) ( )
0

;r q
q

q
F x G x η

∞

=

= Λ∑  (32) 

 
where, 
 

( )
( ) ( ) ( )

,
, 0

2 1 2
1

l qr k

q r kr r k
k n l q

r k n r k n l
c

qn l

λ

λ

λ τ λλ

λ β

++ ∞ ∞

+
= =

    + + − + +   Λ = −         Γ    
∑ ∑   

 
Finally, the PWM of GONak-G is obtained by 
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( ) ( ), . , 2
, , 0

s r q i j s q i j
i j q

xτ λ τζ ω
∞

+ + +
=

= Λ∑   (33) 

4.4. Entropies 
 
In this subsection, Renyi entropy will be mentioned as an important measure of uncertainty. 
The Rényi entropy of a random variable X is defined mathematically as follows: 
 

( ) ( )
0

1 log
1RI f x xδδ

δ

∞ 
= ∂ 

−  
∫  (34) 

 
By applying the binomial theory and exponential expansion in the pdf (3), then the pdf ( )f xδ  
can be expressed as follows 
 

( ) ( ) ( ) ( )2
,

, 0

p k
p k

p k
f x t g x G xδ τ λδ δ τδ

∞
+ − +

=

= ∑  (35) 

 
where, 
 

( )
( ) ( )

,

2 1 212 .
!

p p
p

p k

p k k
t

p k

δ λδ δ λτ λδ
λ β

+   + + + −−  
=      Γ     

  

 
Therefore, the Rényi entropy of GONak-G family is obtained by using (34) as follows 
 

( ) ( ) ( ) ( )2
,

, 0 0

1 log
1

p k
R p k

p k
I t g x G x xδ τ λδ δ τδ

δ

∞∞
+ − +

=

  = ∂ −   
∑ ∫  (36) 

 
The δ -entropy is defined by 
 

( ) ( )
0

1 log 1
1

H X f x xδ
δ δ

∞  = − ∂ −   
∫  (37) 

 
Therefore, the δ -entropy of GONak-G family is obtained by using (37) as follows 
 

( ) ( ) ( ) ( )2
,

, 0 0

1 log 1
1

p k
p k

p k
H X t g x G x xδ τ λδ δ τ

δ δ

∞∞
+ − +

=

  = − ∂ −   
∑ ∫  (38) 
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4.5. Order Statistics 
 
Let 1 2, , , nx x x  be an independent random sample from a distribution function, F(x), with an 
associated probability density function, f (x). Then, the probability density function of the ith 
order statistics, x(i), is given by: 

( )
( ) ( ) ( ) ( ) ( ) ( ) 1

0

! 1
1 ! !j

n j z jz
X X X

z

n jnf x f x F x
zj n j

−
+ −

=

− 
 = −    − −  

∑  (39) 

 
The pd f of rth order statistic from GONak-G distribution is obtained by substituting equation 
(2) and (3) into (39) 
 

( )
( ) ( ) ( ) ( ) ( ) ( )

( ) ( )( )

( )

( )

( )
( )( )

2
2

*

;
2 1

1 ;
2 1

0

12

2! 1
1 ! ! 1

;
,

1 ;

j

G x
n j

z G x
X

z

z j

n j g x G xnf x e
zj n j G x

G x

G x

τ

τ
ηλλτλ β η

λτλ

τ

τ

λ τ

λ β

ηλγ λ
β η

 
 − −−   − 

+
=

+ −

− 
= −  − −   Γ −

  
    −    

∑
 

 

(40) 

 
We now use the series expansion for the incomplete gamma ratio function and substituting into 
Eq. (40) lead to 
 

( )
( ) ( ) ( )

( )
( ) ( )

( ) ( )
( ) ( )( )

( )

( )

2

2

0 0 0

;
4 1

1 ;
4 1

11!
1 ! ! !

2

1

j

z i s vv n j

X
z s i s v

G x
v

G x
v

n j z j inf x
z i sj n j v v

g x G x
e

G x

τ

τ

λ

ηλλτ
β η

λτ

λ
β λ λ

τ

λ

+ + ++ − ∞ ∞ ∞

= = = =

 
 + − −   − 

+ +

− + −−     
=     − − + Γ     

Γ −

∑∑∑∑
 

 

(41) 

 
4.6. Quantile Function 
 
By considering (2) quantile function (qf) X is obtained as follows: 

( )
( )( )

( ) ( )
( )( )

*

2

2

;
,

1 ;

;
,

1 ;

G x
u

G x

G x
u

G x

τ

τ

τ

τ

ηλγ λ
β η

ηλλ γ λ
β η

  
  =   −    

  
  Γ =   −    
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( )
( )( )

( )( )

1
1
2

1

1
2

1

,
;

1 ,

u
G x

u

τ
λ γ λ λ
β

η
λ γ λ λ
β

−

−

 
  Γ    =  

  
+ Γ     

 (42) 

 
The quantile function of GONak-Fr distribution is given by: 
 

( )( )

( )( )

1
1

1
2

1

1
2

1

,
1 ln

1 ,

v

v

u
x

u

τ
λ γ λ λ
β

ρ λ γ λ λ
β

−

−

−

 
  Γ  −   =  

  
+ Γ     

 (43) 

 
4.6. Estimation of GONak-G Family 
  
This subsection deals with the maximum likelihood estimators of the unknown parameters for 
the GONak-G family of distributions based on complete samples of size n. Let 1 2, , , nX X X  

be observed values from the GONak-G family with a set of parameter ( ), , , .λ β τ η ′Θ =  The 

log-likelihood function for parameter vector ( ), , , .λ β τ η ′Θ =  is obtained from equation (3) as 
follows 
 

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

0
2

0 0 0

ln 2 ln ln ln ln ln ; 2 1

ln ; 2 1 ln 1 ; ;

n

i

n n n

i i i

n n n n n g x

G x G x W xτ

λ λ τ λ λ β η λ

λη λ η η
β

=

= = =

Θ = + − − Γ − + + −

   − + − −   

∑

∑ ∑ ∑



 (44) 

 

where ( ) ( )
( )
;

;
1 ;

G x
W x

G x

τ

τ

η
η

η
=

−
 

 
The components of the score function ( ) ( ), , ,U U U U Uλ β τ ηΘ = are given by 
 



Abdullahi and Obalowu, NATURENGS, MTU Journal of Engineering and Natural Sciences 1:2 (2020) 1-16 
 

12 
 

( ) ( ) ( )

( )

0 0
2

0

ln ln 2 ln ; 2 ln 1 ;

;

n n

i i

n

i

U n n n n G x G x

W x

τ
λ λ λ β τ η η

η

β

= =

=

 = − − Ψ − + − − 

  
−

∑ ∑

∑
 (45) 

 

( ) 2

0
2

;
0

n

i
G x

nUβ

λ η
λ
β β

=

  
= − + =

∑
 

(46) 

 

( )
( ) ( ) ( )

( )
( ) ( )

( )
0

2
0 0

2 1 ; ln ; ; ln ;
2 ln ; 0

1 ; 1 ;

n

n n
i

i i

G x G x G x G xuU G x
G x G x

τ
τ

τ τ τ

λ η η η ηλλ η
τ βη η

=

= =

+
= + + − =

   − −   

∑
∑ ∑  (47) 

 

( ) ( ) ( ) ( ) ( )
( )

( )
( )

1

0 0 0

1

2
0

;
2 1 2 1

; ; 1 ;

;
0

1 ;

n n n

i i i

n

i

G G xg GU
g x G x G x

G G x

G x

τηη η

η τ

τη

τ

η τ
λ λ

η η η

η τλ
β η

−

= = =

−

=

= + − + +
−

− =
 − 

∑ ∑ ∑

∑
 (48) 

 

where ( );g x
gη η

η
∂

=
∂

and ( );G x
Gη η

η
∂

=
∂

. 

Setting , , ,U U U Uλ β τ η  equate to zero and solving the equations simultaneously result in the 

ML estimates ( )ˆ ˆˆ ˆˆ, , ,λ β τ ηΘ = . These estimates cannot be solved algebraically and statistical 

software can be used to solve them numerically via iterative technique. 
 
 
5. RESULTS AND DISCUSSION 
 
In this section, the fitting of GONakG and some generated families of distribution. We present 
two applications to real life data set to illustrate the potentiality of the GONak-G family of 
distribution. To compare its performance, we consider Generalize Odd Nakagami Frechet 
(GONakFr) to other generated models. The Akaike information criterion (AIC), Consistent 
Akaikes Information Criterion (CAIC), Bayesian information criterion (BIC), Anderson-
Darling (A), Kolmogorov Smirnov test (K.S), and the P-Value of K.S test, have been chosen 
for the comparison of the models. 
The first data set which contains 76 observation and is recently used by [16], [17], and [18] it 
represents the life of fatigue fracture of Kevlar 373/epoxy subjected to constant pressure at 90 
percent stress level until all had failed. The data is as follows: 0.0251, 0.0886, 0.0891, 0.2501, 
0.3113, 0.3451, 0.4763, 0.5650, 0.5671, 0.6566, 0.6748,0.6751, 0.6753, 0.7696, 0.8375, 
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0.8391, 0.8425, 0.8645, 0.8851, 0.9113, 0.9120, 0.9836, 1.0483, 1.0596, 1.0773, 1.1733, 
1.2570, 1.2766, 1.2985, 1.3211, 1.3503, 1.3551, 1.4595, 1.4880, 1.5728, 1.5733, 1.7083, 
1.7263, 1.7460, 1.7630, 1.7746, 1.8275, 1.8375, 1.8503, 1.8808, 1.8878, 1.8881, 1.9316, 
1.9558, 2.0048, 2.0408, 2.0903, 2.1093, 2.1330, 2.2100, 2.2460, 2.2878, 2.3203, 2.3470, 
2.3513, 2.4951, 2.5260, 2.9911, 3.0256, 3.2678, 3.4045, 3.4846, 3.7433, 3.7455, 3.9143, 
4.8073, 5.4005, 5.4435, 5.5295, 6.5541, 9.0960. 
 
The second set which contains 30 observation and is recently used by [19] and [20] it represents 
successive values of March precipitation (in inches) in Minneapolis/St Paul. The data are as 
follows: 0.77, 1.74, 0.81, 1.20, 1.95, 1.20, 0.47, 1.43, 3.37, 2.20, 3.00, 3.09, 1.51, 2.10, 0.52, 
1.62, 1.31, 0.32, 0.59, 0.81, 2.81, 1.87, 1.18, 1.35, 4.75, 2.48, 0.96, 1.89, 0.90, 2.05. 
 
Tables 1 and 2 display a summary of the MLEs and values of goodness-of-fit measures for the 
GONak-Fr model and other different models, respectively. As you see, the GONak-Fr is 
selected as the best model with all the criteria among all the fitted models. 
 

Table 1. MLEs and Goodness-of-fit measures for the first data set   
 

Models MLE −  AIC CAIC BIC A K.S P Value 

GONakFr 

0.8940793 
0.2295717 
1.8947034 
0.5202491 
0.3507287 

119.7429 249.4857 250.34281 261.1394 1.739569 0.49246 2.22e-16 

EWW 

1.8638979 
1.5739533 
0.7065971 
0.3125043  
0.9306594    

124.915 259.83 260.6872 271.4837 1.092538 0.14126 0.08724 

OGGFr 

1.6021457 
1.5297831 
0.5340209 
0.4477832 

125.614 259.228 259.7914 268.5509 1.183529 0.093698 0.488 

OGGW 

1.2061588 
1.3700706 
0.5225529 
0.6039366 

124.733 257.466 258.0294 266.7889 1.115889 0.13597 0.1095 
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Table 2. MLEs and Goodness-of-fit measures for the second data set   
 

Models MLE −  AIC CAIC BIC A K.S P Value 

GONakFr 

0.3309079 
0.8366780 
1.9417631 
0.7704069 
1.1089862 

34.56199 79.12398 81.62398 86.12997 0.6313438 0.22 0.1096 

EWW 

1.5264454 
0.6836198 
1.3895067  
0.6091976 
0.6701214 

39.20578 88.41156 90.91156 95.41754 0.2347084 0.10255 0.9106 

OGGFr 

1.6076918 
0.8512776 
1.3064885 
0.8217882 

37.89086 83.78171 85.38171 89.3865 0.1032816 0.060615 0.9999 

OGGW 

0.5533399 
1.7371373 
1.3685022 
0.9848482 

37.98979 83.97959 85.57959 89.58438 0.1259235 0.089259 0.9706 

  
 
  

 
 

Figure 4. Histogram and estimated pdf for the life of fatigue fracture 
 

 
6. CONCLUSIONS 
 
In this article, we proposed a new Generalized Odd Nakagami (GONak-G) family of 
distributions, with a special focus on the Frechet distribution as parent distribution. The 
distribution is named Generalized Odd Nakagami Frechet distribution. The pdf, cdf, survival 
and hazard function was derived. Additionally, some of the mathematical properties of the new 
class including quantile, moments, probability weighted moment, order statistics and entropies 
were also derived. The model parameters were estimated using the maximum likelihood 
estimation method. Finally, two applications on real life data set are presented to illustrate the 
potentiality of the proposed model. The new distribution was found to provide a better fit than 
its competitors. 
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ABSTRACT: It has become a necessity in Highway Engineering, due to today's heavy vehicle traffic loads, that 

subgrade with poor bearing capacity on which the road will rest be improved with various methods and additives. 

In this study, it has been aimed to improve clay soil with poor bearing strength with the contribution of waste blast 

furnace slag (BFS) and to investigate its effect on the thickness and cost of flexible road pavement. This study 

aims to improve clay soil with poor bearing strength with the contribution of waste BFS. Moreover, it tries to 

investigate the effects of BFS on the thickness and cost of flexible road pavement. For this purpose, in the study, 

stabilized mixture samples were prepared by adding 5, 10, 15, 20% by weight of BFS to the clay soil. After these 

prepared samples have been mixed homogeneously, standard proctor, unconfined compression and California 

Bearing Ratio (CBR) tests were applied to the samples. As a result of experimental studies, it was observed that 

the increase in BFS resulted in a decrease in the maximum dry density of the samples and an increase in the 

optimum moisture content. Also, the highest unconfined compression strength was obtained from 20% of BFS 

added samples. CBR values of the samples tested at this rate increased by 8.71 times compared to pure clay soil. 

Using these experimental data, the flexible road pavement layer thicknesses to be constructed with the AASHTO 

1993 method on the BFS added ground were calculated, and pavement cost analyzes were made considering 

current prices. As a result of the calculations, the design calculation was made according to the layer thicknesses 

determined for both soils. it was determined that adding 20% BFS to the soil decreased the road pavement layer 

thickness by 29.41% compared to the pure clay soil. The cost calculation results show that compared to the pure 

clay soil, there is about a 5.65% decrease in the pavement cost for clayey soils with 20% BFS. According to these 

results, when the subgrade of a 1000 m in length and 20 m in width road is improved with 20% BFS, 8.400,00 TL 

saving will be provided in the cost of flexible pavement.  

 

Keywords: Clay soil, Blast furnace slag, Stabilization, Flexible pavement, AASHTO method. 

 

 

1. INTRODUCTION 

 

Nowadays, the problems encountered in the disposal of the wastes arising as a result of 

developing industry and technology, increasing population, and growing cities have reached 

day by day unignorable levels. For this reason, the disposal of industrial and industrial wastes 

has become very important. For this purpose, the use of various waste materials has become 

quite common in different civil engineering applications such as ground stabilization and filling 

formation [1, 2]. Ground stabilization is generally the process to improve the strength of the 

soils by adding various additives to the soils with poor bearing capacity. 

 

https://dergipark.org.tr/tr/pub/naturengs
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Ground stabilization is generally the process to improve the strength of the grounds by adding 

various additives to the subgrade with poor bearing capacity. For this purpose, lime, blast 

furnace slag, fly ash, cement, etc. are used to remove the negative properties of the ground. It 

is tried to increase the strength of the grounds by adding chemical additives [3]. It has been 

observed that the properties of the soils can be improved in their properties such as volumetric 

stability, strength, permeability, compressibility, durability by using these additives.  

 

Furthermore, the cost efficiency and easy availability of these additives have made them 

preferable for their use in the improvement or stabilization of the ground [4-6]. 

 

Clay soils with poor bearing capacity, high shrinkage, swelling, permeability and liquefaction 

potential, low shear strength, which are undesirable to be found in road construction work, are 

generally called weak grounds. Therefore, in road construction works encountered with this 

type of ground, soils with high bearing capacity and no swelling potential (better geotechnical 

properties) are obtained by using additives [7]. 

 

In this study, the effect of waste BFS on the strength of a clay road subgrade with poor bearing 

capacity was investigated and, this situation was evaluated in terms of road flexible road 

pavement cost in the light of the findings obtained as a result of experimental research. 

 

Emerging as a byproduct during iron and steel production, BFS is used in various engineering 

applications such as road pavements and filling material in road engineering. The structure of 

BFS consists of 95% elements such as silica, calcium, aluminum, magnesium and oxygen [7-

10]. It is thought that using BFS, which is obtained as a byproduct with these features, to 

increase the strength of weak soils will be beneficial both in terms of bearing capacity of the 

soil, waste disposal and economic gain [10]. 

 

In many countries, positive results have been obtained in soil improvement studies carried out 

using BFS. Studies have shown that BFS is not affected by groundwater and is suitable for use 

in the land and that BFS can be used as an additive in road stabilization [11, 12]. 

 

Sivrikaya et al. [13] have investigated the usability of BFS to increase the strength of clay soils. 

For this purpose, 5%, 10, 20, 30 and 50% of BFS were added to two different clay soils, and 

the properties of the samples were examined. It was determined for both pure clay soils that as 

the BFS ratio increased, the bulk density also increased. Similarly, while the plastic limit (PL) 

values of clay soils increased, liquid limit (LL) values decreased. When these results were 

evaluated, it was found that the plasticity indexes (PI) of the clays decreased in the range of 92-

180%. The decrease in PI values with BFS contribution has resulted in reduced sensitivity of 

clay soils to water. 

 

Bilgen et al. [14] have investigated the usability of BFS and lime in improving the strength of 

clayey soils. Within the scope of the study, mixed samples have been prepared between 0% and 

7.5% for BFS and 0% and 5% for lime, and the properties of these samples have been 

determined. According to the results of the experiment, it has been determined that BFS has no 

effect on plasticity alone, but plasticity has decreased from 28 to 9 in 5% lime and 3.33% BFS 

mixture. BFS did not cause a significant change in the optimum moisture content when used 

alone or in combination with lime. When BFS is used alone, it increases the unconfined 

compressive strength by approximately two times, and when the mixture of 5% lime and 3.33% 

BFS is used together, the unconfined compressive strength increases 11 times. 
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Cokca et al. [15] investigated the effects of the BFS and BFS-cement mixture on the strength 

of the soils with swelling properties. Within the scope of the study, a 5% to 25% BFS and BFS-

cement mixture has been added to the soil samples. The effects of these additives on grain size 

distribution, Atterberg limits, rate of swelling have been investigated. As a result of the 

experimental studies, it was determined that as the amount of additive increased, the plasticity 

index (PI) and swelling percentage of the soils decreased, while its specific gravity increased.  

As a result of the study, it was concluded that a 15% BFS - 5% cement mixture is the most 

optimum option considering both environmental effects and swelling percentage. 

 

Bilici et al. [16] The ground was mixed in different proportions with the waste material, BFS 

and fly ash (FA). In the series with additives, lime is kept constant at 3% in order to ensure the 

pozzolanic reaction, in the first stage 3%, 6%, 9%, 12%, 15% FA and in the second stage 3%, 

6%, 9%, 12% BFS additive series Uncured (early period), 7 days and 28 days unconfined 

compression tests were applied to the prepared samples. In this context, by reducing the soil 

sample in work with additives, lime, FA and BFS were added as much as it was reduced, thus 

keeping the dry mass of the total mixture constant. It has been determined that the highest 

strength occurs at 3% lime + 12% FA and 3% lime + 9% BFS additives. 

 

Geçkil et al. [17] The effect of adding lime to clay soil on strength was investigated. For the 

study, lime, which is used as an additive, was added to the clay soil in different percentages by 

weight. In the prepared mixtures, lime was added in 2.5%, 5%, 7.5%, 10%, 15% and 20% of 

the weight of clay. The samples prepared in different proportions were homogeneously mixed, 

and then compaction, unconfined compression and CBR tests were performed. As a result of 

experimental studies, as the lime content in the mixture increased, the plasticity index and 

maximum dry density decreased while the optimum moisture content increased. In addition, 

the highest unconfined compressive strength value of the samples cured for 7 and 28 days was 

obtained at the rate of 5% lime. For this additive ratio, the CBR values of the samples cured at 

the same time were 1.37 and 2.08 times higher than the additive-pure clay soil, respectively. 

 

In this study, unlike other studies conducted in the literature [16, 17], the effect of a clayey road 

subgrade with improved bearing capacity with BFS on flexible road pavement layer thicknesses 

and costs have been investigated. For this purpose, compression, unconfined compression, CBR 

tests were carried out on soil samples with increased strength, and with the help of the AASHTO 

1993 design method, flexible pavement layer thicknesses have been determined on the soil with 

pure clay and BFS, and their current costs have been calculated. In a study in the literature [18] 

a clay soil stabilized with BFS, the samples prepared by adding 5, 10, 15, 20% BFS to the clay 

soil by weight, Standard Proctor, unconfined compression and CBR tests. As a result of the 

experiment, it was determined that the highest strength was obtained from mixtures containing 

20% BFS. In the design calculations made according to the layer thicknesses determined for 

both ground with the AASHTO 1993 method, it was determined that adding 20% BFS to the 

ground reduced the thickness of the road pavement layer by 26.67% compared to the pure clay 

soil. In this study, it was determined that the highest strength was obtained with 20% BFS as a 

result of 7 days of curing under the same test conditions, but the thickness of the road pavement 

layer was decreased by 29.41%.   

 

2. MATERIAL AND EXPERIMENTAL STUDIES 

 

Within the scope of experimental studies, clay material was used as a road subgrade provided 

from the Malatya Kiltepe region. The engineering properties of the clay material are determined 

according to the TS 1900-1 standard and are shown in Table 1. 
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Table 1. Physical properties of clay soil 

 

Parameter Unit Value 

Density of particles (γs) g/cm3 2.680 

Maximum dry density (gkmax) g/cm3 1.450 

Optimum moisture content (wopt) % 27 

Liquid limit (LL) % 61 

Plastic limit (PL) % 29 

Plasticity index (PI) - 32 

Unified soil classification system (USCS) - CH 

AASHTO classification system  A-7-6 

 

 

By the Highways Technical Specifications (HTS) data, stabilization-improvement is envisaged 

for the soils classified as A5, A6, A7, A-2-6, A-2-7 in AASHTO classification system [19]. 

While the class of soil provided in the study is determined as high plasticity clay (CH) according 

to the unified soil classification system (USCS) data, it is determined as A-7-6 (poorest soil) 

according to AASHTO classification system data. Besides, since clay soil is PI 32 ≥10, the 

strength of clay soil with a poor bearing capacity was increased by stabilization following HTS. 

 

BFS having a specific weight of 2.750 g/cm3 and used to improve the strength of the clay soil 

was provided from Karçimsa cement factory in Karabük province, and its chemical properties 

are shown in Table 2. 
 

Table 2. Chemical properties of blast furnace slag (BFS) 

 

Chemical 

Component 
SiO2 Al2O3 Fe2O3 CaO MgO SO3 S Na2O K2O TiO2 Mn2O3 Cl 

Content by 

Weight (%) 
32.47 9.94 1.25 32.45 9.31 0.82 0.33 0.31 0.85 1.16 3.51 0.015 

 

Within the scope of the study, before the clay-BFS mixture samples have been prepared, both 

materials have been dried in an oven of 105 ± 5 °C for 24 hours. Then, taking into consideration 

the previous studies [12-14] in the literature, clay stabilized mixtures have been prepared by 

adding 5, 10, 15 and 20% BFS by weight. 

 

In the whole study, pure clay and stabilized mixtures have been named clay, 5% BFS, 10% 

BFS, 15% BFS and 20% BFS respectively. 

 

In the study, three samples of pure clay and stabilized mixture samples were prepared, and the 

Standard Proctor experiment has been carried out on the samples following TS 1900-1. While 

stabilized samples have been tested for optimum moisture content ratio determination, Sodium 
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Hydroxide (NaOH) solution instead of water has been added [20] to increase the pozzolanic 

reactivity of the BFS and provide good adherence with the soil. 

 

As a result of the compression studies, the dry density-moisture content graphs obtained as a 

result of the standard proctor experiments of the samples are shown in Figure 1. 

 
 

Figure 1. Dry density (gk) – moisture content (%) graphic of samples 

 

When Figure 1 is taken into consideration, it is observed that there is a decrease in the maximum 

dry densities of the samples and an increase in the optimum moisture content in proportion to 

the rise in the amount of BFS. It is thought that the increase in moisture content and the decrease 

in dry density are due to the high water absorption potential of BFS and its fine grain [20]. 

 

The unconfined compression test is an experiment that is generally used to determine the slip 

resistance in water-saturated normal consolidated clayey soils, and the soil resistance can be 

calculated from the Mohr circle obtained as a result of the test. In the experiment, cylindrical 

cohesion soil samples, preferably 38 mm in diameter and 76 mm in length, are used. This 

experiment is carried out in two ways: stress-controlled and deformation-controlled, but the one 

with unit length shortening control is commonly preferred. Since the experiment may cause 

changes in the moisture content of the sample during the experiment, it should be completed 

within 5-10 minutes, and the unit height shortening should be 0.5/min-2%/min. The experiment 

can be completed when the load carried by the sample starts to decrease or after the length 

shortening reaches 20%. In this experiment, the greatest value of axial stress gives the 

unconfined compressive strength (qu). The undrained shear strength is obtained by τ = cu = qu / 

2 relation [21]. 

 

Within the scope of the experimental studies, mixture samples were prepared to subject them 

to unconfined compression and CBR tests, taking into account the optimum moisture content 

found as a result of the Standard Proctor experiment. First, all prepared samples were subjected 

to a 7-day curing period and were subjected to an unconfined compression experiment at the 

end of this period. Stress-Strain graphics obtained by mixed pure samples as a result of the 7-

day curing period are given in Figure 2.  
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Figure 2. Unconfined compression test results of pure and BFS additive samples 

 

As seen in Figure 2, it was determined that the maximum unconfined compression resistance 

among the prepared mixtures belongs to clay samples with 20% BFS additive. At the end of the 

7-day curing period, a significant increase in unconfined compression resistance of the 

stabilized clay has been observed with a 20% BFS additive. This situation is considered to be 

caused by the BFS being a pozzolanic material and the late strength of the pozzolanic materials. 

However, considering the previous studies using BFS, it is seen that the rates giving maximum 

strength differ from each other [12-14]. As a result of the researches, it is considered that this 

difference is probably due to the structural differences of the clays and BFS used and the type 

and amount of the solutions used to increase the pozzolanic reaction, as stated in a similar study 

by Arulrajah [20]. Also, Bilici et al. [16] prepared mixture samples using different amounts of 

waste BFS and FA in their study. Samples of 3%, 6%, 9%, 12%, 15% FA in the first stage and 

3%, 6%, 9%, 12% BFS samples in the second stage were tested for 7 days 28 days unconfined 

compression test. They found that the highest strength occurred in samples with 3% lime + 12% 

FA and 3% lime + 9% BFS. They evaluated the reason for this situation because BFS has higher 

pozzolanic property. 

 

However, considering the previous studies using BFS, it is seen that the rates giving maximum 

strength may differ from each other [12-14]. As a result of the examinations made, it has been 

observed that this difference may result from structural differences of the clays and BFS used 

and the type and amount of the solutions used to increase the pozzolanic reaction. 

 

Pure and stabilized mixture samples have been subjected to CBR test after the most effective 

additive rate was obtained as 20% as a result of the unconfined compression tests. For this 

purpose, mixture samples containing pure clay and 20% BFS have been prepared and, these 

samples were subjected to a curing period of 7 days. In the study, two samples were prepared 

for each experiment in parallel with the studies in the literature [13, 14]. CBR test results of 

pure clay and 20% BFS added mixture samples are shown in Table 3. 
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Table 3. CBR values of pure clay and 20% BFS added mixture samples 

 

Sample 
Curing 

Period 
CBR (2.5 mm), (%) CBR (5 mm), (%) 

Pure clay 
 

 

7 days 

31.2 25.6 

Pure clay+%20 BFS 179.7 222.9 

 

As shown in Table 3, CBR values of 2.5 and 5 mm displacements of the Pure Clay subjected 

to a 7-day curing period were determined as 31.2% and 25.6%, respectively, and CBR values 

of 20% BFS-added clay soils corresponding to the same displacements were determined as 

179.7% and 222.9% respectively as a result of experiments. Accordingly, CBR values of 

samples containing 20% BFS compared to pure clay soil increased by 5.76 and 8.71 times, 

respectively. These results show that BFS has a very positive effect on the clay soil's resistance 

to swelling deformations. In a study conducted in the literature [22] The change in swelling 

pressure and swelling percentages was investigated by adding slaked lime in different 

proportions (1%, 3%, 5%, 7%, 9%) by weight to "CH" clays, which may pose a risk for light 

structures and have high swelling potential. For all experimental samples, it was determined 

that as the lime additive ratio by weight increased, the CBR values increased and when it was 

5%, the swelling percentage and swelling pressure decreased on average 91%, respectively.  

  

3. RESULTS AND DISCUSSION 

 

3.1. Analytical Investigation of Bearing Capacity in Flexible Pavement by AASHTO 

Method 

 

Highway pavements are generally designed in two ways: flexible and rigid road pavements. 

Flexible road pavements where asphalt cement is used as binder material by and large consists 

of asphalt concrete coating, foundation and subbase layers. Pavements consisting of a coating 

layer constructed using portland cement are called rigid road pavements and these structures 

are conventionally composed of foundation and concrete slab coating [25]. A typical flexible 

road pavement section is given in Figure 3 below. 
 

 

 
 

Figure 3. A typical flexible pavement section view [23] 

 

In highway flexible pavement design, the aim is to determine the thickness of the pavement 

layers that can safely carry the traffic that will recur during the design life of the projected road 



Geçkil et al., NATURENGS, MTU Journal of Engineering and Natural Sciences 1:2 (2020) 17-31 

 

24 

 

and to determine the properties of the materials that will form the pavement layers. In this 

context, the empirical equation given in Equation 1 is used in the calculation of AASHTO 1993 

pavement layer thicknesses. Using this equation, the Number of Pavement (SN) value is 

calculated for flexible pavement design [24]. 

 

LogT8,2=ZR×S0+9,36×log10(SN+1)-0,20+ log(ΔPSI/(4,2-1,5))              

                        0,40+[1094/(SN+1)5,19]  

+2,32×Log10(MR)-8,07                                   (1)       

                         

In this place; 

T8.2: The number of standard axles (8.2 tons) that will repeat during service life 

MR: Subgrade resilient modulus, psi (6.8950×103 Pa) 

S0: Total standard deviation 

ZR: Standard normal deviate 

SN: Structural number (inches) 

P0: İnitial design serviceability index 

Pt: Design terminal serviceability index 

ΔPSI: Difference between the initial design serviceability index, Po, and the design terminal 

serviceability index, Pt (P0-Pt) 

 

After the SN value is calculated with Equation 1, the required, flexible pavement layer 

thicknesses are calculated with Equation 2, considering the layer coefficients given in Table 4 

[23]. 

 

SN = a1 × D1 + a2 × D2 × M2 + a3 × D3 × M3 ………… .ai × Di                    (2) 

 

In this equation; a1, a2, a3 respectively are the structural layer coefficients of the coating, base 

and subbase layers, D1, D2, D3 are layer thicknesses of coating, base, subbase, M2, M3 are the 

drainage coefficients of base and subbase layers. 

 

In this study, the drainage coefficients are considered as 1.00 in the calculation of flexible road 

pavement layer thicknesses. 

 
Table 4. AASHTO layer coefficients [24] 

 

Layer type Marshall Stability (kg) CBR (%) 
Relative Strength 

Coefficient (a) 

Surface course 

Wearing course  ≥900  - 0.42 

Binder course ≥750 - 0.40 

Bituminous base course ≥600 - 0.36 

Base course 

Granular base - ≥100 0.14 

Plant mix base  - ≥120 0.15 

Subbase  

Sand-gravel subbase - ≥30 0.11 

Crushed-stone subbase - ≥50 0.13 
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After determining the flexible pavement layer thicknesses, SN* values given in Figure 4 were 

calculated, and the control of the layer thicknesses has been made. 

 
 

Figure 4. Pavement numbers in flexible pavement 

 

SN1: SN required on the base layer 

SN2: SN required on subbase layer 

SN3: Required SN on base soil 

*: It shows the current values according to the material used. 

 

In the study, to determine the effects of BFS on the flexible road pavement, flexible pavement 

design was made with the AASHTO 1993 method, taking into account the optimum strength 

and 7-day curing time. 

 

3.2. Analytical Investigation of Base Soil Bearing Capacity of Pure and 20% BFS Additive 

Clay Soil in Flexible Pavement with AASHTO Method 

 

In the 20-year project life, roads with an equivalent standard axle load repetition number of 

more than 60-75x106 were recommended to be made rigid. It is foreseen that the roads with an 

equivalent standard axle load repetition number lower than this value will be made flexible road 

pavement [25]. 

 

For flexible pavement design, CBR values of 20% BFS added clay soil at the end of the 7-day 

curing period have been taken as a basis. Calculations were made using the CBR values 

of %31.2 ve %222.9 which have been obtained from pure and 20% BFS added clay soils, 

respectively. 

 

For this, first of all, it is necessary to calculate the modulus of elasticity (MR) of the soil of the 

road whose pavement will be designed with the AASHTO method. 

 

MR=1500×CBR connection is available between the MR and CBR values of the soil, and if the 

CBR value of the soil is known, the MR value can be approximately calculated [26]. 

 

Accordingly, MR values for pure and 20% BFS added clay soil were determined as 46.800 psi 

(322674641,32 Pa) for clay soil and 334.350 psi (2305262101 Pa) for 20% BFS added clay 

soil, respectively. Using the data in Table 5, the SN3 (SN) required on the base for pure and 

20% BFS added clay soils were calculated with the help of Equation 1 as 6.16 inches (15.65 

cm) and 3.11 inches (7.90 cm), respectively.  
 

Surface course

Base course

Subbase

Base

SN3

SN2

SN1 SN1
*  , D1

*

SN2
*  , D2

*

D3
*
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Table 5. Parameters used in flexible pavement design [25] 

 

Parameter Selected Values 

Equivalent standard axle load repetition number, T8,2 50.000.000 

Standard normal deviate, ZR (State road R=%85)  -1.037 

The first serviceability of the road, P0 4.20 

The last serviceability of the road, Pt  (For motorways, state roads 2.5)

  
2.50 

Service capability index, ΔPSI 1.70 

Total standard deviation, S0 0.45 

 

3.3. Determination of Flexible Pavement Layer Thicknesses for Pure and 20% BFS 

Additive Soil and Control of These Thicknesses 

 

With Equation 1, the SN3 values for pure clay ground are calculated as 6.16 inches (15.65 cm) 

and 3.11 inches (7.90 cm) for the 20% BFS-added soil. The selected flexible road pavement 

layer thicknesses are given in Table 6, and layer thicknesses selected for 20% BFS added soil 

are shown in Table 7. 

 
Table 6. Recommended layer thicknesses for pure clay soil 

 

Layer Name 
Recommended 

Thickness (Di), (cm) 
Layer Coefficient (ai ) 

Wearing Course 5 0.42 

Binder Course 10 0.40 

Bituminous Base Course 11 0.36 

Plant Mix Base 25 0.15 

Crushed-Stone Subbase 15 0.13 

 
 

Table 7. Recommended layer thickness for soil with 20% BFS additive 

 

Layer Name 
Recommended 

Thickness (Di), (cm) 
Layer Coefficient (ai ) 

Wearing Course 5 0.42 

Binder Course 10 0.40 

Bituminous Base Course 11 0.36 

Plant Mix Base 25 0.15 

Crushed-Stone Subbase - - 

 

Total pavement layer thicknesses determined for pure and 20% BFS added clay soil was 

determined as 66 cm and 51 cm, respectively. For clayey soils containing 20% BFS, it was 

determined that the layer thickness decreased by 29.41% compared to the pure soil. 

 

https://tureng.com/tr/turkce-ingilizce/crushed-stone%20concrete
https://tureng.com/tr/turkce-ingilizce/crushed-stone%20concrete
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To control the selected layer thicknesses, the plant mix base is selected from Table 4 as CBR = 

120, and the crushed stone subbase is CBR = 50 and the plant mix base is calculated as MR = 

180.000 psi and the crushed stone subbase is calculated as MR = 75.000 psi. After calculating 

the MR value, the required SN values on these layers were calculated as SN1 = 3.93 inches (9.98 

cm) for the plant mix base with the help of Equation 1 and SN2 = 5.32 inches (13.51 cm) for 

the crushed stone subbase.  

 

Flexible road pavement layer thickness control calculated for pure clay soil is given in Table 8, 

and 20% BFS is added to soil in Table 9. 

 

In the calculations in Table 8 and Table 9, the relative strength coefficients of wearing, binder, 

bituminous base course, base and subbase layers, D1, D2, D3, D4, D5 show wearing, binder, 

bituminous base course, base and subbase layer thicknesses. 

 
Table 8. Control of flexible pavement layer thicknesses for pure clay soil 

 

D1 

(cm) 
a1 

D2 

(cm) 
a2 

D3 

(cm) 
a3 

D4 

(cm) 
A4 

D5 

(cm) 
A5 

SN* 

= ai×Di 
Definitions 

5 0.42 10 0.40 11 0.36 - - - - 
SN1

* 

=10.06 

For plentmix 

crushed stone 

base SN1
*>SN1 

(10.06>9.98) 

appropriate. 

D4
*=(SN2-SN1

*)/a4 = (13.51-10.06)/0.15=23 cm, Selected D4=25 cm 

SN2
*=25×0.15=3.75 

SN1
*+ SN2

*=10.06+3.75=13.81≥13.51 (SN2) 

For pure clay soil; D5*≥(SN3-(SN1*+SN2*))/a5 

D5*≥(15.65-(10.06+3.75))/0.13 

D5*≥14.15 selected D5=15 cm 

(SN1
*+ SN2

*)+(15×0.13)=13.81+1.95=15.76≥15.65 

 
 

Table 9. Flexible pavement layer thickness control for 20% BFS additive soil 

 

D1 

(cm) 
a1 

D2 

(cm) 
a2 

D3 

(cm) 
a3 

D4 

(cm) 
A4 

D5 

(cm) 
A5 

SN* 

= ai×Di 
Definitions 

5 0.42 10 0.40 11 0.36 - - - - 
SN1

* 

=10.06 

For plentmix 

crushed stone 

base SN1
*>SN1 

(10.06>9.98) 

D4
*=(SN2-SN1

*)/a4 = (13.51-10.06)/0.15=23 cm, Selected D4=25 cm 

SN2
*=25×0.15=3.75 

SN1
*+ SN2

*=10.06+3.75=13.81≥13.51 (SN2) 

20% BFS added soil for clay soil; D5*≥(SN3-(SN1*+SN2*))/a5 

D5*≥0, D5=0 (subbase will not be made) 

(SN1
*+ SN2

*)+(0×0.13)=13.81+0=13.81≥7.90 (SN3) 
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3.4. Economic Analysis for Pure and 20% BFS Added Clay Soils 

 

In the study, the impact of BFS-improved clay soil on highway flexible pavement costs was 

evaluated based on the data of the General Directorate of Highways (GDH). 

 

In unit price charts published by GDH, unit weight (ton) and unit volume (m3) costs for subbase 

and base layers; Unit area (m2) costs have been published for the bituminous base course, binder 

and wear layers. In the study, the 2019 GDH unit price item number was used for the economic 

analysis of highway pavements. In this context, the unit costs to be used within the scope of 

analysis for pure clay soil are given in Table 10 [27]. 

 
Table 10. Unit costs for pure clay soil according to layer types 

 

Item Number Definition and Unit 
Unit Price 

(TL) 

Cost of m2/cm 

(TL) 

GDH/6405/S-M 
Making 1 m2 asphalt concrete wear layer in 5 cm 

compacted thickness, (m2) 

 

13.06 

 

2.61 

GDH/6320 

Making asphalt concrete binder layer (with crushed 

and screened quarry stone), (ton) Note: Coating 

density 2.40 g/cm3 

 

83.78 

 

2.02 

GDH/6211-A 
Making 1 m2 asphalt concrete Bituminous base course 

layer in 11 cm compacted thickness, (m2) 

 

20.11 

 

1.83 

GDH/6100/3 
Making plant mix base (with broken and sieved quarry 

stone), (ton) Note: Coating density 2.40 g/cm3 

 

40.49 

 

0.97 

GDH/6000 
Making the subbase with crushed and screened 

material from quarry stone, (m3) 

 

41.68 

 

0.42 

 

In the calculation of the unit cost according to the layer types for the pure clay soil, the crushed 

stone subbase layer is 15 cm, the plant mix base layer is 25 cm, the bituminous base course 

layer is 11 cm, the binder layer (asphalt concrete) is 10 cm and the wear layer (asphalt concrete) 

is 5 cm as shown in Table 6. 

 

In the cost calculation of flexible road pavement, the cost of each layer was calculated by 

dividing the unit prices given in Table 10 by the thickness of the layer in terms of "m2 /cm", 

and the total and pavement unit cost has been determined. According to these calculations, the 

unit cost of the flexible road pavement thickness in m2/cm was obtained as 7.85 TL. 

 

Similarly, in calculating the unit cost according to the layer types for clay soil with 20% BFS 

additive, the plant mix base layer was calculated as 25 cm, bituminous base course layer 11 cm, 

binder layer 10 cm and wearing layer (asphalt concrete) as 5 cm as also shown in Table 8. 

 

Table 11 shows the unit costs to be used within the scope of the analysis of 20% BFS added 

clay soil [27]. 
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Table 11. Unit costs by layer types for 20% BFS added clay soil 

 

Item Number Definition and Unit 
Unit Price 

(TL) 

Cost of 

m2/cm (TL) 

GDH/6405/S-M 
Making 1 m2 asphalt concrete wear layer in 5 cm 

compacted thickness, (m2) 

 

13.06 

 

2.61 

GDH/6320 

Making asphalt concrete binder layer (with crushed 

and screened quarry stone), (ton) Note: Coating 

density 2.40 g/cm3 

 

83.78 

 

2.02 

GDH/6211-A 
Making 1 m2 asphalt concrete Bituminous base course 

layer in 11 cm compacted thickness, (m2) 

 

20.11 

 

1.83 

GDH/6100/3 
Making plant mix base (with broken and sieved quarry 

stone), (ton) Note: Coating density 2.40 g/cm3 

 

40.49 

 

0.97 

 

According to these calculations, the unit cost of the flexible road pavement thickness in m2/cm 

for 20% BFS added clay soil was obtained as 7.43 TL. 

 

According to these calculations, 20% BFS added clay soil reduces the unit cost by 

approximately 5.65% compared to pure clay soil in determining layer thicknesses. If the road 

soil is improved with 20% BFS on a divided road of 1000 m in length and 20 m in width, 

8,400.00 TL will be saved. Within the scope of similar studies conducted with waste material 

in the literature; In determining the thickness of the flexible road pavement layer, if the soil 

with 10% fly ash (FA) added clay soil and 10% FA on the 1000 m in length and 20 m in width 

divided road, the road soil is improved, 81,840.00 TL will be saved [28].  

 

4. CONCLUSIONS 

 

In this study, the effects of a clay subgrade soil, whose strength is increased by adding BFS, to 

highway flexible road pavement layer thicknesses and costs were obtained; 

 

 Due to the increase in the amount of BFS in the content of the clay soil, the optimum 

moisture content of the mixes increased and the maximum dry density values decreased. 

This is thought to be due to the high water absorption potential of the BFS and its fine 

grain structure. 

 

 According to the results of the unconfined compression test, the unconfined 

compression strength of the pure soil increased with the addition of BFS and the highest 

strength was obtained from mixtures containing 20% BFS. This result shows that BFS 

has a healing effect on the shear strength and cohesion ability of the clay soil. 

 

 According to CBR test results, 7 days of 20% BFS additives increased the CBR value 

of 7 days of pure clay soil approximately by 8.71 times. This significant increase shows 

that BFS has a very positive effect on the permanent deformation resistance of the clay 

soil. 

 

 According to layer thicknesses calculated for pure and additive soils, layer thickness for 

clayey soils containing 20% BFS showed a great decrease by 29.41% compared to pure 

soil. 
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 According to the cost calculation results, the cost of the pavement for clayey soils 

containing 20% BFS decreased by approximately 5.65% compared to the pure clay soil. 

due to the decrease in layer thicknesses. 

 

 Considering the unit costs for highway pavement layers, when the subgrade of a divided 

road of 1000 m in length and 20 m in width is improved with 20% BFS, 8,400.00 TL 

saving will be achieved in the cost of flexible road pavement compared to pure soil. 

 

As a result, it was found that with the addition of BFS to a clayey subgrade, the strength of the 

subgrade increased significantly, and the flexible road pavement layer thicknesses and 

construction costs were reduced significantly. For this reason, it is thought that if the subgrades 

are improved with BFS, it will be very beneficial in terms of decreasing the road pavement cost 

and any possible damages to the environment. Additionally, operations such as storage and 

transportation of artificial pozzolanic materials such as BFS formed as a result of industrial 

activities lead to the occupation of fertile agricultural lands and serious damage to the 

environment. In this context, the use of waste materials such as BFS as road infrastructure 

filling material to form soil improvement; is of great importance in reducing environmental 

pollution, decreasing high costs due to stabilization of soils with poor bearing capacity and 

reusing waste materials [29]. 

 

Acknowledgments 

 

This study has been supported by Inonu University Scientific Research Projects (SRP) 

Coordination Unit, project number FDK-2018-957. 

 
REFERENCES 

 
[1] Kozak, M. (2010). Investigation of the usage areas of textile wastes as building materials. Electronic Journal 

of Building Technologies, 6(1): 62-70. 

 

[2] Aruntaş, H.Y. (2006). Potential use of fly ash in the construction industry. Journal of Gazi University Faculty 

of Engineering and Architecture, 21(1): 193-203. 

 

[3] Tunç, A. (2002). Geotechnics and applications in road engineering. Atlas Publishing, Istanbul. 

 

[4] Çakılcıoğlu, İ. (2007). Stabilization of high plasticity clays. Master Thesis, Sakarya University Institute of 

Science, Sakarya. 

 

[5]  Hausman, M.R. (1990). Engineering principles of ground modification. International Edition, 321-335. 

 

[6]  Kılıç, G. (2008). Ground stabilization with cement. Master Thesis, Yıldız Technical University Institute of 

Science, Istanbul. 

 

[7] Emery, J.J, Kim, C.S, and Cotsworth, R.P. (1976). Base stabilization using pelletized blast furnace slag, 

4(1):94-100. 

 

[8]  Öner, A, and Yıldırım, T. (2005). Effect of crushed stone sand content on concrete properties in concretes with 

and without ground blast furnace slag. Earthquake Symposium, Kocaeli. 

 

[9]  Tokyay, M. and Erdoğdu, K. (2002). Slags and slag cements. Cement Manufacturers Association of Turkey, 

Ankara. 

 

[10] ACI 233.R-95, (2005). Ground granulated blast-furnace slag as a cementitious constituent in concrete. 

Reported by Acı Committee 233, American Concrete Institute, Detroit, Michigan. 

 



Geçkil et al., NATURENGS, MTU Journal of Engineering and Natural Sciences 1:2 (2020) 17-31 

 

31 

 

[11]  Bilgen, G., Kavak, A., Yıldırım, S.T. and Çapar, Ö.F. (2010). The place and importance of blast furnace slag 

in the construction industry. Proceedings of the 2nd National Solid Waste Management Congress, Volume 1: 506-

513, Mersin. 

 

[12] Bilgen, G. (2007). Ground stabilization with blast furnace slag. Master Thesis, Institute of Science, Kocaeli. 

 

[13] Sivrikaya, O., Yavascan, S. and Cecen, E. (2014). Effects of ground granulated blast-furnace slag on the index 

and compaction parameters of clayey soils. Acta Geotechnica, 19-27. 

 

[14] Bilgen, G., Kavak, A. and Çapar, Ö.F. (2012). The use of steel shop slag as an additive to a low-plasticity 

clay and its interaction with lime. Karaelmas Science and Engineering Journal, 2(2):30-38. 

 

[15] Cokca, E., Yazici, V. and Ozaydin, V. (2009). Stabilization of expansive clays using granulated blast furnace 

slag (GBFS) and GBFS-cement. Geotechnical and Geological Engineering, 27: 489-499. 

 

[16] Bilici, H., Okur, D.V., Türköz, M. and Savaş H. (2020). Fly Ash and Blast Furnace Slag on the Strength of 

Clay Soil Impact and Comparative Analysis of Contributions. BEU Journal of Science, 9 (2), 910-919. 

 

[17] Geçkil, T., Sarıcı T. and Yıldıran E.S. (2019). Improving the Strength of a Clay Soil with Lime Additive. 

Çukurova University Journal of the Faculty of Engineering and Architecture, 34(4), pp. 171-179. 

 

[18] Geçkil, T., Tanyıldızı, M.M. and Yıldıran E.S. (2020). Effects of a Clay Soil Stabilized by Blast Furnace Slag 

on Road Flexible Pavement Layer Thickness and Cost. Fırat University Journal of Engineering Sciences, 32(2), 

509-520. 

 

[19] HTS (2013), Highways Technical Specifications Project Guide, Technical Research Department, Ankara. 

 

[20] Arulrajah, A., Mohammadinia, A., Horpibulsuk, S. and Samingthong, W. (2016). Influence of class f fly ash 

and curing temperature on strength development of fly ash recycled concrete aggregate blends. Construction and 

Building Materials, 127:743-750. 

 

[21] Gençdal, H.,  Berı̇lgen, S. and Kılıç, H. (2020). Investigation of volume change behavior on compacted high 

plasticity clay ground for different initial conditions. Gazi University Journal of Engineering and Architecture 

Faculty. 35(3): 1421-1436. 

 

[22] Öztürk, Y.Z., Ünsal, N and Akbaş, S.O (2015). Assessment of The Swellıng and Lıme Stabılızatıon Potentıal 

of Gölbaşı (Ankara) Resıdentıal Area Clays. Journal of the Faculty of Engineering and Architecture of Gazi 

University, 30(2): 309-318. 

 

[23] Gökalp, İ., Uz, V.E., Saltan, M. and Tutumluer, E. (2018). Technical and environmental evaluation of 

metallurgical slags as aggregate for sustainable pavement layer applications. Transportation Geotechnics, 14: 61-

69. 

 

[24] American Association of State Highway and Transportation Officials, AASHTO Guide for Design of 

Pavement Structures. Washington, D.C.:1993. 

 

[25] Highways Flexible Pavement Project Design Guide (2008), Technical Research Department, Ankara. 

 

[26] Kök, B.V., Yılmaz, M. and Geçkil A. (2012). The effect of cement stabilized soil on flexible pavement cost. 

Pamukkale University Journal of Engineering Sciences, Volume 18, Number 3, Pages 165-172. 

 

[27] http://www.birimfiyat.net, 2019. 

 

[28] Geçkil, T., Tanyıldızı, M.M. and Yıldıran E.S. (2019). The Effects of a clay floor ıncreased wıth fly ash on 

road pavement. I. Internatıonal Scıence and Innovatıon Congress, 407-413. 

 

[29] Uysal, F.F. and Selin Bahar, S. (2018). Slag Types and Utılızatıon Areas. Trakya University Journal of 

Engineering Sciences, 19(1): 37-52. 

 



NATURENGS, MTU Journal of Engineering and Natural Sciences 1:2 (2020) 32-38 

 

NATURENGS 
MTU Journal of Engineering and Natural Sciences 

https://dergipark.org.tr/tr/pub/naturengs 
DOI: 10.46572/nat.2020.14 

 
 

 
*Corresponding Author: i.kucuk@alparslan.edu.tr   
ORCID number of authors: 10000-0003-2876-3942 , 2 0000-0001-6342-6816  
 

 
Low Cost Activated Carbon Synthesis, Characterization and Adsorption 

Applications 
 

İlhan KÜÇÜK1*, Yunus ÖNAL2 
1Muş Alparslan University, Muş, Turkey. 

2Department of Chemical Engineering, Faculty of Engineering, İnönü University, Malatya, Turkey. 
 

(Received: 19.11.2020; Accepted: 06.12.2020) 
 

 
ABSTRACT: In this study, activated carbon was synthesis from peach kernel shells, which is agricultural waste. 
The synthesized activated carbons were characterized and their adsorption properties were examined. Activated 
carbons were synthesized by the physical activation method and CO2 was used as the activation gas. The synthesis 
was carried out in two steps. In the first step, it was subjected to the carbonization process at 4 different 
temperatures. During the carbonization process, two different gas flows were used. In the activation process, a 
temperature of 800°C was used. The surface area and morphological properties of the obtained activated carbons 
were studied by BET, XRD, FTIR and elemental analyzes. Methylene blue was used during adsorption. The 
adsorption capacities of the samples were calculated. 
 
 
Keywords: Activated carbon, Biomass, Physical activation, Adsorption. 
 
 
1. INTRODUCTION 

 
With the increasing world population, environmental pollution has increased and this has 
started to affect human health negatively. Increasing pollution has especially polluted our rivers 
and caused great problems for both human and living life. Especially the drinking water 
shortage is increasing day by day and urgent measures should be taken. It is important to remove 
the increasing pollution from nature. Both the efficient materials to be made with these 
impurities and the use of these materials are important [1,2]. 
 
Especially the increasing need for materials used in the adsorption process is increasing day by 
day. Activated carbon comes first among these materials. The advantages of activated carbons 
from other materials are that they can be synthesized from waste materials, high surface areas, 
strong adsorption properties and easy usage. Due to these properties, activated carbon is widely 
used in adsorption processes [3]. The properties of activated carbons can be synthesized from 
waste materials, usually by chemical and physical activation. Chemical activation is carried out 
in two different ways. First, the chemical substance can be applied to the raw material. This 
activation can be carried out by directly adding chemicals to the raw material. It can also be 
carried out by adding pure water to the added chemical. This method is called impregnation. 
Another way of carrying out chemical activation is in two steps. In the first step, carbonization 
is carried out. Chemical impregnation is applied to the carbonized product. This event is the 
other type of chemical activation. In physical activation, activated carbon synthesis is carried 

https://dergipark.org.tr/tr/pub/naturengs
mailto:i.kucuk@alparslan.edu.tr
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out in two steps. The raw material is carbonized. Activation is applied to the carbonized product. 
CO2 and water vapor are used for activation. Although the physicochemical activation process 
has emerged in recent years, it is not a widely used method. What is done in this method is 
mixing physical and chemical activation [4-6]. 
 
Adsorption is the phenomenon of solid, liquid, or gas molecules adhering to a solid surface. 
This event is to be used excessively, especially in water treatment. The most important pollution 
in water is the dyestuffs used in textiles, dyeing paper and pulp, plastic, leather, cosmetics, and 
food industries, and many other areas. Different methods can be used to clean these impurities. 
Some of these methods are coagulation, reverse osmosis, photodegradation, electrochemical 
oxidation, ozonation and adsorption. The adsorption method has many advantages compared to 
other methods. Some of these advantages are low cost, simple installation and ease of 
application [7, 8]. 
 
Methylene blue is the most used basic dye in adsorption studies. Although its use is not very 
dangerous, it causes vomiting, jaundice, skin diseases and heart diseases in living creatures that 
are constantly exposed [9]. 
 
In this study, activated carbon was synthesis from peach seed shells by physical activation. CO2 
was used as gas in physical activation. The reason for using the peach kernel shell is that it has 
a high carbon content and is abundant in this waste. The reason for using CO2 is that its pore 
distribution is in a narrow area. Carbonization temperatures of 700 °C, 800 °C, 900 °C and 1000 
°C were used. 800 °C was applied as the activation temperature. 
 
2. MATERIAL AND METHODS 

 
2.1. Preparation of Activated Carbons 
 
Activated carbons, the peach seed shell was synthesized without any pretreatment. Peach kernel 
shell is primarily subjected to pyrolysis. During the pyrolysis process, peach kernel shells were 
kept at 700°C, 800°C, 900°C and 1000°C at 100 ml/min and 500 ml/min gas flow for 1 hour at 
a maximum temperature of 10°C/min. The solid sample taken from the oven was placed in the 
oven for physical activation without any pretreatment. The placed sample was activated at 
800°C with CO2. The synthesis is completed by keeping the sample at this temperature for 1 
hour at a heating rate of 10°C/min. As a result of the activation, the activated carbons were 
ground and ready for the analysis phase. 
 
 2.2. Analyzes 
 
XRD analysis with Rigaku RadB-DMAX II computer-controlled X-ray diffractometer, SEM 
images with LECO EVO40 brand device, FTIR analysis with Perkin Elmer 100 device, 
elemental analysis and percentage values with LECO CHNS 932 elemental analyzer, Surface 
area of activated carbons 77 K and at relative pressure (P / Po) between 10–6-1 and N2 adsorption 
with Brunauer-Emmett-Teller (BET) Tristar 3000 Micromeritics branded Surface Analyzer. 
 
2.3. Adsorption Test 
 
1000 ppm methylene blue stock solution was prepared for the adsorption experiment. The stock 
solution prepared was diluted 10 times and was prepared for the adsorption process by placing 
it in 100 ppm and 100 ml. 0.1 grams of activated carbon sample was placed in the prepared 
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flasks and the adsorption process was started for 24 hours. In this process, the mouths of the 
erlenmeyer were closed with paraffin. Then the extracted samples were measured with a UV-
VIS device and the samples were calculated as in Equation 1. 
 
q = C0−Ce

W
∗ V                                                                                                                            (1) 

 
q = The amount of methylene blue adsorbed,(mg/g) 
C0= Initial concentration of methylene blue,(mg/L) 
Ce= Measured methylene blue concentration, (mg/L) 
w = Activated carbon amount,(mg) 
V = Solution Volume,(L) 
 
 
3. RESULTS AND DISCUSSION 
 
BET, FTIR, XRD and Elemental Analysis were performed on activated carbons synthesized 
from peach kernel shell. Activated carbon was characterized by the analyzes performed. BET 
analysis results of activated carbons are shown in Table 1. 
 

Table 1. BET analysis results 

 Carbonization Physical 
Activation 

 

Codes Temperature
°C 

Gas 
Flow 
Rate 

Temperature 
(°C/100 ml 

CO2) 

SBET 
m2/g 

Smicro 
m2/g 

Smezo 
m2/g 

VT 
cm3/g 

Vmicro 
cm3/g 

Vmezo 
cm3/g 

AC1 700 100 800 351.34 351.34 - - 0.18 - 
AC2 700 500 800 334.55 334.55 - - 0.18 - 
AC3 800 100 800 333.04 333.04 - - 0.18 - 
AC4 800 500 800 347.51 347.51 - - 0.18 - 
AC5 900 100 800 168.39 168.39 - - 0.17 - 
AC6 900 500 800 205.82 205.82 - - 0.16 - 
AC7 1000 100 800 12.06 12.06 - - 0.052 - 
AC8 1000 500 800 2.08 2.08 - - 0.05 - 

 
 
According to the BET analysis results shown in Table 1, the highest surface area belongs to the 
AC1 sample with 351.34. The lowest surface area belongs to the AC8 sample with 2.08. 
Increased carbonization temperature harmed the surface area. Also, the increased gas flow 
caused differences in the surface area. The reason for this can be shown that with the increasing 
gas flow, more N2 particles touch the sample and the differences in the structure occur. 
However, this situation does not cause pore formation in the structure. Because the gas cannot 
fully form the pores during the carbonization process. The pores formed by the activation gas 
either expand completely or pores that are not fully formed begin to form. When looking at 
activated carbons synthesized at 700°C and 800°C, there is not much change in surface areas. 
However, when the temperature increases, there is a decrease in surface areas. The decreasing 
surface area can be explained as breaking down the pore walls in activated carbon with 
increasing temperature. Another explanation is that the pore formation in the material may have 
decreased with increasing temperature. Since activated carbons are produced by the physical 
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Figure 1. FTIR spectrum A: Raw peach B: AC1 C: AC3 D: AC7 
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Figure 2. XRD spectrum A: Raw peach B: AC1 C: AC3 D: AC7 

activation method, CO2 is used as the activating gas. Activation gas did not show mesopore 
formation in the samples. All of the pores formed in all samples are microporous. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

FTIR results of some samples are given in Figure 1. According to Figure 1, the peaks existing 
in the raw peach kernel shell decreased or disappeared in the activated carbon. This 
phenomenon can be explained by structural changes during carbonization and activation. It is 
related to the peak-OH stress occurring around 3350 cm-1 in the raw peach peel, and it is proof 
of the presence of hydroxide molecules in the structure. This may mean the presence of a 
structure such as phenol or alcohol in the hydroxide molecule structure. In addition, this peak 
occurred in cellulose in the structure. The peak that occurred around 3050 cm-1 was formed by 

A 

A 

B 

C 
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C-H bending in the structure. The peak that occurs at about 1700 cm-1 is the peak that occurs 
from the C=O molecule in the structure. The peak that occurs at about 1100 is from the C-O 
molecule. Another characteristic analysis for samples is XRD analysis. XRD analysis is shown 
in Figure 2. According to XRD analysis, no crystallized regions were found in the raw peach 
skin. There are 3 different semi-crystalline zones in the structure. The structure is generally 
amorphous. The flat peak around 22 thetas appears as the cellulose peak and is seen in cellulose-
containing materials. This peak is considerably reduced in activated carbon samples. This 
means that the cellulose in the structure is broken down. 

 

Table 2. Elemental analysis of some samples 

Sample %C %H %N %S %O 
Peach Kernel Shell 50.45 5.683 0.072 - 43.795 

700°C 100 ml/min N2 
800°C CO2 

51.11 0.874 0.134 - 47.882 

800°C 100 ml/min N2 
800°C CO2 

47.45 0.776 0.218 - 51.556 

1000°C 100 ml/min N2 
800°C CO2 

80.40 0.699 0.475 - 18.426 

1000°C 500 ml/min N2 
800°C CO2 

69.16 0.441 0.663 - 29.736 

 

Some samples were analyzed for elementary analysis. Element analysis results are given in 
Table 2. According to Table 2, there is approximately 50% carbon content in the raw peach 
kernel shell. Increasing carbon content in materials is important for active carbon synthesis. 
This ratio in peach kernel shell is sufficient for activated carbon synthesis. The carbon content 
of activated carbons is generally higher than the raw peach kernel shell. This result is generally 
expected. This is because the shell is subjected to pyrolysis and activation processes. In 
general, there is a noticeable decrease in the amount of hydrogen. There is an increase in the 
amount of nitrogen. The occurrence of these differences is a show of change in structure. In 
addition, the increased amount of carbon according to the element analysis results caused 
some peaks to expand and decrease in FTIR and XRD analyzes. Approximately 1100 cm-1 
peak increase occurring in FTIR consists of C-O stretch and vibration. The increase in this 
peak and the increase in the C-H bending peak at approximately 3050 cm-1 can be explained 
by the ratio of C/H and C/O. Also, the change in XRD, especially the decrease in the peak of 
cellulose, is observed. However, the regular regions seen may come from the increased 
amount of carbon. 
 
Methylene blue adsorption capacitors of activated carbons were studied. Study results are 
given in Table 2. The methylene blue adsorption capacity of the activated carbons synthesized 
according to Table 2 was found to be quite low. The methylene blue molecule is a very large 
molecule with a molecular structure of C16H18ClN3S. When looking at the synthesized 
activated carbons, pores are generally micropores. Micropores are a term used for pores 
formed at 2 nm and below. These pores are too low for methylene blue to enter. Therefore, 
since the methylene blue molecule cannot pass through the pores, it is quite natural that the 
methylene blue adsorption capacity is quite low. 
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Table 3. Methylene Blue adsorption of samples 

Carbonization Physical Activation 
Temperature 

°C 
Gas Flow 

Rate 
Temperature 

 (°C/100 ml CO2) 
SBET 
m2/g 

Adsorption Capacity 
qe (mg/g) 

700 100 800 351.34 - 

700 500 800 334.55 1.66 

800 100 800 333.04 1.77 

800 500 800 347.51 - 

900 100 800 168.39 2.76 

900 500 800 205.82 3.67 

1000 100 800 12.06 1.66 

1000 500 800 2.08 4.44 
 
 
4. CONCLUSIONS 
 
In this study, activated carbon synthesis was prepared from a peach kernel shell. In the synthesis 
of activated carbon, the surface area was expanded and these results are given by the 
measurement of the BET device. In the results given, the structure consists entirely of 
micropores. This means that the pores seen in this structure are quite small. It is seen in the 
literature that active carbons synthesized by physical activation generally have lower surface 
areas than those synthesized by chemical activation. In addition to the fact that the surface areas 
are very small, the rate of micropore is quite high. Water vapor is used in physical activation, 
which is another study in the literature. By the information given in the literature, the surface 
area of activated carbons synthesized by water vapor activation is higher than CO2. This 
phenomenon explains that the H2O molecule is smaller than the CO2 molecule. Small molecules 
enter the pore circles and expand the pores. Therefore, more mesopore is observed in studies 
used H2O. In this study, the benefit of the CO2 molecule used in comparison to other activation 
agents is that it produces a high amount of micropore. In line with these results, if a high amount 
of micropore is desired in the activated carbon that we will synthesize, CO2 should be used. 
However, since these activated carbons have low methylene blue adsorption, other application 
areas can be examined. 
 
With this study, a new type of activated carbon with narrow pore distribution was added to the 
literature. A narrower pore distribution can be achieved by further expanding the study.  
Activated carbons which narrow pore distribution can be used as carbon molecular sieves. 
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ABSTRACT: The field tests such as the standard penetration test (SPT), pressuremeter test (PMT), and Multi-
Channel Analysis of Surface Waves (MASW) give information about the stratigraphic properties, structure, 
underground water level, bearing capacity, and liquefaction of soil. The studies investigating the correlations 
between these tests are quite common. Most of the studies found in the literature have focused on sand, silty, and 
clay soils, while the number of studies about gravelly soils is limited. In the study area, the gravel content ranged 
from 0% to 47% depending on local differences. Gravel sizes reached 80 mm at certain locations but remained 
below them in most locations. In this study, it has been discussed that how correlation studies will change in 
heterogeneous soils. Among the correlations between the field test results, with the highest R2 value of 0.6847, the 
strongest correlation was obtained between the PMT-PL value and SPT-N60 value, while, with an R2 value of 
0.3906, the weakest correlation was between the PMT-Em value and MASW- Vs value. The low R2 values were 
attributed to the exceedingly heterogeneous structure of the soil and locally changing gravel amounts. 

Keywords: Correlation, Soil tests, Alluvial-fluvial sediments. 

 

1. INTRODUCTION 

During an earthquake, local geology plays an important role in the control of the effect of the 
earthquake on the surface. Soil properties can affect the amplitude, frequency, and duration of 
bedrock motion when it reaches the surface [1]. 

In geotechnical applications, as in situ tests that do not alter the soil stress conditions, field tests 
are preferred over laboratory applications. These tests are prevalently used in practices such as 
the design of foundations and other building structures, bearing capacity, and liquefaction 
analysis.  

Within the scope of the in situ tests, various geophysical methods are also used, among them 
being the Multi-Channel Analysis of Subsurface Waves (MASW), which is a series of 
geophysical tests done on the ground surface and used to determine the shear wave velocity 

https://dergipark.org.tr/tr/pub/naturengs
mailto:cigdem.ceylan@ozal.edu.tr
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(Vs) profile with depth for a certain site [2]. Vs is an important parameter revealing the stiffness 
of soil layers [3]. 

The study investigates whether there is a relationship between the SPT-N60 value (SPT N-value 
corrected for field procedures) obtained with the SPT, the Em ( Mernard deformation module) 
and PL (Limit Pressure) values obtained with the PMT, and the Vs value obtained with the 
MASW test.  

The study area was the Battalgazi Campus of Turgut Özal University located within the borders 
of Battalgazi District in the north of Malatya, Turkey (Figure 1). It has an area of about 600 
decares. In the region, 15 boreholes were drilled at certain intervals and the SPT and PMT were 
performed in the boreholes at predetermined depths. The equations derived between the data 
obtained from the two tests were compared with the results found by other researchers. Again, 
in the same region, an MASW test was carried out at 32 points and the 15 closest MASW tests 
to the drilling points were used for comparison purposes. The relationship between the results 
and the results obtained with the SPT and PMT was examined and compared with the results 
found in the literature.  

The maximum relation was obtained between SPT and PMT. But this relationship is quite weak. 
It is thought that such a result is due to the heterogeneous nature of the soil. Literature studies 
generally include studies on homogeneous soils and the relations obtained are quite high. 
However, it has been observed that as the heterogeneity of the ground increases, the relationship 
between SPT, PMT and MASW also gets weaker. In this study, it was investigated how the 
correlation studies in heterogeneous soils would yield results. 

1.1. Geological Description of the Study Area 

The study area involves the Quaternary alluvial-fluvial deposits of the Malatya basin located in 
the north of Battalgazi District, Malatya, Turkey. The alluvial deposits in the study area mostly 
comprised of treated-non-treated gravel, sand, silt, and clay-intercalated mud. The examination 
of the clay samples in the study area revealed that they were high-plastic clays. The pile stiffness 
examination showed that the pile was highly stiff. According to the seismic data, the pile had a 
thickness of 70 m. The evaluation of the lithological and stratigraphic properties and 
sedimentary geometry of the unit revealed that the unit reflected the sedimentation in alluvial 
fan and flood plain settings [4]. The underground water level (GW) in the region ranged from 
2.29 m to 6.42 m depending on seasonal changes. The region mostly consists of agricultural 
lands and agricultural and education activities are carried out together in the campus site.  

2. MATERIAL AND METHODS 

2.1. Field Tests 

In the study area total of 15 boreholes were drilled at 250 m intervals. The SPT and PMT were 
performed for the same boreholes and correlation studies were carried out between the results 
obtained from both tests. Among the measurements obtained with the MASW tests, the 15 
closest measurements to the drilling points were used in the comparisons. 
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Figure 1. Location map of the study area [5] 

 

2.1.1 SPT 

The SPT is a simplistic and common test used in the calculations of the soil type, soil stiffness, 
resistance, liquefaction, and the bearing capacity for the foundation and estimated settlement. 
In the study, 15 boreholes were drilled and 7 SPTs were performed for each borehole to collect 
SPT samples. The drilling points of the study area are given in Figure 2. The standard 
penetration tests were carried out in the boreholes by ASTM D 1586 [6]. During the test, a 
hammer weighing 63.5 kg was dropped from 760 mm to achieve a free fall and the plunge of 
the SPT tube to 450 mm. The number of blows for the penetration of the SPT tube to the last 
300 mm was recorded as N30. Energy corrections were performed on the blow counts and the 
results were used in the comparisons. Among the samples collected during the SPT, the 
numbers of SPT blows (SPT-N) values obtained in the first 12 m were used. Each borehole had 
a diameter of 150 mm and the SPT-N values were measured for every 3 m. Figure 3 shows the 
histogram plot and distribution of the SPT-N60 values by depth. Sieve analysis according to 
ASTM D-422 and consistency limit tests according to ASTM D4318-17e1 were performed on 
disturbed samples taken from SPT [7, 8]. Table 1 shows the gravel and fine material contents 
and consistency values of the SPT samples and soil classification made according to USCS 
standard is given in Table 2 [9].  
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Figure 2. Study area drilling points 

 

a. b.  

Figure 3. (a)SPT-N60 values for depths (BH: Bore Hole) (b) The histogram plot of the SPT-N60 values 

 
2.1.2. PMT 

The pressuremeter test was developed by Louis Menard and is frequently used in geotechnical 
projects to analyze soil properties. It is among the field tests used in the measurement of the 
characteristics of the lateral deformation of the test soil at a certain depth [10].  Compared with 
the SPT, the PMT is relatively costly and thus, is sometimes not preferred in small-scale or 
regular geotechnical applications [10]. Using the correlations established with the data obtained 
from the test, bearing capacity, internal friction angle, undrained shear stress, lateral stresses, 
elasticity module, and settlement can be calculated [11]. The PMT requires expertise and the 
SPT is a relatively more practical and easy test. Hence, correlations were also made between 
SPT results and the results from other field tests [12].  
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Table 1. Some Physical Properties of the SPT Samples  

(BH: Bore Hole, NP: Non-plastic, LL: Liquid Limit, PI: Plasticity Index) 
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BH: 1 BH: 2 BH: 3 

3 0 23.32 47.1 19.95 3 1.43 20.82 36.38 16.14 3 23.29 5.56 50.12 29.57 

6 0 15.75 50.03 21.23 6 8.26 5.82 31.61 14.05 6 25.91 9.64 39.22 18.83 

9 6.09 15.44 43.5 67.38 9 12.35 7.70 39.61 18.04 9 30.28 33.48 18.87 7.24 

12 13.83 21.28 35.25 14.70 12 29.63 7.56 30.75 9.15 12 47.49 4.06 22.24 7.30 

BH: 4 BH: 5 BH: 6 

3 37.93 4.71 NP NP 3 2.46 26.27 41.19 17.91 3 4.80 40.77 41.55 16.33 

6 10.02 14.56 23.42 8.56 6 6.26 16.26 26.63 6.62 6 10.23 25.89 45.73 19.21 

9 14.04 14.41 46.84 17.15 9 3.27 28.05 NP NP 9 7.26 19.91 50.26 20.01 

12 23.98 6.40 69.95 34.43 12 0.28 39.85 NP NP 12 8.67 32.62 56.97 21.30 

BH: 7 BH: 8 BH: 9 

3 22.79 15.78 41.10 17.52 3 0.80 34.61 41.58 17.60 3 11.91 15.75 40.85 23.08 

6 26.44 17.27 NP NP 6 15.16 31.27 37.75 14.01 6 15.63 17.31 28.71 13.35 

9 18.55 14.51 15.72 6.14 9 16.33 19.74 53.68 21.65 9 21.65 15.91 32.42 10.69 

12 18.93 8.69 38.67 16.79 12 4.38 24.01 70.96 29.69 12 28.71 9.90 42.05 16.16 

BH: 10 BH: 11 BH: 12 

3 7.06 59.38 49.92 26.24 3 12.96 30.66 39.08 19.81 3 11.10 9.81 62.26 32.69 

6 7.06 60.84 47.60 23.52 6 14.03 35.42 NP NP 6 4.36 31.39 79.53 47.15 

9 14.81 40.84 39.96 18.07 9 0 10.92 NP NP 9 13.72 39.35 57.35 33.86 

12 14.91 23.49 52.75 24.23 12 9.91 25.51 74.73 36.90 12 21.23 33.14 35.92 16.54 

BH: 13 BH: 14 BH: 15 

3 2.14 58.82 48.65 24.04 3 4.79 45.90 61.07 34.34 3 26.80 52.62 47.96 26.91 

6 0.07 62.42 50.41 25.95 6 4.82 38.13 66.97 37.95 6 0.78 44.71 46.57 26.09 

9 20.25 38.14 44.54 24.22 9 0.14 57.64 57.46 31.39 9 1.21 30.65 NP NP 

12 38.80 12.14 NP NP 12 0.21 73.97 NP NP 12 0.55 28.13 33.85 13.22 
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Table 2. Soil classification according to depth 
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3 SC 3 SC 3 SP-SC 3 GW 3 SC 3 SC 3 SC 

6 SC 6 SP-SC 6 SP 6 SP-SM 6 SC 6 SM 6 SC 

9 SM 9 SP-SC 9 SC 9 SM 9 SM 9 SC 9 SW-SC 

12 SC 12 SP-SC 12 GW 12 SP-SM 12 SM 12 SM 12 SP-SC 

BH: 8 BH: 9 BH: 10 BH: 11 BH: 12 BH:13 BH:14 
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3 SC 3 SC 3 CH 3 SC 3 SC 3 CH 3 CH 

6 SM 6 SW-SC 6 SC 6 SC 6 SC 6 CL 6 SC 

9 SC 9 SC 9 CL 9 SC 9 SC 9 CH 9 SC 

12 SM 12 SP-SM 12 SP-SC 12 SP-SM 12 SC 12 SC 12 CL 

BH:15 GC: Clayey gravel,  

GW: Well-graded gravel,  

SC: Clayey sand,  

SM:  Silty sand,  

SP: Poorly graded sand,  

CL: Clay of low plasticity,  

CH: Clay of high plasticity,  

SP-SC: Poorly graded sand and clayey sand,  

SP-SM: Poorly graded sand and Silty sand,  

SW-SC: well-graded sand and clayey sand  

3 GC 

6 CL 

9 SP 

12 SC 

 

In their study published in 2016, Naseem et al. developed a correlation between SPT-N1,60 

(Energy-corrected N-value normalized to effective overburden stress of one atmosphere) and 
PL and Em. In the tests predominantly carried out in sandy soils, the SPT-N1,60 blow counts were 
between 6 and 23. Eq. (1) and (2) give the correlations derived by the researchers. The R2 values 
were determined to be 0.857 and 0.8504, respectively [11]. 
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𝑃𝑃𝐿𝐿 = 15.214.𝑁𝑁1,60 + 89.276                        (1) 

𝐸𝐸𝑚𝑚 = 165.88.𝑁𝑁1,60 + 1364.1                           (2) 

 

In 1990, in their study investigating sandy and clay soils, Kulhawy and Mayne correlated SPT 
blow count with Em and carried out a PMT for the parameters used in foundation design [13].  

Another correlation between the SPT and PMT was developed by Bozbey and Toğrol. In their 
study carried out in Istanbul in 2010, Bozbey and Toğrol performed the SPT and PMT for sandy 
and clay soils and found a linear relationship between the SPT-N60, Em, and PL values 
concerning the soil type [10, 14]. The researchers determined that, in sandy soils, there was a 
correlation between the results of the SPT-N60 and PMT, which is as follows Eq. (3) [14]: 

 

𝐸𝐸𝑚𝑚 = 1.33. (𝑁𝑁60)0,77  (r2=0.2)                              (3) 

Again, in 2008, in their study on sandy, silty, and clay soils, Yağız et al. derived the following 
Eq. (4) [15]: 

𝐸𝐸𝑚𝑚 = 388𝑁𝑁60 + 4554              (r2=0.91)                                  (4) 

 

In this study, 6 PMTs were carried out for each of the 15 boreholes with depths of 20 m. The 
test was carried out following the ASTM D 4719. SPT and PMT tests were made by “Garanti 
Temel Teknik Sondaj- Elazığ” company [16]. The PMT results for the depths between 0 m and 
12 m were used in the tests. To compare the data obtained from the SPT with the data obtained 
from the PMT, the mean 3m-deep SPT blow counts were used. Figure 4 shows the histograms 
and the PMT results for depth. 

2.1.3. MASW 

The MASW method is one of the most common methods used in determining the shallow 
seismic velocity of soil [17]. The Vs value obtained with the MASW test is the fundamental 
parameter needed to identify the dynamic properties of soils [18]. It is conveniently used in the 
evaluation of certain parameters such as soil stiffness, liquefaction potential, soil density, soil 
classification, and foundation settlement [18].  

The main goal of the MASW method is to obtain the dispersion of Rayleigh waves in which 
phase velocity is dependent on the frequency and convert it into S-wave velocity and layer 
depth using the inversion technique [17]. 

However, determining the Vs wave velocity in all field applications is not always cost-friendly. 
Establishing a correlation between the Vs and SPT blow counts reduces the cost of the field 
study. In 2014, Tumwesige et al. carried out a correlation study between Vs and SPT-N blow 
counts. The researchers collected 273 data measurements for the Vs and SPT-N at the same 
depth and showed that the relationship between the two parameters depended on the effective 
strain and ignoring this strain created a bias in the model [19].  In 2007, Anbazhagan et al. 
developed a correlation between the corrected SPT-N and Vs values and the results of the 38 
MASW tests carried out at a fairly close location to the drilling points [20].  
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Furthermore, in the USA, similar studies investigating the correlation between Vs and N30 
showed that corrected SPT-N values yielded better correlations compared with the uncorrected 
SPT-N values [21]. In Japan, a great number of researchers developed correlations between the 
SPT-N and Vs values by taking the geological age and soil type into account. Among these 
studies, some used corrected SPT-N values, while others used uncorrected SPT-N values.  

a. b.  

c.   d.  

Figure 4. (a) Em values (b) Histogram of Em (c) PL values (d) Histogram of PL 

 

In this study, MASW measurements were performed at 32 locations and the measurements from 
the 15 closest locations to the drilling points were used for comparison purposes. Furthermore, 
the same as the case for the SPT and PMT values, the values obtained at the first 12m were 
used for the comparisons. In the MASW test, a 12 channeled “Geometrics-Smartseis SE” model 
seismograph was used along with the use of an 8kg sledgehammer and a 30cmx30cm plate as 
the seismic energy sources. Geophone spacing is taken as 2m, minimum offset 4m and 
maximum offset 48m. MASW measurements were made by “Yerfiziği-Burhanettin TÜZÜN” 
company. Figure 5 shows the measurement results for MASW.  
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Figure 5. MASW measurement results 
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Table 3 shows a summation of the correlations between SPT and Vs found in the relevant 
literature. N30 was used in most of these correlations, while energy corrections (SPT-N60) were 
made in some of the studies [18]. 

Table 3. Summary of the Empirical Correlations Based on SPT-N vs Vs [18] 

Researcher(s) 
Vs= 

(m/s. for all 
soils) 

Researcher(s) 
Vs= 

(m/s. for all 
soils) 

Kanai (1966) 19𝑁𝑁0.6 Imai and Tonouchi (1982) 97𝑁𝑁0.314 

Ohba and Toriumi (1970) 84𝑁𝑁0.31 Dikmen (2009) 58𝑁𝑁0.39 
Imai and Yosimura (1970) 92𝑁𝑁0.329 Iyisan (1996) 51.5𝑁𝑁0.516 

Fujiwara (1972) 92.1𝑁𝑁0.337 Kiku et al. (2001) 68.3𝑁𝑁0.292 

Ohsaki and Iwasaki (1973) 82𝑁𝑁0.39 Hasançebi and Ulusay (2007) 90𝑁𝑁0.309 
Imai and Yoshimura (1975) 92𝑁𝑁0.329 Uma et al. (2010) 95.64𝑁𝑁0.301 

Imai (1977) 91𝑁𝑁0.337 Athanasopoulos (1995) 107.6𝑁𝑁0.36 

Ohta and Goto (1978) 85.35𝑁𝑁0.348 Hanumantharao and Ramana 
(2008) 82.6𝑁𝑁0.43 

Seed and Idriss (1981) 61𝑁𝑁0.50 Jafari et al. (1997) 22𝑁𝑁0.85 
 

2.2. Correlations 
 
2.2.1. The correlation between the PMT and SPT values 

After the energy corrections to the SPT-N values obtained with the field tests, the results were 
compared with the Em and PL values obtained from the PMT results. The R2 values for the 
correlations were 0.595 and 0.6847, respectively (Figure 6).  

a. b.  
 

Figure 6. Correlation between (a) SPT-N60-Em, (b) SPT-N60- PL 

 

2.2.2. The correlation between the SPT and MASW values  

The SPT-N60 values were used in the comparisons with the MASW results and the R2 value for 
the derived correlations was 0.5719 (Figure 7).  
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Figure 7. Correlation between SPT-N60-Vs values 

 

The results obtained from the tests were compared with the results found in the relevant 
literature and are given in Figure 8.  In the study area, silty sand and clayey sand units are 
observed intensively. These units are concentrated in areas where the relationship is reduced 
relationship of the parts is also increased gravel unit. As the ratio of gravel increases, the soil 
becomes heterogeneous and the relationship becomes weak. When Figure 8 is examined; The 
measured values were found to be heavily compatible with Ohsaki and Iwasaki (1973) and 
Iyisan (1996). It is believed that the stiffening and gravel ratio in the remaining spots are 
effective. 

 

 
Figure 8. The comparison of the MASW and SPT results with the data found in the literature 

  

2.2.3. The correlation between the PMT and MASW values  

Figure 9 shows the correlations between the Em and PL values obtained with the PMT and the 
Vs values obtained with the MASW. The R2 values were 0.3906 and 0.4524, respectively. 
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a.   b.  
 

Figure 9. Correlation between (a) Vs-Em, (b) Vs- PL 
 

 
3. RESULTS AND DISCUSSION 

The study investigates the relationship between the results obtained from the SPT, PMT, and 
MASW tests using simple regression analysis. A correlation study was carried out between the 
results obtained from the SPT and PMT tests performed for the 15 boreholes at certain intervals 
and the results obtained from the MASW test performed for the closest locations to the 
boreholes.  

a. The study area is made up of the flood deposits from the Euphrates River. In light of the 
geophysical studies carried out across the field, the thickness of the unit was determined to 
be 70m. The unit has a complex structure that densely contains a silty sandy unit and in 
which large gravel blocks and clay bands are frequently encountered at different depths. 
According to the MASW test results, across the field, the north and northeast regions 
densely contained a silty clay unit, while, in the west and northwest regions, the silty clay 
units are accompanied by gravel (Figure 10).  
 
 

 
 

Figure 10. The lithological distribution of the study area according to the MASW test results 
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b. The correlations obtained in the study are given below. According to the table, the 
strongest correlation was determined between the PL and SPT-N60 values, while the 
weakest correlation was determined between the Em and Vs values (Table 4). as shown in 
Table 4, the highest relationship is between PMT and SPT. The fact that these tests were 
conducted in-situ in the same borehole may have increased the relationship. As seen in 
Table 2 and Figure 10, the study area is a very heterogeneous region. it is believed that 
R2 values are therefore low. Other studies in the literature have mostly been done in 
homogeneous areas. These studies were mostly conducted in areas where sand or silt was 
dense. It is believed that R2 values in the literature are therefore high. 

Table 4. Correlation between the tests 

Relation Em-Vs PL-Vs SPT-N60 - Vs Em -  SPT-N60 PL -  SPT-N60 
R2 0.3906 0.4524 0.5719 0.5950 0.6847 

 
 

c. N30, Em, PL, and Vs values increased depending on the depths. An increase in soil stiffness 
depending on depth can be cited as the reason for this. 
 

d. The comparison of the Vs and SPT-N60 measured in the study area with the curves obtained 
in previous studies showed that they remained approximately in the same region (Figure 
8). In the study area, silty sand and clayey sand units are observed intensively. These units 
are concentrated in areas where the relationship is reduced relationship of the parts is also 
increased gravel unit. As seen in Figure 8, this is thought to be the reason why the test 
results remain in the same area as previous studies. 

4. CONCLUSIONS 

This study emphasizes that homogeneity and tightness are effective in correlation studies. 
Studies in the literature were mostly conducted in homogeneous areas. Therefore, R2 values are 
high. But because the heterogeneity of alluvial deposits is higher, the relationships established 
in these soils have also been weak. in studies conducted in heterogeneous areas, it is 
recommended that the relationship between these tests be evaluated in detail by other 
researchers. 
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ABSTRACT: In this study, it was aimed to investigate the obesity tendency of the students of Bitlis Eren 

University with a Bioelectrical Impedance Body Analyzer. A total of 400 students volunteered comprised of 200 

males and 200 females were enrolled in the study. According to Body Mass Index (BMI) values were found that 

19.5% of the female l students were Underweight, 68.5% of them were normal weight, 11.0% of them were 

overweight and 1.0% of them were obese, 4.5% of the boy students were weak, 71.0% of them were normal weight, 

22.0% of them were overweight and 2.5% of them were obese. The result of body fat ratio was indicated that while 

48.0% of the female students were in the obese category, 40.0% of them were determined in the obesity tendency 

risk group, 56.0% of the boy students were in the obesity tendency risk group and 26.0% of them were obese. 

According to the waist/hip ratio were revealed that 95.5% of the girl students were in the obesity tendency group 

and 4.0% of them were obese, 85.5% of the boy students were in the obesity tendency group and 4.0% of them 

were obese. A significant difference was found between age and gender, fat ratio, waist/hip ratio, and BMI values 

(p <0.05). University students participating in the study were evaluated. The overweight (Pre-obese) rate was 

found to be high in students (Female: 11%; Male: 22%). 

 

Keywords: Obesity, Obesity tendency, Body mass index, Body fat ratio, Waist/hip ratio. 

 

 

1. INTRODUCTION 

 

Overweight and obesity are defined as abnormal or excessive fat accumulation that may impair 

health [1, 2]. Although the causes of obesity, which the World Health Organization (WHO) 

regards as an important public health problem, are not yet fully known, it is thought to be a 

complicated health problem caused by environmental and genetic factors [3]. It is known that 

obesity triggers cardiovascular diseases, causes degenerative effects on muscles, bones, and 

joints, and causes diseases such as dyslipidemia, hypertension, diabetes, arthritis, osteomalacia, 

osteoporosis, depression, and cancer [4-10]. The increase in the tendency to consume fast-food 

due to today's technology and especially the fact that the time spent actively is shortening invites 

obesity [11]. 
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1.1. Body Mass Index (BMI) 

 

The most common criterion that is utilized for obesity is Body Mass Index (BMI), which is 

accepted by the World Health Organization and can be used as a criterion for all individuals 

without the gender difference [12]. BMI is calculated by dividing body weight in kg by the 

square of height in meters (kg/m²) [13]. 

 
Table 1. BMI Classification in Adults 

Classification BMI (kg/m²) 

Underweight <18.5 

Normal range 18.5–24.9 

Overweight (Pre-obese) 25.0–29.9 

1st degree obese 30.0–34.9 

2nd degree obese 35.0–39.9 

3rd degree obese ≥40 

 

 

1.2.Waist/Hip Ratio 

 

The waist/hip ratio is expected to be below 0.80 for females and below 0.95 for males [14]. 

According to WHO should the waist/hip ratio surpass 0.85 in women and 1.0 in men, it is 

considered as android type obesity [15]. 

 

1.3. Body Fat Ratio 

 

The body fat ratio is between 18-24% in adult males and between 25-31% in adult females. 

This ratio surpassing 25% in men and 32% in women constitutes obesity [16]. 

 

1.4. Body Muscle Weight and Total Body Water 

 

The muscle weight of the body is not a criterion for defining obesity. Although a high body 

muscle weight increases BMI, especially in athletes, it cannot be asserted that it demonstrates 

a tendency to obesity. WHO reports that obesity stems from the accumulation of excess adipose 

tissue and that this excess fat prompts diseases [16]. On the other hand, excessive body muscle 

weight provides flexibility, endurance, and dynamism to the body instead of causing diseases. 

And due to the water retention feature of creatine stores in muscle tissue [17], an increase in 

total body water is also observed in parallel with the increase in the body muscle.  

 

1.5. Basal Metabolic Rate (BMR)  

 

BMR, which is the energy needed for the circulation, respiration, and the continuation of body 

temperature while the individual is in the full resting state, may vary according to the factors 

such as body weight, the ratio of muscle and fat in body components, race, age, and genetics 

[18]. It decreases calorie expenditure via shortening the duration of physical activity of the 

individual and accordingly causes obesity by decreasing the basal metabolic rate [19].  
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2. MATERIAL AND METHODS 

 

To this study; A total of 400 volunteer students, 200 female and 200 male, who studied at Bitlis 

Eren University between February and May 2015, were included in the study.  Participants were 

informed about the measurement at least one day prior, and the measurement devices were 

introduced to them. The measurements were made at 09:30 in the morning while the students 

were hungry. The height measurements of the students were performed via a digital-display 

Ultrasonic Harpenden Stadiometer (ADE / Hamburg MZ10020) device with a precision degree 

of 0.1 cm, and no accessories or items that would affect the measurement were allowed [20]. 

Measurements were performed in the Inbody230 (MW160) Bioelectrical Impedance Body 

Analyzer [21] through the entrance of height, gender, and age values, and the measurements 

were made while the students were in a state of complete rest, while they were wearing nothing 

other than shorts, and at least 12 hours after the students ate the meal. As a result of the 

conducted measurement, BMI, body fat ratio, waist/hip ratio, body muscle weight, total body 

water, and basal metabolic rate values were determined. 

The data obtained were analyzed through the utilization of IBM SPSS Statistics 20 package 

program, and Pearson chi-square test was performed to put forth whether the observed values 

were compatible with expected values, and the Spearman rank correlation coefficient test was 

utilized to determine the direction of the relationship between variables. Statistical significance 

level was accepted as p <0.05 for the evaluation of the results. 

 

3. RESULTS AND DISCUSSION 

 

The number of female and male students participating in the study has been kept equal; A total 

of 400 (200F + 200M) volunteers, consisting of healthy students whose ages, diets are close to 

each other, participated in the study. The age range of the students is 18-25, and the mean age 

is 21.0 ± 1.65.  In the study in which 400 students participated in total, 2.5% of the students (10 

people) were 18 years old, 16.0% (64 people) of them were 19 years old, 25.5% (102 people) 

of them were 20 years old, 23.0% (92 people) of them were 21 years old 14.0% (56 people) of 

them were 22 years old, 9.75% (39 people) of them were 23 years old, 5.5% (22 people) of 

them were 24 years old, and 3.75% (15 people) of them were 25 years old. 

Considering the distribution of BMI values of the students who participated in the study, of the 

female students, 19.5% (39 people) of them were underweight  68.5% (137 people) of them 

were normal, 11% (22 people) of them were slightly obese, 1% of them were obese; and of the 

male students, 4.5% (9 people) of them were thin, 71% (142 people) of them were normal, 22% 

(44 people) of them were slightly obese, and 2.5% (5 people) of them were obese. There was a 

significant difference (p <0.05) between the gender of the students participating in the study 

and their value of BMI, and the correlation (r: 0.246) between this difference was weak. 

Accordingly, it can be asserted that BMI values of female students participating in the study 

were more normal and lower than those of the male students (Table 2). 

 
Table 2. Percentage distribution of Body Mass Index by gender 

 

Parameters Gender p r 

F M 

B
M

I 

<18.5 n 39 9 

p<0.05 r: 0.246 

% 19.5 4.5 

18.5-24.9 n 137 142 

% 68.5 71.0 

25.0-29.9 n 22 44 

% 11.0 22.0 
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There was a significant difference (p<0.05) between the gender of the students who participated 

in the study and their body fat ratio (r: 0.891), waist/hip ratio (r: 0.979), total body water (r: 

0.823), muscle weight (r: 0.826), and BMR (r: 0.819), and the correlation between this 

difference was immensely strong. According to this, while the body fat ratio and waist/hip ratio 

of the female students who participated in the study was concentrated above normal values 

compared to the male students, male students' muscle weight, total body water, and BMR values 

were concentrated above normal values compared to female students (Table 3). 

Table 3. Percentage distribution of body fat ratio, waist/hip ratio, total body water, muscle weight and BMR by 

gender 

 

Parameters 

Below 

Normal 

Value 

Normal 

Value 

Above 

Normal 

Value 

p r 

 

Body Fat Ratio 

F n 24 80 98 

p<0.05 r: 0.891 
% 6.0 20.0 24.5 

M n 36 112 50 

% 9.0 28.0 12.5 

 

Waist/Hip 

Ratio 

F n 1 191 8 

p<0.05 r: 0.979 
% 0.3 47.8 2.0 

M n 21 171 8 

% 5.3 42.8 2.0 

Total Body 

Water 

F n 39 139 22 

p<0.05 r: 0.823 
% 19.5 69.5 11.0 

M n 9 147 44 

% 4.5 73.5 22.0 

Muscle Weight F n 71 126 3 

p<0.05 r: 0.826 
% 35.5 63.0 1.5 

M n 23 146 31 

% 11.5 73.0 15.5 

BMR F n 65 129 6 

p<0.05 r: 0.819 
% 32.5 64.5 3.0 

M n 29 160 11 

% 14.5 80.0 5.5 

 

There was a significant difference (p<0.05) between the age of the students who participated in 

the study and their BMI (r: 0.204), body fat ratio (r: 0.255), and waist/hip ratio (r: 0.248), and 

the correlation between this difference was weak. No significant difference (p>0.05) between 

age and muscle weight, total body water, and BMR was found. When female and male students 

are grouped by age, it can be said that although BMI, body fat ratio, and waist/hip ratios are 

greater in the group of older students, they demonstrate similar distributions because the age 

groups are very close to each other and that they are associated with a weak correlation (Table 

4). 

According to the data gathered from the study, it can be interpreted by only looking at BMI 

values that overweight (pre-obese) rate was found to be high in students (Female: 11%; Male: 

22%) (Table 2). In a similar study, it was reported that male students have higher BMI values 

than female students [22]. However, in different studies, it was found that adipose tissue was 

more in females than in males; more than average and muscle mass was significantly higher in 

boys than girls [23, 24]. Although BMI is a simple criterion used in the definition of obesity, it 

is not an adequate criterion [25]. 
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Table 4. Change in BMI, body fat ratio and waist/hip ratio by age 
 

Parameters / 

 Clasification 

Age 
p r 

18 19 20 21 22 23 24 25 
B

M
I 

<18.5 n 2 10 16 9 6 2 3 0 

p<0.05 r: 0.204 

% 20.0 15.6 15.7 9.8 10.7 5.1 13.6 0.0 

18.5-24.9 n 7 50 72 64 37 28 13 8 

% 70.0 78.1 70.6 69.6 66.1 71.8 59.1 53.3 

25.0-29.9 n 1 4 12 18 12 6 6 7 

% 10.0 6.2 11.8 19.6 21.4 15.4 27.3 46.7 

30-34.9 n 0 0 2 1 1 3 0 0 

% 0.0 0.0 2.0 1.1 1.8 7.7 0.0 0.0 

B
o

d
y

 F
a

t 
R

a
ti

o
 

F
em

al
e 

S
tu

d
en

ts
 

<%25 n 2 4 8 6 2 1 1 0 

p<0.05 r: 0.255 

% 20.0 6.2 7.8 6.5 3.6 2.6 4.5 0.0 

%25-31 n 4 19 22 15 11 7 2 0 

% 40.0 29.7 21.6 16.3 19.6 17.9 9.1 0.0 

≥%32 n 1 14 31 28 11 9 3 1 

% 10.0 21.9 30.4 30.4 19.6 23.1 13.6 6.7 

M
al

e 
S

tu
d

en
ts

 <%18 n 1 3 11 5 5 7 3 1 

% 10.0 4.7 10.8 5.4 8.9 17.9 31.8 6.7 

%18-24 n 1 20 21 28 21 7 7 7 

% 10.0 31.2 20.6 30.4 37.5 17.9 31.8 46.7 

≥%25 n 1 4 9 10 6 8 6 6 

% 10.0 6.2 8.8 10.9 10.7 20.5 27.3 40.0 

W
a

is
t/

H
ip

 R
a

ti
o

 

F
em

al
e 

S
tu

d
en

ts
 <0.75 n 0 0 1 0 0 0 0 0 

p<0.05 r: 0.248 

% 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 

0.75-0.85 n 7 36 60 44 23 14 6 1 

% 70.0 56.2 58.8 47.8 41.1 35.9 27.3 6.7 

>0.85 n 0 0 0 4 1 3 0 0 

% 0.0 0.0 0.0 4.3 1.8 7.7 0.0 0.0 

M
al

e 
S

tu
d

en
ts

 <0.80 n 0 4 6 4 1 5 1 0 

% 0.0 6.2 5.9 4.3 1.8 12.8 4.5 0.0 

0.80-0.90 n 3 24 34 39 30 14 14 13 

% 30.0 37.5 33.3 42.4 53.6 35.9 63.6 86.7 

>0.90 n 0 0 1 1 1 3 1 1 

% 0.0 0.0 1.0 1.1 1.8 7.7 4.4 6.7 

 

This study along with similar studies [26] shows that using only BMI in the definition of obesity 

will not be sufficient. It can be said that body analysis devices are also important in this context. 

Because, according to the body analysis of the students, it was revealed that the number of 

females with a higher body fat ratio than normal was higher in those of male students. It is seen 

that the high BMI values in male students come from muscle mass [22, 26]. 

Although there are several studies on the prevalence of obesity in Turkey, the most 

comprehensive studies show that levels of obesity are higher in the female population than the 

male population [27-31]. 

It should not be forgotten that obesity is a complicated health problem and body composition 

is affected by factors such as dietary habits, levels of physical activity and social environment. 

Also, it is known that the hydration status of individuals in measurements made with 

bioelectrical impedance analysis devices is also a factor that can affect the measurements [32, 
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33]. Body analysis is an important criterion for healthy weight loss in the treatment and 

prevention of obesity and obesity-related diseases [34]. 

The fact that the students are away from the family environment during their university years 

results in them facing difficulties in terms of nutrition and health. Studies on university students 

have shown that students face significant problems when it comes to these issues. Fast food 

products consumed fondly by university students also cause obesity [35]. Fast-food foods are 

high in saturated fat and very low in fiber and nutrient content. 

Besides, reasons such as irregularity in the nutrition, skipping meals or overeating at meals, 

consumption of junk food instead of meal, and eating disorders [36] are also among the causes 

of obesity of university students who stay away from the family environment. 

 

4. CONCLUSIONS 

 

In conclusion, obesity emerges as the main cause of most diseases at every stage of life, which 

can manifest itself since childhood. In this research, it was shown that methods other than the 

calculation of BMI values such as Bioelectric Impedance Body Analyzer by determining 

waist/hip ratio, body fat ratio, total body water, muscle weight and BMR values, obesity 

tendencies of university students were demonstrated more comprehensively. In chronological 

studies done within the university students in Turkey noted an increased prevalence of obesity 

and the results of our study were observed to be similar. Considering that the causes of obesity 

are dietary habits, levels of physical activity and social environment and genetic, it is clear that 

more enlightening information will be obtained with detailed studies about the nutritional status 

of university students and obesity status. The university students gaining the habit of sufficient 

and balanced nutrition and being directed to regular physical activity will be effective in 

reducing the prevalence of obesity among university students. 
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ABSTRACT: This study examines the consumer preferences for goose meat purchases of consumers who had 
previously purchased goose meat. The main purpose of this study is to determine which factors are more important 
for consumers when purchasing goose meat. Accordingly, the conjoint analysis technique, which is one of the 
multivariate statistical analysis methods, is used to determine the factors affecting goose meat purchases and the 
reasons for preferring goose meat. According to data of the Turkish Statistical Institute (TURKSTAT) for 2019, 
44.07% of the goose population of Turkey (1,157,049) spread among the provinces of Kars (27.26%), Ardahan 
(8.68%), and Mus (8.13%). A sample of 172 people was selected by using the convenience sampling technique, 
one of the non-probability sampling methods, among the people who lived or have been living in these provinces 
and consumed goose meat. Market research and a questionnaire, which was prepared to determine consumer 
preferences, were conducted on this sample. According to the results of the analysis, the most significant factor 
determining the consumer preference for goose meat was found to be the price of goose meat per kilo (37.3%). 
This was followed by the region where the goose was raised (32.8%), the place where the goose meat was sold 
(21.6%), and the presence of the product label (8.3%) with the identification information of the product. 
Considering the results of the data obtained from the study, it is thought that the market share of the goose meat 
will increase if its recognition is increased by applying a reasonable pricing strategy, and standardizing the quality 
of the product. 
 
 
Keywords: Goose meat, Consumer preferences, Market research, Conjoint analysis. 

 
 
1. INTRODUCTION 

 
Contrary to popular belief, the development level of countries cannot be increased only by 
investment in industry and service sectors. Developed countries make serious investments in 
agriculture and animal husbandry as well, and they are observed to be at a level that at least 
meets their needs in these fields. As a result, the gains obtained from agriculture and animal 
husbandry and the budgets to be transferred to these sectors can be indirectly used in industry 
and service sectors [1]. It should also be kept in mind that the countries' dependence on foreign 
food products will be eliminated in this way. Considering the increase in the rural population 
in Turkey and the increase in investments in the production of agricultural and goose products 
that can create added value, the income obtained from these products can be used in industry 
and service sectors, thereby contributing to the country’s development level. Accordingly, it is 
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required to complete the infrastructure and technological equipment in the agriculture and 
animal husbandry sectors immediately. Also, diversifying the products, and ensuring the 
sustainability of natural resources in the production, and increasing the income from these 
products are required for these sectors.  
 
The most important factors that make up the competitive power of countries and institutions 
are the capacity of making innovations and utilizing the resources efficiently. The issues of 
production with low added value and not being able to utilize the potentials sufficiently are 
among the main problems of the less developed countries. Accordingly, it is projected that geese 
husbandry, which has been on the agenda of Turkey in recent years and producing goose meat 
and products will be an efficient production line for the domestic and foreign markets. Also, 
market research in this sector is considered quite crucial. 
 
In the present study, market research was conducted on goose meat and products, which are 
expected to reach a significant sales volume in both domestic and foreign markets. First, the 
current situation in the production and consumption of goose meat in Turkey was determined; 
then, the factors that affect the consumption preferences for goose meat and the effect sizes of 
these factors were determined by using the conjoint analysis technique, one of the multivariate 
statistical analysis methods. Within this context, the people who consumed goose meat or 
products were asked to answer the following questions: “For which features do you prefer these 
products?”, “The change of which parameters may increase the consumption? “Which features 
of these products should be brought to the fore if they are to be marketed in domestic and foreign 
markets?” This study is thought to contribute to the sector in terms of identifying the current 
status of goose husbandry and goose products consumption in Turkey, as well as determining 
the problems and providing solution proposals for the future. More research on goose husbandry 
will make important contributions to this production to be regarded as a sector. Goose 
husbandry, which has been carried out by traditional production methods, has not reached the 
desired level due to information pollution and lack of infrastructure [2]. It is important to carry 
out such studies to popularize this husbandry, which is highly competitive and value-added, as 
well as for promoting it as a sector. Moreover, it is thought that the studies in this field will 
provide important references for policymakers, executives who lead the sectors, institutions, 
and researchers. 
 
The conjoint analysis used in the study is one of the multivariate analysis techniques preferred 
by researchers to determine the characteristics of consumer behavior [3]. The conjoint analysis 
provides important information to researchers on the following issues: matters to be considered 
in new product development studies; changes to be made in products or services and how these 
changes will be reacted by consumers; how and to what extent the general situation in the 
market will affect the products and services; how the balances in the market will change over 
time and with new products; how pricing will reflect on the market. 
 
2. CURRENT STATUS OF GOOSE MEAT PRODUCTION AND CONSUMPTION 

 
Many developing countries attach importance to animal husbandry in integrated production 
systems to achieve sustainable increases in the production of required food to meet the demands 
of a rapidly increasing population. Geese adapts well to this kind of systems and particularly to 
humid regions. They can be raised by natural grazing and are more resistant to diseases than 
other bird species. Even though goose has a long history dating back to 3000 BC in Egypt and 
it has inspired many books and stories, goose meat consumption has not been as popular as 
chicken and duck consumption [4]. The low economic significance of goose husbandry due to 
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low breeding levels compared to other poultry or the limited geographical spread is considered 
the reason for this case. Although geese can withstand winter conditions in minimal outdoor 
shelters and can also adapt to warmer climates, commercial goose production is important only 
in a few countries in Asia and Europe.  
 
Geese, which were first domesticated in Egypt in history, have been now raised almost 
anywhere in the world. Domesticated geese are raised for their meat, fatty liver, fat, and 
feathers, and they are usually consumed widely on Christmas [4]. Although goose breeding can 
be carried out under all climatic and geographical conditions, it is believed that goose breeding 
is more yielding in cold and wetlands.  
 
Goose production in Turkey is carried out only by small family businesses using traditional 
methods, and it seems that major investments have not been made in this field [5]. Goose 
production is carried out by these enterprises in many provinces, particularly in Kars and 
Ardahan, and consumed by the local people. Since a production system identified with this 
consumption understanding has been established, these enterprises have not grown [6].  
However, thanks to the increasing demand for goose meat in recent years, it has been observed 
that the interest in goose husbandry has also increased. Therefore, it has been observed that 
gaggles of geese have been brought to Kars and Ardahan from various provinces for fattening. 
Moreover, the number of goose population has increased in many provinces [2]. The production 
can be extended by increasing the consumption network of goose meat and its products. This 
can be achieved by increasing the market share of the products. It is seen that goose meat has 
reached large cities in recent years due to the demands of people who have traditional 
consumption habits. Thus, traditional dishes are served in large cities. Thanks to this dynamism, 
the goose trade has emerged across Turkey, which has increased the interest in production [7].  
 
The production cost of poultry such as chicken, turkey, duck, goose, and quail is lower 
compared to red meat. Moreover, the popularity of poultry has been increasing in many 
countries due to the short breeding period of these animals and the high nutritional value of 
their meat. Since poultry has high protein, low calorie, and low cholesterol levels, their 
consumption has been increasing each passing day across the world. Besides these features, the 
connective tissue rate of poultry is lower than that of red meat; therefore, it is easier to digest 
[8].  
 
The goose, which is the first poultry fed by humans, grows later than other poultry. However, 
their immune system is better than that of other poultry; thus, they do not get sick easily and 
show more resistance to cold climatic conditions [8]. Goose meat has an important role in 
human nutrition since it is a good source of protein and contains essential amino acids, 
particularly arginine, and high unsaturated fatty acids [9].  
 
Goose husbandry offers significant advantages since it can adapt to various climate conditions 
and utilize natural resources well. However, goose husbandry is limited in Turkey and carried 
out only in particular provinces. Table 2 presents the numbers of goose population by provinces 
according to TURKSTAT’s data for 2019 [10]. The number of geese population is quite low 
compared to the numbers of chicken and turkey populations (Table 1). This is due to the 
insufficient retail consumption and consumer preference for goose products in the domestic 
market. However, it offers several advantages over substitute products in terms of nutritional 
values (Table 3). 
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Table 1. The numbers of poultry population by years in Turkey (x1000) (TURKSTAT) 
 

Years Broiler Chicken Turkey Goose Duck and Guinea Fowl 
2005 257,221 3,697 1,067 656 
2006 286,121 3,227 830 525 
2007 205,082 2,675 1,023 482 
2008 180,916 3,230 1,063 470 
2009 163,469 2,755 945 413 
2010 163,985 2,942 716 397 
2011 158,917 2,563 680 382 
2012 169,034 2,761 676 357 
2013 177,433 2,925 755 368 
2014 199,976 2,990 912 400 
2015 213,658 2,828 851 398 
2016 220,322 3,183 933 414 
2017 221,245 3,872 978 492 
2018 229,507 4,043 1,080 533 
2019 221,842 4,541 1,157 519 

 
According to Table 1, the number of broiler chickens in Turkey decreased gradually between 
2006 and 2011, however it has started to increase again after 2012. Table 2 also reveals that 
there is an increasing trend in the number of geese, particularly in the last 5 years. Moreover, 
the numbers of ducks and guinea fowls also increased in these years together with geese. 

 
Table 2. Provinces with a geese population of more than 10,000 in 2019 and their percentages (TURKSTAT) 

 
Rank Province Number Percentage Rank Province Number Percentage 

1 Kars 315,375 27.26% 14 Ankara 17,475 1.51% 
2 Ardahan 100,429 8.68% 15 Cankiri 16,639 1.44% 
3 Mus 94,036 8.13% 16 Erzincan 16,315 1.41% 
4 Kutahya 42,321 3.66% 17 Agri 15,719 1.36% 
5 Samsun 34,869 3.01% 18 Amasya 15,167 1.31% 
6 Afyon 34,835 3.01% 19 Sirnak 14,528 1.26% 
7 Yozgat 28,375 2.45% 20 Eskisehir 14,438 1.25% 
8 Corum 28,264 2.44% 21 Aksaray 14,096 1.22% 
9 Sanliurfa 22,967 1.98% 22 Kirsehir 12,025 1.04% 

10 Diyarbakir 21,732 1.88% 23 Edirne 10,791 0.93% 
11 Konya 18,401 1.59% 24 Elazig 10,747 0.93% 
12 Erzurum 17,755 1.53% 25 Tokat 10,425 0.90% 
13 Adana 17,629 1.52% Turkey 1,157,049 

 
As shown in Table 2, 44.07% of the goose population in Turkey spread among the 

provinces of Kars (27.26%), Ardahan (8.68%), and Mus (8.13%). Table 1 also reveals that the 
goose population of 25 provinces is more than 10,000 and goose husbandry can be carried out 
in any region of Turkey. However, it is obvious that Northeastern Anatolia has a key role in 
goose husbandry, and it is distinguished from other regions in Turkey. 
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Table 3. The energy and nutritional values of edible parts of various meats (100 grams) [7] 
 

Meat Type Price  
(1 kg) 

Energy  
(cal) 

Protein  
(g) 

Fat  
(g) 

Calcium  
(mg) 

Iron  
(mg) 

Cattle (semi-fat) 50 240 18.7 18.2 8 2.6 
Sheep (semi-fat) 55 267 17.0 21.0 7 2.2 
Chicken 10 149 19.0 8.0 15 1.5 
Rabbit 40 137 21.0 5.8 17 1.6 
Goat 55 157 18.4 9.2 1 2.2 
Turkey 25 144 19.5 6.7 17 1.7 
Goose 70 161 22.8 7.1 13 2.6 

 
 

3. LITERATURE REVIEW 
 

With its ecological suitability, feasibility for small businesses, favorable geographical location 
for the EU and the Middle East market in terms of foreign trade, Turkey has ideal conditions 
for goose production. On the other hand, considering the changes in consumption patterns, 
increasing popularity of out-of-home consumption, increasing trend of healthy food 
consumption, being an alternative for the animal protein needs of the growing population, 
presence of consumers seeking for new products, the widespread use of local flavors as a 
touristic instrument, it reveals the existing goose production and consumption potential in 
Turkey. For these and similar reasons, many studies have been conducted recently to investigate 
the importance of goose breeding, goose meat and goose products. Some of these studies are 
given below. 
 
Gunduz et al. (2019) conducted a sensory analysis on goose meat and the substitute products 
[7], while Boz and Sarica (2018) conducted a study on the current status and future of goose 
husbandry in Turkey [6]. Sarica (2018) performed applied research on increasing the yield of 
domestic goose [5], and Sekeroglu and Duman (2018) analyzed goose products and the ways 
of consuming them, and they researched their marketing structure and the current situation in 
the legislation [4]. Yamak (2018) performed studies on the breeding and incubation methods in 
geese [11], Kirmizibayrak (2018) studied the barriers for goose husbandry in Turkey [2], Arslan 
(2018) studied feeding methods according to goose production systems [12], Saatci (2018) 
examined hygiene and preventing diseases in goose husbandry [13]. Additionally, Tekbalkan 
(2017) studied traditional dishes of goose meat [14], Guner et al. (2002) compared goose salami 
with turkey salami and chicken salami to determine its suitability for consumption, thereby 
introducing goose meat to meat products technology [15]. Askin and Ilaslan (1976) researched 
Kars geese’s several characteristics with economic importance [16]. 
 
Conjoint analysis, one of the multivariate statistical techniques, was used in this study, which 
can be regarded as market research on goose meat and its products. This analysis is a method 
that is frequently used especially in the field of marketing, and many academic studies have 
been conducted in market research in recent years using this method. The first studies on the 
conjoint analysis, which was used in the present study, were made in the 1920s. Then, R. 
Duncan Luce and John W. Tukey reported the importance of the "Conjoint Measurement" in 
their study in 1964 [17]. Although several studies were conducted and software applications 
were developed after this article, the first consumer-oriented study was carried out by Paul 
Green and Vithala R. Rao in 1971 [18]. The study conducted by Green and Srinivasan in 1978 
has been a reference for many studies using conjoint analysis [3, 19]. 



Gündüz, NATURENGS, MTU Journal of Engineering and Natural Sciences 1:2 (2020) 62-75 
 

67 
 

Other studies using conjoint analysis are given below. These studies are presented in 
chronological order, and particularly, the studies conducted in recent years are presented. 
 
Alvarez-Farizo and Hanley (2002) used conjoint analysis in their studies and showed how two 
choice modeling techniques can be used to estimate the potential environmental impacts of 
wind farm developments [20]. Poortinga et al. (2003) examined the preferences for various 
energy-saving measures using Part-worth conjoint analysis [21]. Sen and Cemrek (2004) 
conducted an applied study using conjoint analysis to determine the student preferences for 
private teaching institutions [22]. Saracli and Siklar (2005) examined the factors that affect the 
preference for Private Pension System using conjoint analysis [18]; Camlidere (2005) 
conducted a study on mobile phone purchases using conjoint analysis [23]; Tatlidil (2015) 
defined the political leader profile using conjoint analysis [24], and Catpinar (2005) researched 
preferences for private health insurances using conjoint analysis [25]. Dikici (2006) conducted 
a thesis study on determining consumer preferences for mobile phones using conjoint analysis 
[26]. Sonmez (2006) conducted a study on consumer preferences for computer purchases using 
conjoint analysis [27]. On the other hand, Akinci et al. (2007) made an application on adaptive 
conjoint analysis and discount markets in Istanbul. Soykan (2009) used conjoint analysis on 
purchasing decisions in the industry [28]. Dinc (2010) used conjoint analysis to determine the 
automobile selection criteria for consumers [29], and Filiz and Sengoz (2010) also examined 
the consumer preference for casco insurance using this analysis method [30]. Turanli et al. 
(2011) analyzed mobile phone consumer preferences for GSM plans and price elasticity using 
conjoint analysis [31], while Cevik and Yigit (2011) determined consumer preference for office 
furniture using conjoint analysis [32]. Bridges et al. (2011) presented the findings of their 
analysis as the following ten-item checklist: Research question, attributes and levels, 
construction of tasks, experiment design, preference elicitation, instrument design, data 
collection, statistical analyses, results, and conclusion, and the study presentation [33]. Aktas 
et al. (2012) conducted an applied study on the performances of conditional logit analysis and 
conjoint analysis in the modeling of the polychotomous dependent variable [34]. Sahinkanat 
(2013) analyzed the purchasing decisions of consumers using conjoint analysis in her master's 
thesis [35]. Yavuz and Cemrek (2013) examined the healthcare professionals’ preferences for 
housing using conjoint analysis [36]. Turanli et al. (2013) identified the factors affecting 
consumer preferences for the newspaper using this analysis [31], and Ceylan (2013) published 
a study on market segmentation based on benefit in the retail sector by using conjoint and cluster 
analysis [37]. Baki et al. (2017) analyzed consumer preferences for honey in Izmir, Turkey by 
conjoint analysis [38]. Yildiz ve Kucukkancabas (2020) investigated the effects of eco-labels 
on consumer behaviors using conjoint analysis [39]. Finaly, Li et al. (2020) in their study 
examined the public preference for electric vehicle incentives in China based on a large sample 
(n = 1039) using the conjoint analysis for incentive policies [40]. The results of the study 
revealed that less than a third of consumers had a better understanding of incentive policies, 
while more than half had little information about these policies. According to consumers, the 
relative importance levels of various policy categories are ranked as follows: charging incentive 
policies, driving incentive policies, vehicle registering incentive policies, and purchasing 
incentive policies. 

 
4. CONJOINT ANALYSIS 

 
In the present study, conjoint analysis, which is one of the multivariate statistical techniques, 
was used to examine consumer preferences for goose meat. Also, the benefits attributed to the 
characteristics of this product (goose meat) by the consumers were determined. Because this 
analysis is based on the estimation of the utility functions of individuals, it measures the 
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relationship between the reactions of consumers to products or services and the features of these 
products and services. Determining consumer preferences using conjoint analysis allows the 
consumer to provide a preference degree for each quality level of the product or service, as well 
as to make preliminary preparation about possible future situations [3]. Due to this feature, it 
provides an opportunity to gain an insight into the product or service combinations that are 
planned to be released in the future, to determine the most important factor for the consumer, 
thereby offering the opportunity to run advertisement and promotion campaigns using the 
relevant variable.  
 
The conjoint analysis allows determining the optimal features of a product or service, consumer 
choices, and estimating the weights attached to various factors in the decision-making process 
[38]. For example, consumers consider factors such as the number of rooms, location, price, 
transportation, etc. for house purchases and choose by evaluating them according to their 
importance levels. Similarly, the consumers determine the optimal choices for themselves when 
buying a car by considering the criteria such as body type, brand, fuel type, fuel consumption, 
brand, price, etc. If these tendencies of the consumers are determined accurately, the contractors 
can choose effective construction areas and types accordingly, and automobile manufacturers 
can revise their production lines in line with these demands. 
 
What distinguishes Conjoint Analysis from other statistical analyses is that it provides the 
opportunity to compare the qualities quantitatively [18]. With the relationship between the 
variables determined for a particular product or service, the relationship levels between these 
variables, and the importance levels of these variables are converted into data that can be 
expressed numerically. In particular, conjoint analysis is used to understand how respondents 
develop their preferences for products and services [41]. Conjoint analysis is a common market 
research technique used in designing new products and improving existing products. Also, it is 
used for getting an advantageous position in the market compared to the competitors, measuring 
the effect of price on purchasing behavior, and estimating market share [42].  
 
The value given by customers to each separable feature of a product is determined by conjoint 
measurement; thus, the most affordable product with the most suitable features is determined. 
The purpose of this study is not to measure the purchasing intentions of customers, but to 
determine the preference by evaluating the price and non-price features that are important in 
the choice of the product. 
 
Multivariate statistical analysis techniques have been developed since multiple statistical 
techniques have to be used at the same time in many disciplines. The assumption of normality 
required in these techniques, the application of algorithms that generate complex and general 
results have led to the emergence of various issues and challenges. In some studies, modern 
methods were developed to determine relationships when several variables could not be 
measured actually and therefore they were defined qualitatively [43]. One of these modern 
methods is the conjoint analysis, which is also used in this study. As a multivariate statistical 
method developed by mathematician psychologists, conjoint analysis allows analyzing the 
effects of factors concerning human attitudes and behavior, as well as estimating the value of 
products and services for the consumers [17]. The conjoint analysis differs from other 
multivariate statistical methods in terms of reflecting consumer preferences and decisions more 
realistically. These differences can be observed in the following areas: 
segmentation/segregation difference, types of relationships between dependent/independent 
variables, and the possibility to make estimations at the individual level. In other words, 
consumer preferences can be divided according to each feature of the products using conjoint 
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analysis, and these discrete relationships can be easily calculated even if there is no linear 
relationship between dependent/independent variables. Moreover, estimations can be made at 
individual levels using different preference models for each unit instead of making a cumulative 
estimation. 
 
Conjoint analysis can be expressed by the following equation. In this equation, the Y variable 
can be measured using a classifier, sorter, or an equidistant scale, while 𝑋𝑋1,𝑋𝑋2, … ,𝑋𝑋𝑋𝑋 variables 
may be measured using a classifier or a sorting scale [44]. 
 

𝑌𝑌𝑖𝑖 = 𝑋𝑋1 + 𝑋𝑋2 + ⋯+ 𝑋𝑋𝑝𝑝,            𝑖𝑖 = 1,2, … ,𝑛𝑛 
 
Conjoint analysis is divided into the following three categories: Adaptive Conjoint Analysis, 
Selection-Based Conjoint Analysis, and Conjoint Value Analysis [18]. Determining the most 
appropriate Conjoint Analysis method for the research subject is important to obtain the desired 
results.  
 
It is necessary to follow a specific strategy not to make the process complicated and to obtain 
accurate estimates when performing conjoint analysis. First of all, determinant factors of the 
product or service to be analyzed and the levels of these factors should be identified. Secondly, 
the combinations of these factors and levels should be determined. Considering that the number 
of combinations will be high when the number of these factors and levels are high, models that 
reduce these numbers should be used to facilitate consumer assessment. In the third step, 
determined combinations of various factors and levels should be presented in cards or opinion 
forms to the respondents. Finally, the estimation model is determined. 
 
5. APPLICATION 

 
According to data of the Turkish Statistical Institute (TURKSTAT) for 2019, the provinces of 
Kars (27.26%), Ardahan (8.68%), and Mus (8.13%) have the 44.07% of the goose population 
of Turkey (1,157,049). The primary material of the study is the data obtained by a questionnaire 
study conducted with people who lived or have been living in these cities and consumed goose 
meat. The questionnaire form, which was prepared after a detailed literature review, was revised 
after a pilot study. A sample of 172 people was selected by using the convenience sampling 
technique, one of the non-probability sampling methods, among the people who lived or have 
been living in these provinces and consumed goose meat. Then, the questionnaire was applied 
face-to-face.  The data obtained from the responses of 172 people, whose responses were 
appropriate and complete, were used in the analysis. The number of participants meets the 
condition of the minimum number of responses (>150) for the Conjoint analysis [45]. 
Publications on goose meat consumption and conjoint analysis in national and international 
literature, reports, and statistics prepared by relevant institutions and organizations are other 
materials used in this study. 
 
The first part of the questionnaire form includes questions to determine the socio-economic 
characteristics of the participants. Findings regarding the demographic characteristics of 
consumers are presented in Table 4.  According to this table, 42% of the participants were 
women, 78.2% were married, and 25.3% had an associate degree or a higher degree. Moreover, 
it was determined that a significant part of the participants were housewives (42.9%) and the 
income level of the majority (62.1%) was 2,500 TRY or below. 
 
 



Gündüz, NATURENGS, MTU Journal of Engineering and Natural Sciences 1:2 (2020) 62-75 
 

70 
 

 
Table 4. Demographic Features of the Participants 

 
Gender Percentage Marital Status Percentage 

Female 42% Married 78.2% 

Male 58% Single 21.8% 

Age (years) Percentage Level of Education Percentage 

25 and below 10.2% Primary school or below 37.6% 

25 - 40 23.7% High School 37.1% 

41 - 65 58.9% Associate Degree or Bachelor’s 
Degree 

24.5% 

65 and above 7.2% M.Sc. Degree or above 0.8% 

Profession Percentage Monthly Income (TRY) Percentage 

Civil servant 22.7% Up to 2,500 62.1% 

Private 
sector/Self-
employed 

13.1% 2,501-5,000 28.3% 

Housewife 42.9% 5,001-7,500  6.0% 

Retired 12.2% 
More than 7,500  3.6% 

Student 9.1% 

 
As stated in the previous sections, the aim of this study is; to determine the order of importance 
of factors affecting consumer preferences while purchasing goose meat by using conjoint 
analysis. In this study, the order of preference was used as the dependent variable to determine 
the goose meat preferred by consumers. This variable has been measured with an interval scale 
and takes values between 1 and 16. Expert opinions and related literature were used while 
determining the independent variables and levels affecting goose meat purchasing preferences. 
The independent variables included in the analysis were determined as region, price, 
distribution and product label. The number of variables used in the study is 4 and the number 
of levels related to the variables is 3, 3,3, 2, respectively. The total number of cards containing 
all possible combinations of levels is 3 * 3 * 3 * 2 = 54. However, since the application of 54 
cards is difficult, the orthogonal design was used. Syntax menu of SPSS package program was 
used to create the cards used in conjoint analysis. 18 cards were created using this program. 172 
people in the study sample were asked to rank 18 cards from the most preferred to the least 
preferred. In the Conjoint analysis used in this study, the full concept technique was preferred 
as the data collection method. The full concept technique is a method where all features are 
evaluated together. 
 
Table 5 presents the results of the conjoint analysis conducted to determine the goose meat 
purchasing preferences of the people who responded to the questionnaire. The features that the 
consumers consider when they buy goose meat such as the region where the goose is raised, the 
price, the place where the product is sold, and the presence of the product label, as well as the 
partial benefits and their relative importance values, are included in Table 5.  
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Table 5. Partial benefits and their relative importance values calculated by conjoint analysis 

 

Feature Sub-level Utility 
(Benefit) 

Relative 
Importance 

Region 

Eastern - Central Anatolia Regions 0.985 

32.8% Mediterranean - Southeastern Anatolia Regions 0.326 

Marmara – Aegean – Black Sea Regions 0.112 

Price (TRY/Kg) 

40  0.385 

37.3% 60  1.128 

80  -0.278 

Distribution 

Grocery – Supermarket 0.358 

21.6% Bazaar 0.058 

House – Farm 0.296 

Product label 
Available 0.218 

8.3% Not available -0.218 

 
According to the relative importance values of the features listed in Table 5, it is understood 
that the most effective factor in the consumer's preference for the purchase of goose meat is the 
price of goose meat per kilogram (37.3%). Following this factor, the region where the goose is 
raised (32.8%), where the product is sold (21.6%), and the presence of the product label (8.3%) 
affect consumer preferences. 
 
The utility (benefit) coefficients are calculated to determine which levels of the variables each 
respondent desires most. Considering the partial benefit values of the price factor, which is the 
most effective factor on consumer preference, the highest benefit was found to be the price of 
60 TRY per kg, while the lowest benefit was found to be the price of 80 TRY per kg. This can 
be interpreted that the consumers want to buy the goose meat cheaper than red meat, however, 
they do not prefer a product if the price per kg is very low considering the quality. 
 
Following the price factor, the feature that most affects the purchasing preference is the region 
where the goose is raised. According to the levels of this factor, the highest benefit is obtained 
from the geese raised in the Eastern and Central Anatolia regions. According to the levels of 
the factor of the place where the product is sold, the highest benefit is obtained from the goose 
meat sold in popular supermarkets and the lowest benefit is obtained from the goose meat sold 
in bazaars. Finally, the presence of a product label that includes information on the expiration 
date of the goose meat and the place of slaughter was also found to have high benefit. 
 
6. CONCLUSION 

 
When the relevant literature is examined, it is obvious that goose meat will take place in the 
market, considering its superiority in terms of nutritional values compared to the substitute 
products and the positive evaluations of the participants according to the substitute products. 
Therefore, it will be beneficial to accelerate the production and sales process of goose meat and 
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goose products that will contribute to the national economy in terms of added value. To achieve 
this acceleration, it is necessary to increase academic studies and market research in this field. 
In this direction, using conjoint analysis, which is a method frequently used in marketing 
research, consumers' buying behavior of goose meat was investigated in this study. 
The participants of this study, which was conducted with 172 people who had previously 
purchased goose meat, 42% were women, 78.2% were married, and 25.3% had an associate 
degree or a higher degree. Moreover, it was determined that a significant part of the participants 
were housewives (42.9%) and the income level of the majority (62.1%) was 2,500 TRY or 
below. 
 
Considering the results of the conjoint analysis in terms of the relative importance values, the 
price of goose meat per kilogram was found to be the most effective factor (37.3%) affecting 
consumer preference for goose meat purchases. Following this, the factors of the region where 
the goose is raised (32.8%), where the product is sold (21.6%), and the presence of the product 
label (8.3%) were found to affect consumer preferences for goose meat purchases. 
 
According to the partial benefit values of the levels of the price factor, which is considered to 
have the most effect on the consumer preference for goose meat purchase, it is observed that 
the highest benefit is obtained at the price of 60 TRY per kg. Also, considering the level of the 
factor of the region where the goose is raised, the highest benefit is obtained from the geese 
raised in the Eastern and Central Anatolia regions, as expected. On the other hand, considering 
the factor of the place where the product is sold, the highest benefit is obtained from the goose 
meat sold at popular supermarkets. Also, considering the level of the product label factor, the 
presence of the product label was found to provide a high level of benefit. 
 
It is important to know which properties of the product are important for the consumer and 
whether the product is preferred or not. It is necessary to find answers to these questions for a 
successful product and service design. In this study, it was tried to answer these questions for 
goose breeders. 
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ABSTRACT: In this paper, Chen-like inequalities of a half lightlike submanifolds of a real space form ( )N c  
with constant sectional curvature c , equipped with semi-symmetric metric connection are established and some 
important characterization theorems for such submanifolds are proved using these inequalities. 
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1. INTRODUCTION 

 
Lightlike submanifolds theory is an important field of study as it is the mathematical modeling 
of black holes. The lightlike submanifolds theory was first studied by Kupeli [1] and Duggal-
Bejancu [2]. Later many geometers have worked in this area [3-5]. 
 
The connection on the manifold is a very important concept geometrically, as it enables us to 
operate algebraically on the manifold. One of the different connections that can be defined on 
manifolds is the semi-symmetric metric connection. A semi-symmetric metric connection 
defined by Hayden in [6] was studied by Yano in [7]. The first studies on Riemannian, semi-
Riemannian and Lorentzian manifolds with semi-symmetric metric connection belong to Z. 
Nakao [8], Duggal and Sharma [9] and Konar and Biswas [10], respectively. Yaşar, Çöken and 
Yücesan introduced lightlike hypersurfaces of a semi-Riemannian manifold with a semi-
symmetric metric connection in [11]. Later, Akyol, Vanlı and Fernandez studied curvature 
properties of a semi-symmetric metric connection on S manifolds in [12]. 
 
The Chen inequalities established by Chen in [13] are inequalities that extrinsic and intrinsic 
curvatures of the manifold and are very useful in characterizing the manifold. Then, various 
non-degenerate manifolds have been studied by establishing Chen inequalities on them [14-26]. 
However, Chen inequalities in lightlike geometry were first studied by Gülbahar, Kılıç and 
Keleş in [27] and [28]. Then Poyraz, Doğan and Yaşar introduced inequalities on the lightlike 
hypersurface of a Lorentzian manifold with a semi-symmetric metric connection in [29]. 

https://dergipark.org.tr/tr/pub/naturengs
mailto:burcin.dogan@ozal.edu.tr
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Finally, some inequalities of screen conformal half lightlike submanifolds were derived by 
Gülbahar and Kılıç in [30]. 
 
In this paper, Chen-like inequalities of a half lightlike submanifolds of a real space form ( )N c  
with constant sectional curvature c , equipped with semi-symmetric metric connection are 
established and some important characterization theorems for such submanifolds are proved 
using these inequalities. 
 
2. MATERIAL AND METHODS 

 
Let ∇  be a connection on a semi-Riemannian manifold ( , )N g  . ∇  is called a semi-symmetric 
metric connection if it is metric, i.e., ( , ) 0g∇ =   and for , ( )U V TN∀ ∈Γ   , its torsion tensor T  
satisfies 
 

( , ) ( ) ( ) ,T U V V U U Vπ π= −                                                                                                             (2.1) 
 
where P  is a vector field on N , which called the torsion vector field and π  is a 1-form defined 
by 
 

( , ) ( ).g P U Uπ=     
 
Now, suppose that the semi-Riemannian manifold N  admits a semi-symmetric metric 
connection which is given by  
 

( ) ( , )UUV V V U g U V Pπ∇ =∇ + −



                                                                                                        (2.2) 

 

for arbitrary vector fields U  and V  of N , where ∇


  denotes the Levi-Civita connection 
concerning the semi-Riemannian metric g [7]. 
 
Let ( , )N g   be a ( 3)m + − dimensional semi-Riemannian manifold of the index 1q ≥  and N  be 
a lightlike submanifold of codimension 2  of N . Then the radical distribution 

( )Rad TN TN TN ⊥= ∩  of N  is a vector subbundle of the tangent bundle TN  and the normal 
bundle TN ⊥  of rank 1 or 2 . If ( ( )) 1rank Rad TN = , then N  is called half lightlike submanifold 
of N . Then there exist complementary non-degenerate distributions ( )S TN  and ( )S TN ⊥  of 

( )Rad TN  in TN  and TN ⊥ , which are called the screen and the screen transversal distribution 
on N  respectively. Thus we have 
 

( ) ( ), ( ) ( ). TN Rad TN S TN TN Rad TN S TN⊥ ⊥= ⊥ = ⊥                                                                  (2.3) 
 
Consider the orthogonal complementary distribution ( )S TN ⊥  to ( )S TN  in TN . Then ξ  and Z  
belong to ( ( ) )S TN ⊥Γ . Thus we obtain 
 

( ) ( ) ( ) ,S TN S TN S TN⊥ ⊥ ⊥ ⊥= ⊥                                                                                                   (2.4) 
 
where ( )S TN ⊥ ⊥  is the orthogonal complementary to ( )S TN ⊥  in ( )S TN ⊥ . For any null section 
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( )Rad TNξ ∈  on a coordinate neighborhood U N⊂ , there exists a uniquely determined null 
vector field ( ( ))L ltr TN∈Γ  satisfying 
 
( ) ( ), 1, , ( , ) ( , ) 0 ( ).   , g L g L L g L U g L Z U TNξ = = = = ∀ ∈Γ                                                          (2.5) 

 
We call  L , ( )ltr TN  and ( ) ( ) ( )tr TN S TN ltr TN⊥= ⊥  the lightlike transversal vector field, lightlike 
transversal vector bundle and transversal vector bundle of N  concerning ( )S TN , respectively. 
Hence we have 
 

( )
{ ( ) ( )} ( ) ( ).

TN TN tr TN
Rad TN ltr TN S TN S TN ⊥

= ⊕

= ⊕ ⊥ ⊥


                                                                               (2.6) 

 
Let ∇  be the Levi-Civita connection of N . Using (2.6) we define the projection morphism 

: ( ) ( ( ))Q TN S TNΓ →Γ . Hence we derive 
 

( , ) ( , ) ,U UV V B U V L D U V Z∇ =∇ + +                                                                                           (2.7) 
,t

U F UF A U F∇ = − +∇                                                                                                                 (2.8) 
( ) ( ) ,U LL A U U L U Zτ ρ∇ = − + +                                                                                                  (2.9) 
( ) ,U ZZ A U U Lψ∇ = − +                                                                                                             (2.10) 

( , ) ,U UQV QV C U QV ξ∗∇ = ∇ +                                                                                                  (2.11) 
( ) ,U A U Uξξ τ ξ∗∇ = − −                                                                                                              (2.12) 

 
for any , ( )U V TN∈Γ , ( ( ))Rad TNξ ∈Γ , ( ( ))F tr TN∈Γ , ( ( ))L ltr TN∈Γ  and ( ( ))Z S TN ⊥∈Γ . Then 
∇  and ∗∇  are called induced linear connections on TN  and ( )S TN  respectively, B  and D  are 
called the local second fundamental forms of N , C  is called the local second fundamental form 
on ( )S TN . LA , Aξ

∗  and ZA  are called linear operators on TN . Also τ , ρ  and ψ  are called 1−
forms on TN . 
 
The induced connection ∇  of N  is not metric and satisfies 
 
( )( , ) ( , ) ( ) ( , ) ( ),U g V W B U V W B U W Vη η∇ = +                                                                                (2.13) 
 
for any , , ( )U V W TN∈Γ , where η  is a 1− form defined by 
 

( ) ( , ), ( ). U g U L U TNη = ∀ ∈Γ                                                                                                  (2.14) 
 
But the connection ∗∇  is metric. Using (2.1) and (2.13), we show that 
 

( , ) ( ) ( )T U V V U U Vπ π= −                                                                                                       (2.15) 
 
and B  and D  are symmetric, where T  is the torsion tensor concerning ∇ . From (2.13) and 
(2.15), we show that the induced connection ∇  of N  is a semi-symmetric non-metric 
connection of N . From the facts ( , ) ( , )UB U V g V ξ= ∇  and ( , ) ( , )UD U V g V Z= ∇ , we know that 
B  and D  are independent of the choice of ( )S TN  and satisfy 
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( , ) 0, ( , ) ( ) ( ). , B U D U U U TNξ ξ εψ= = − ∀ ∈Γ                                                                           (2.16) 
Therefore one obtains 
 

( , ) ( , ), ( , ) 0,   B U V g A U V g A U Lξ ξ
∗ ∗= =                                                                                       (2.17) 

( , ) ( , ), ( , ) 0,   L LC U QV g A U QV g A U L= =                                                                                   (2.18) 
( , ) ( , ), ( , ) ( ),   Z ZD U QV g A U QV g A U L Uρ= =                                                                             (2.19) 
( , ) ( , ) ( ) ( ), , ( ).  ZD U V g A U V U V U V TNψ η= − ∀ ∈Γ                                                                  (2.20)   

                                                                                                                                                                                                                 
By (2.17) and (2.18), Aξ

∗  and LA  are ( ( ))S TNΓ − valued shape operators related to B  and D , 
respectively and 0.Aξξ

∗ =  
 
Using (2.7), (2.12) and (2.16), one derives 
 

( ) ( ) ,U A U U U Zξξ τ ξ εψ∗∇ = − − −                                                                                              (2.21) 
 
for any ( )U TN∈Γ . 
 
Definition 1. A half lightlike submanifold  ( , )N g   of a semi-Riemannian manifold ( , )N g   is said 
to be irrotational [31] if ( )U TNξ∇ ∈Γ  for any ( )U TN∈Γ . From (2.16) and (2.21), the definition 
of irrotational is equivalent to the condition ( ) 0Uψ = , that is, ( , ) 0D U ξ =  for any ( )U TN∈Γ . 
 
Definition 2. A half lightlike submanifold ( , )N g  of a semi-Riemannian manifold ( , )N g   is 
called umbilical N , if there is a smooth vector field ( ( ))H tr TN∈Γ  on any coordinate 
neighborhood U  such that 
 

( , ) ( , )h U V Hg U V=                                                                                                                  (2.22) 
 
for any , ( )U V TN∈Γ , where 
 

( , ) ( , ) ( , )h U V B U V L D U V Z= +                                                                                                      (2.23)      
                              
is the global second fundamental form tensor of N . In the case 0H =  on U , we say that N  is 
totally geodesic [32]. 
 
It is easy to see that N  is totally umbilical iff, on each coordinate neighborhood U , there exist 
smooth vector functions λ  and δ  such that 
 

( , ) ( , ), ( , ) ( , ),B U V g U V D U V g U Vλ δ= =                                                                                  (2.24) 
 
for any , ( )U V TN∈Γ . 
 
Definition 3. We say that the screen distribution ( )S TN  of N  is totally umbilical [32] in N  if 
there is a smooth function γ  on any coordinate neighborhood U N⊂  such that 
 

( , ) ( , ),D U QV g U Vγ=                                                                                                                (2.25) 
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for any , ( )U V TN∈Γ . If 0γ =  on U , then we say that ( )S TN  is totally geodesic in N . 
 
Furthermore, ( , , ( ))N g S TN  is called minimal if it is irrotational and 
 

( ) 0,S TNtrace h =                                                                                                                           (2.26) 
 
where ( )S TNtrace  denotes the trace restricted to ( )S TN  concerning the degenerate metric g [33]. 
 
Let ( , , ( ))N g S TN  be a ( 1)m + −dimensional half-lightlike submanifold and 1{ ,..., }me e  be an 
orthonormal basis of ( ( ))S TNΓ . Let us consider 
 

1 2
1 1

1 1( , ), ( , ). 
m m

j j j j
j j

B e e D e e
m m

µ µ
= =

= =∑ ∑                                                                                     (2.27) 

 
Then it is clear from (2.26) and (2.27) that ∇  is minimal if and only if 1 2 0µ µ= = . 
 
A lightlike hypersurface ( , )N g  of a semi-Riemannian manifold ( , )N g   is called screen locally 
conformal if the shape operators LA  and *Aξ  of N  and ( )S TN , respectively, are related by 
 

,LA Aξφ ∗=                                                                                                                                 (2.28) 
i.e., 
 

( , ) ( , ), , ( ), C U PV B U V U V TNφ= ∀ ∈Γ                                                                                    (2.29) 
 
where φ  is a non-vanishing smooth function on a neighborhood U  in N . In particular, if φ  is 
a non-zero constant, N  is called screen homothetic [34]. 
 
We denote by R , R  and R∗  the curvature tensors of the semi-symmetric metric connection ∇  
on N , the induced connection ∇  on N  and the induced connection ∗∇  on ( )S TN , respectively. 
Using the Gauss-Weingarten equations (2.7)-(2.12) for N  and ( )S TN , we obtain the Gauss-
Codazzi equations for N  and ( )S TN : 
 

( ( , ) , ) ( ( , ) , )
( , ) ( , ) ( , ) ( , )
( , ) ( , ) ( , ) ( , ),

g R U V W QT g R U V W QT
B U W C V QT B V W C U QT
D U W D V QT D V W D U QT

=
+ −
+ −



                                                    (2.30) 

 
( ( , ) , ) ( )( , ) ( )( , )

[ ( ) ( )] ( , ) [ ( ) ( )] ( , )
( ) ( , ) ( ) ( , ),

U Vg R U V W B V W B U W
U U B V W V V B U W
U D V W V D U W

ξ
τ π τ π
ψ ψ

= ∇ − ∇
+ − − −
+ −



                                             (2.31) 

 
( ( , ) , ) ( ( , ) , )

( ) ( , ) ( ) ( , ),
g R U V W L g R U V W L

V D U W U D V Wρ ρ
=
+ −

                                                                        (2.32) 
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( ( , ) , ) ( , ) ( , )
2 ( , ) ( ) ( ) ( ) ( ),

L Lg R U V L g A U A V g A V A U
d U V U V V U

ξ ξξ

τ ρ ψ ρ ψ

∗ ∗= −

− + −


                                                            (2.33) 

 
( ( , ) , ) ( ( , ) , ) ( , ) ( , )

( , ) ( , ),
g R U V QW QT g R U V W QT B V QT C U QW

B U QT C V QW

∗= +
−

                                                  (2.34) 

 
( ( , ) , ) ( )( , ) ( )( , )

[ ( ) ( )] ( , ) [ ( ) ( )] ( , ),
U Vg R U V QW L C V QW C U QW
V V C U QW U U C V QWτ π τ π

= ∇ − ∇
+ + − +


                                    (2.35) 

for any , , , ( )U V W T TN∈Γ  [35]. 
 
Now let us choose a 2 −dimensional non-degenerate plane section 
 

{ , },Span U VΠ =                                                                                                                    (2.36) 
 
in pT N , p N∈ . Then the sectional curvature at p  is expressed by [36] 
 

2

( ( , ) , )( ) .
( , ) ( , ) ( , )

g R U V V UK
g U U g V V g U V

Π =
−

                                                                                            (2.37) 

 
Let p N∈  and ξ  be a null vector of .pT N  A plane Π  of pT N  is said to be null plane if it 
contains ξ  and ie  such that ( , ) 0ig eξ =  and ( , ) 1i i ig e e ε= = ± . The null sectional curvature of Π  
is defined by 
 

( ( , ) , )
.

( , )
p i inull

i
p i i

g R e e
K

g e e
ξ ξ

=  

 
The Ricci tensor Ric  of N  and the induced Ricci type tensor (0,2)R  of N  are given by 
 

(0,2)

( , ) { ( , ) }, , ( ),
( , ) { ( , ) }, , ( ),

  
  

Ric U V trace W R W U V U V TN
R U V trace W R W U V U V TN

= → ∀ ∈Γ

= → ∀ ∈Γ

 
                                                              (2.38) 

 
where 
 

(0,2)

1

( , ) ( ( , ) , ) ( ( , ) , )
m

i i i
i

R U V g R e U V e g R U V Lε ξ
=

= +∑                                                                      (2.39) 

for the quasi-orthonormal frame 1{ ,..., , }me e ξ  of pT N . From the equations (2.30)-(2.33), it can 
be shown that the Ricci type tensor doesn't need to be symmetric as the sectional curvature map. 
This tensor is called Ricci tensor if it is symmetric. 
 
One defines scalar curvature τ  by 
 

, 1 1

( ) ,
m m

null
ij i iL

i j i

p K K Kτ
= =

= + +∑ ∑                                                                                                    (2.40) 

 
where ( ( , ) , )iL i iK g R e e Lξ=   for {1,..., }i m∈ . 
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3. CHEN LIKE INEQUALITIES FOR HALF-LIGHTLIKE SUBMANIFOLDS 
 

Let N  be a ( 1)m + − dimensional half lightlike submanifold of a ( 3)m + − dimensional of a 
Lorentzian manifold N  with a semi-symmetric metric connection and 1{ ,...., , }me e ξ  be a basis 
of ( )TNΓ  where 1{ ,...., }me e  be an orthonormal basis of ( ( ))S TNΓ . For k m≤ , we establish 

, 1{ ,...., , }k ksp e eξπ ξ=  is a ( 1)k + − dimensional degenerate plane section and 1{ ,...., }k ksp e eπ =  is 
k − dimensional non-degenerate plane section. The k − degenerate Ricci curvature and the k −
Ricci curvature are defined by  
 


,

(0,2)

1

( ) ( , ) ( ( , ) , ) ( ( , ) , ),
k

k

j j
j

Ric U R U U g R e U U e g R U U L
ξπ ξ

=

= = +∑                                                 (3.1) 

 
(0,2)

1

( ) ( , ) ( ( , ) , ),
k

k

j j
j

Ric U R U U g R e U U eπ
=

= =∑                                                                              (3.2) 

 
respectively for a unit vector ( )U TN∈Γ . Also, k − degenerate scalar curvature and k − scalar 
curvature are at p N∈  are given by  
 

,
, 1 1

( ) ,
k

k k
null

ij i iL
i j i

p K K K
ξπτ

= =

= + +∑ ∑                                                                                              (3.3) 

 

, 1

( ) ,
k

k

ij
i j

p Kπτ
=

= ∑                                                                                                                       (3.4) 

 
respectively. For k m= ,  1{ ,...., } ( ( ))m msp e e S TNπ = = Γ , we have the screen Ricci curvature and 
the screen scalar curvature given by 
 

( ) 1 1 1 12 1
1

( ) ( ) ... ,
m

m

S TN j m
j

Ric e Ric e K K Kπ
=

= = = + +∑                                                                        (3.5) 

and 

( )
, 1

,
m

S TN ij
i j

Kτ
=

= ∑                                                                                                                          (3.6) 

 
respectively. 
 
Let ( )N c  be a real space form of constant sectional curvature c  endowed with a semi-

symmetric metric connection ∇ . The curvature tensor R


  concerning the Levi-Civita 

connection ∇


  on ( )N c  is expressed by 

( ( , ) , ) { ( , ) ( , ) ( , ) ( , )}.g R U V W QT c g U T g V W g V T g U W= −


                                                             (3.7) 
 

Using (2.2), we have the relation between the curvature tensor R


  concerning the Levi-Civita 

connection ∇


  and the curvature tensor R  concerning the semi-symmetric metric connection 
∇  given by  
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( ( , ) , ) ( ( , ) , ) ( , ) ( , ) ( , ) ( , )
( , ) ( , ) ( , ) ( , ),

g R U V W QT g R U V W QT V W g U T U W g V T
U T g V W V T g U W

α α
α α

= − +
− +



                                       (3.8) 

 
for any vector fields , , , ( )U V W T TN∈Γ , where α  is a (0,2)  tensor field defined by 
 

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

UU V V U V Q g U Vα π π π π= ∇ − +


                                                                         (3.9) 

[20]. 
 
From (2.30), (3.6), (3.7) and (3.8), we can write 
 

( )
, 1 , 1

( ) ( 1) 2( 1) ,
m m

S TN ii jj ij ji ii jj ij ji
i j i j

p m m c m B C B C D D D Dτ λ
= =

= − − − + − + −∑ ∑                                        (3.10) 

 
where λ  is the trace of α  and ( , )ij i jB B e e= , ( , )ij i jC C e e= , ( , )ij i jD D e e=  for , {1,..., }i j m∈ . 
 
Let N  be a screen homothetic half lightlike submanifold of a ( 3)m + − dimensional Lorentzian 
space form ( )N c . From the Gauss-Codazzi equations and using (2.29) and (3.10) we have the 
following equations:  
 

2 2 2 2 2 2
( ) 1 2

, 1

( ) ( 1) 2( 1) [ ( ) ( ) ].
m

S TN ij ij
i j

p m m c m m m B Dτ λ φ µ µ φ
=

= − − − + + − +∑                                       (3.11) 

 
Theorem 4. Let N  be a ( 1)m + − dimensional screen homothetic half lightlike submanifold of 
a ( 3)m + − dimensional Lorentzian space form ( )N c  of constant sectional curvature c , 
endowed with a semi-symmetric metric connection ∇ . 
 
a) If 0φ > , then  
 

2 2 2 2
( ) 1 2( ) ( 1) 2( 1) .S TN p m m c m m mτ λ φ µ µ≤ − − − + +                                                                       (3.12) 

 
The equality case of (3.12) holds if and only if ( )S TN  is totally geodesic and for 

, ( ( )),U V S TN∀ ∈Γ   ( , ) 0D U V = . 
 
b) If 0φ < , then  

2 2 2 2 2
( ) 1 2

, 1

( ) ( 1) 2( 1) ( ) .
m

S TN ij
i j

p m m c m m m Dτ λ φ µ µ
=

≥ − − − + + − ∑                                                    (3.13) 

 
The equality case of (3.13) holds if and only if ( )S TN  is totally geodesic. 
 
Proof. The proof is obvious from (3.11). 
 
The following corollary is obtained from the previous theorem. 
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Corollary 5. Let N  be a ( 1)m + − dimensional irrotational screen homothetic half lightlike 
submanifold of a ( 3)m + − dimensional Lorentzian space form ( )N c  of constant sectional 
curvature c , endowed with a semi-symmetric metric connection ∇ . 
 
a) If 0φ > , then 
 

2 2 2 2
( ) 1 2( ) ( 1) 2( 1) .S TN p m m c m m mτ λ φ µ µ≤ − − − + +                                                                        (3.14) 

 
The equality of (3.14) holds if and only if N  is totally geodesic. 
 
b) If 0φ < , then 

2 2 2 2 2
( ) 1 2

, 1

( ) ( 1) 2( 1) ( )
m

S TN ij
i j

p m m c m m m Dτ λ φ µ µ
=

≥ − − − + + − ∑ .                                                         (3.15) 

 
The equality of (3.15) holds if and only if ( )S TN  is totally geodesic on N . 
 
Furthermore, the second fundamental form B  and the screen second fundamental form C  
provide 
 

2 2 2

, 1 , 1 , 1

1 ( ) ( ) ( )
2

m m m

ij ji ij ji ij ji
i j i j i j

B C B C B C
= = =

  = + − + 
  

∑ ∑ ∑                                                                         (3.16) 

 
and 
 

2 22

, 1 , 1 1 1

1 .
2

m m m m

ii jj ii jj ii jj
i j i j i j

B C B C B C
= = = =

      = + − −             
∑ ∑ ∑ ∑                                                                (3.17) 

 
Theorem 6. Let N  be a ( 1)m + − dimensional half lightlike submanifold of a ( 3)m + −

dimensional Lorentzian space form ( )N c  of constant sectional curvature c , endowed with a 
semi-symmetric metric connection ∇ . Then 
 

( ) 1

2 2 2
2

, 1

( ) ( 1) 2( 1) ( )

1 ( ) .
4

S TN L

m

ij ji
i j

p m m c m m trace A

m B C

τ λ µ

µ
=

≤ − − − +

+ + −∑



                                                                        (3.18) 

 
The equality case of (3.18) satisfies if and only if either 1φ = −  or B  vanishes on N  and C  and 
D  vanish on ( )S TN . 
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Proof Using (3.10) and (3.16), we have 
 

( )
, 1

2 2 2

, 1 , 1

2

, 1

( ) ( 1) 2( 1)

1 ( ) ( ) ( )
2

( ) .

m

S TN ii jj
i j

m m

ij ji ij ji
i j i j

m

ii jj ij
i j

p m m c m B C

B C B C

D D D

τ λ
=

= =

=

= − − − +

  − + − + 
  

+ −

∑

∑ ∑

∑

                                                                      (3.19) 

 
since 
 

2 2 2 21 1 1(( ) ( ) ) ( ) ( ) ,
2 4 4ij ji ij ji ij jiB C B C B C+ = + + −                                                                           (3.20) 

 
from (3.19) and (3.20) 
 

2
( ) 1

, 1

2 2 2 2
2

, 1 , 1

1( ) ( 1) 2( 1) ( ) ( )
4

1 ( ) ( )
4

m

S TN L ij ji
i j

m m
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                                                (3.21) 

 
is obtained. Thus, we get equation (3.18). The equality case of (3.18) satisfies if and only if 

ij ijB C= −  and 0ijD = , in the other word, either 1φ = −  or local second fundamental form B  
vanishes on TN  and local second fundamental forms C  and D  vanish on ( )S TN . 
 
Theorem 7. Let N  be a ( 1)m + − dimensional half lightlike submanifold of a ( 3)m + −

dimensional Lorentzian space form ( )N c  of constant sectional curvature c , endowed with a 
semi-symmetric metric connection ∇ . Then we have 
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                                                                            (3.22) 

where 
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                                                                                (3.23) 

 
The equality case of (3.23) holds for all p N∈  if and only if 1 2 ( ) 0.Ltrace Aµ µ= = =   
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Proof. Using (3.17) and (3.21), we obtain 
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                                                            (3.24) 

 
 
From equation (3.24), the inequality (3.22) is obtained and it is clear that the equality case of 
(3.22) holds if and only if 1 2 ( )Ltrace Aµ µ= =  , ij jiB C= −  and 0.ijD =  
 
The following corollaries is obtained from the previous theorem. 
 
Corollary 8. Let N  be a ( 1)m + −dimensional irrotational half lightlike submanifold of a 
( 3)m + − dimensional Lorentzian space form ( )N c  of constant sectional curvature c , endowed 
with a semi-symmetric metric connection ∇ . Then we have 
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                                                                       (3.25) 

 
where LA  is as defined in (3.23). The equality case of (3.25) holds for all p N∈  if and only if  
N  is minimal. 
 
Corollary 9. Let N  be a ( 1)m + − dimensional irrotational screen homothetic half lightlike 
submanifold of a ( 3)m + − dimensional Lorentzian space form ( )N c  of constant sectional 
curvature c , endowed with a semi-symmetric metric connection ∇ . Then we derive 
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                                                                         (3.26) 

 
The equality case of (3.26) holds for all p N∈  if and only if N  is minimal. That is, ( )S TN  is 
umbilical in N . The converse is trivial. 
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ABSTRACT: In this paper, various physical device simulation of pseudomorphic High Electron Mobility 
Transistors are realized to show the effect of aligning parameter on scattering parameters. S parameters are 
complex numbers, so both real and imaginer part of scattering parameters are plotted concerning frequency at 
different align parameters. In all figures, a brief explanation about the change of the S parameter for frequency and 
align parameter is provided. The effect of the align parameter, which has a value of 0.4 differs from other align 
parameter values such as 0.45, 0.5, 0.55 and 0.6 on scattering parameters of the transistor structure.  
 
Keywords: PHMET, Scattering parameters, Align parameter, Device simulation. 
 
 
 
1. INTRODUCTION 

 
The name HEMT transistor is referred to as High Electron Mobility Transistor. The transistor 
is a type of field-effect transistor. The HEMT transistor is structured with a narrow channel, 
which enables operating at high frequencies. The device structure incorporates a junction of 
two materials with different energy band gaps. The development of HEMT transistor goes back 
to the 1980s, when its cost is high, so the applications of the transistor are limited. Nowadays, 
the production cost of HEMT transistor is low comparing to the past, so the application of the 
transistor are common in communication technologies such as microwave radio 
communication, mobile communication, and RF (Radio Frequency) design circuits [1-4]. The 
pseudomorphic High Electron Mobility Transistor (pHEMT) [5-9] is modeled and used for 
various applications such as low noise amplifier, power amplifier, oscillator or mixers. 
Transistors are considered as two-port networks for designing circuits, and scattering (S) 
parameters are the main parameters for calculating the performance of the design circuits. In 
other words, transistors are modeled as two-port networks, where the input port gate electrode 
and the output port is a drain electrode. S parameters of these two-port networks affect the 
performance of the designed circuits. S parameters are modeled with various optimization 
algorithms and neural networks [10]. Physical parameter based modeling of S parameter is 
realized in this study [11, 12] using symbolic regression, and novel classification algorithms. 
The power gain and stability of the microwave circuit can be defined by S parameters [13-17]. 
S parameters are dependent on various parameters such as bias condition parameters, device 
parameters and frequency. The effect of the align parameter on the S parameter is studied in 
this paper.  

https://dergipark.org.tr/tr/pub/naturengs
mailto:g.satilmis@alparslan.edu.tr
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Bandgap, which is the difference between two material energy bands cause conduction and 
valence band discontinues. The distribution of bandgap difference on conduction and valence 
band has an impact on charge transport, and so forth S parameters of the device. Align 
parameter is defined as a portion of the energy bandgap difference, that is applied to the 
conduction band of the transistor. For instance, %80 percent of the bandgap difference can be 
assigned to material 1 and material 2 to the conduction band offset by setting the align parameter 
to 0.8.  

In this study, the effect of the align parameter on S parameters is expressed from 1 GHz to 100 
GHz for pHEMT structure. The align parameter is ranged from 0.4 to 0.6 with a step of 0.5. 
This study is realized using a physical device simulator. S parameters are complex numbers, so 
real and imaginer parts of S parameters are calculated and plotted on a cartesian coordinate 
system.  
 
2. DEVICE SIMULATION 

 
A physics-based device simulator is chosen in this study. Physics-based device simulators 
calculate the electrical characteristics of the structure given bias conditions. The simulator uses 
a numerical method such as Newton, Gummel or Block method. [18]. As a result, the device 
can be modeled in AC for S parameter analysis. The major advantages of a physical-based 
device simulator are being predictive, providing insight into the structure. Moreover, physics-
based device simulation is compared to actual experiments, it has many advantages such as 
being faster, being cheaper and providing information, that requires extensive work using 
experimental work.  
 

 
 

Figure 1. pHEMT Structure [19] 
 

In Figure 1, the pHEMT structure is shown and the architecture of the transistor is referenced 
in [19]. Source, gate and drain electrodes are placed at the top of the structure. Source and drain 
electrodes are in contact with GaAs material, whereas the gate electrode in contact with Al0.22 

Ga0.78As material. Delta doping, which is a very thin layer is used between In0.22Ga0.78As 
material. Al0.22 Ga0.78As material is placed on GaAs substrate, and the device is symmetrical to 
In0.22Ga0.78As material region if the electrodes and their contact with GaAs substrate are 
omitted.  
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The transistor is considered as two-port networks, where the gate electrode is the input port, 
and the drain electrode is the output port. Small signal analysis of the transistor is realized from 
1 GHz to 100 GHz to exhibit the entire potential use on various applications.  
 
3. RESULTS AND DISCUSSION 

 
5 different physical device simulations are realized for showing the effect of the align 
parameter. The values of these parameters are listed in Table 1. Drain voltage and gate voltage 
are set to 2(V) and 0 (V), respectively. The effect of the align parameter on S parameters is 
plotted both real and imaginer values on cartesian coordinates, separately. The effect of the 
align parameter on S parameters is plotted from Figure 2 to Figure 9. In all figures, the absolute 
value of real and imaginer part of S parameters are analyzed.  
 

Table 1. Align Parameter Range 
 

Align Parameter Frequency 
0.4  1,2, … 100 GHz 
0.45 1,2, … 100 GHz 
0.5 1,2, … 100 GHz 
0.55 1,2, … 100 GHz 
0.6 1,2, … 100 GHz 

 
In Figure 2, the real part of S11 is plotted from 1 GHz to 100 GHz with all aligned parameters 
listed in Table 1. It can be seen in Figure 1 that the real part of S11  steadily decreases as the 
frequency increase. The minimum value is around 20 GHz, which makes a good return loss 
value. All align parameter values has almost no effect on the real part of the S11 parameter. 
   

 

 
Figure 2. The effect of aligning parameter on the real part of the S11 parameter 

 
In Figure 3, the imaginer part of S11 is plotted from 1 GHz to 100 GHz with all aligned 
parameters listed in Table 1. It can be seen in Figure 2 that the imaginer part of S11 increments 
until frequency reaches 20 GHz, and decrement again. All align parameter values has almost 
no effect on the imaginer part of the S11 parameter. 
 

 



Satılmış, NATURENGS, MTU Journal of Engineering and Natural Sciences 1:2 (2020) 89-96 
 

92 
 

 
 

Figure 3. The effect of aligning parameter on the imaginer part of the S11 parameter 
 

In Figure 4, the real part of S12 is plotted from 1 GHz to 100 GHz with all aligned parameters 
listed in Table 1. It can be seen in Figure 2 that the real part of S11  steadily increments as the 
frequency increase. Align parameter, which has a value of 0.4  has an effect on the imaginer 
part of the S11 parameter around 20 GHz, and it has no effect on other aligned parameters.   
 

 

 
 

Figure 4. The effect of aligning parameter on the real part of the S12 parameter 
 
In Figure 5, the imaginer part of S12 is plotted from 1 GHz to 100 GHz with all align parameters 
listed in Table 1. It can be seen in Figure 5 that the imaginer part of S12 increments as the 
frequency increase. Align parameter, which has a value of 0.4  has an effect on the real part of 
the S12 parameter, and it does not affect other aligned values.  
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Figure 5. The effect of aligning parameter on the imaginer part of the S12 parameter 

 
 
In Figure 6, the real part of S21 is plotted from 1 GHz to 100 GHz with all aligned parameters 
listed in Table 1. It can be seen in Figure 2 that the real part of S11  steadily decrements until 50 
GHz, and then its sutures. All align parameter values has almost no effect on the real part of the 
S21 parameter. 
 

 
Figure 6. The effect of aligning parameter on the real part of the S21 parameter 

 
In Figure 7, the imaginer part of S21 is plotted from 1 GHz to 100 GHz with all aligned 
parameters listed in Table 1. It can be seen in Figure 7 that the imaginer part of S21  increments 
until frequency reaches 20 GHz and it drops as frequency increases. Align parameter, which 
has a value of 0.4  has an effect on the imaginer part of the S21 parameter around 20 GHz, and 
it has no effect on other aligned parameters. 
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Figure 7. The effect of aligning parameter on the imaginer part of the S21 parameter 

 
 
 

 
 

Figure 8. The effect of aligning parameter on the real part of the S22 parameter 
 

In Figure 8, the real part of S22 is plotted from 1 GHz to 100 GHz with all aligned parameters 
listed in Table 1. It can be seen in Figure 8 that the real part of S22  steadily decreases as the 
frequency increase. All align parameter values has almost a limited effect on the real part of the 
S22 parameter. 
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Figure 9. The effect of aligning parameter on the imaginer part of S22 parameter 

 
In Figure 9, the imaginer part of S22 is plotted from 1 GHz to 100 GHz with all aligned 
parameters listed in Table 1. It can be seen in Figure 9 that the imaginer part of S22 increments 
until as frequency increase. All align parameter values has almost a limited effect on the 
imaginer part of the S22 parameter. 
 
 
4. CONCLUSIONS 
 
In this paper, two-port S parameters analysis of pHEMT structure is realized from 1 GHz to 
100 GHz. 8 different both real and imaginer part of S parameters are plotted from Figure 2 to 
Figure 9. In all figures, a brief explanation about the change of the S parameter concerning 
frequency is given. Also, the effect of the align parameter on S parameters is explained in detail. 
In conclusion, the effect of the align parameter, which has a value of 0.4 differs from other align 
parameter values such as 0.45, 0.5, 0.55 and 0.6 on S parameters of pHEMT structure. The 
parameter range of the align parameter can be scaled up, and further analysis can be realized. 
An optimization algorithm, which maximizes both real and imaginer part of S21 while 
minimizing the both real and imaginer part of S11 and S22 parameter would help circuit designers 
for satisfying low noise amplifier circuit performance criteria.  
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ABSTRACT: In this study, activated carbon, obtained from Zivzik Pomegrate (Siirt-TURKEY), has been used 

as adsorbent matter. The activated-carbon has been prepared with chemical activation using ZnC12. BET surface 

area has been measured as 1513.05 m2/g. Methylene Blue and Crystal Violet have been used as dyestuffs. It has 

been investigated the effect of initial pH, initial dye concentration and temperature on adsorption. Four different 

initials concentrations have been used for both dyestuffs. It has been observed that the initial pH does not affect 

the adsorption capacity. The compatibility with four different adsorption isotherms has been investigated and it is 

approved that it fits the Langmuir adsorption isotherm. For both dyes; RL value, which is the dimensionless 

separation factor found using KL value from Langmuir parameters, was found to be 0.001. This result shows that 

the adsorption process is efficient. Also, it was seen that the correlation factor R2 for both dyes calculated from the 

graph drawn according to the Langmuir isotherm has a high value such as 0,999. Three different kinetic models 

(the pseudo first order model, the pseudo second order model and the Elovich equation) have been investigated by 

doing experimental studies at three different temperatures with different initial concentrations. Correlation 

coefficient R2 is; for Methylene Blue 0.99 and for Crystal Violet  0.99. Since the qe values calculated with the 

experimental qe values are compatible with each other, it was observed that our study is more suitable for the 

Pseudo 2nd Order Kinetic model. The entropy (ΔS ̊ ) values are 51.717 J/molK for Methylene Blue and 70.817 

J/molK for Crystal Violet, respectively. The positive values of ΔS ̊ reflect the affinity of adsorbent material towards 

Methylene Blue and Crystal Violet. In addition, it has been observed that adsorption is reversible and endothermic. 

 

 

Keywords: Adsorption, Activated carbon, Dye, İsotherm, Kinetic. 

 

 

1. INTRODUCTION 

 

Textile industry wastewaters contain a wide variety of organic materials, heavy metals, 

dissolved salts, color, turbidity, and discharging to the external environment at different pH's 

and require first degree treatment. Uncontrolled delivery of textile industry waste water to the 

environment without treatment is dangerous for both human health and the ecosystem [1]. 

 

Many methods and materials have been developed by scientists to remove pollution due to 

increasing environmental pollution. One of these methods is the adsorption technique. 

https://dergipark.org.tr/tr/pub/naturengs
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Studies in the field of adsorption have been showing a rapid increase in proportion with 

environmental awareness since the 1970s. In this context, adsorption is a very good technique 

to remove pollutants and is widely used in gas and liquid phase applications.  

 

In addition to removing contaminants, adsorption has become an important separation 

technique with the potential for regeneration, recovery and recycling of adsorbent materials [2]   

Therefore, the development of new adsorption systems and porous materials constitutes great 

importance. Active carbon is one of the most important of these porous materials that have been 

researched extensively [3].  

 

Activated carbons are frequently used in industry and daily life for various purposes such as 

environmental pollution control, bleaching, deodorization due to their high porosity and good 

adsorbent properties. Commercially activated carbons are obtained by activating the carbons 

obtained from wood, peat, lignite, coal, charcoal, bone, coconut shell, rice husk, nut shell and 

oil products through various processes [4]. 

 

Activated carbon is commonly defined as an amorphous material with high surface area and 

high porosity, which is generally prepared from carbon-based materials in a waste state [5]. 

There has not been a formula showing the active carbon structure yet. This structure can be 

used as a good absorbent owing to its high surface area and high porosity. In addition, the pore 

volumes of activated carbons vary between 3 angstroms and several thousand angstroms, so 

they have high adsorption capacity. Generally, organic-based activated carbons contain 87-97% 

carbon and the remaining part consists of oxygen, sulfur, nitrogen and hydrogen. Also, this ratio 

varies depending on the material to be synthesized activated carbon [6]. Although activated 

carbon is the oldest among the adsorbents available [7], it is still the most used material in the 

industry. Therefore, studies continue to prepare activated carbon with the most appropriate 

method and to understand its pore structure [8].  

 

Different processes are used for the preparation of activated carbon. In the physical activation 

method, raw materials, such as CO2, N2 or water vapor, are activated at 700–1100 0C to produce 

activated carbon. Whereas, during the process of chemical activation carbonization is 

conducted at 400–900 ◦C in the presence of a chemical agent (e.g., ZnCl2, KOH, K2CO3, H3PO4 

or H2SO4) [9]. 

 

In this study, Zivzik pomegranate waste was used as a raw material in preparing activated 

carbon. 

 

According to pomegranate production ranking between countries;  Iran first, India second and 

Turkey ranks third. Pomegranate is grown in the coastline of the Aegean and Mediterranean 

Regions and the Southeastern Anatolia Region in our country. According to statistical data, 

pomegranate production is carried out in 48 cities in Turkey. In terms of pomegranate 

production amounts by cities; Antalya 71, Muğla 22, Denizli 13, Mersin 11, Gaziantep 8,8 and 

Aydın stand out with 8,5 thousand tons. The pomegranate production ranking of the 

Southeastern Anatolia Region (GAB) provinces as of 2009 is, Gaziantep is the first, Sanlıurfa 

is the second and Siirt is the third [10]. 

  

Zivzik pomegranate wastes are dried in the laboratory and they have been activated by chemical 

activation using ZnCl2. The activation temperature was 800 0C and it has been activated for 1 

hour. Methylene blue and Crystal violet have been used as model dyes in adsorption 

experiments. 
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1.1 Kinetic parameters of adsorption 

Several kinetic models have been put forward to determine what role the mechanism 

characterizing the adsorption process plays. In this study, Pseudo 1st and 2nd order kinetic 

equations and Elovich equation are used [11-16]. 

The pseudo-first-order equation is expressed as 

 

𝑑𝑞𝑡

𝑑𝑡
= 𝑘1(𝑞𝑒 − 𝑞𝑡)            (1)

       

The integrated form of Eq. (1) becomes: 

log(𝑞𝑒 − 𝑞𝑡) =log 𝑞𝑒 −
𝑘1

2.303
t where 𝑞𝑒and 𝑞𝑡 are amounts of dye adsorbed (mg/g) at 

equilibrium and time t (min), respectively, and 𝑘1 is the rate constant os pseudo-first-order (min-

1 ) 

The pseudo-second-order kinetic model of Ho and McKay is  

 

𝑑𝑞𝑡

𝑑𝑡
= k2(qe - qt)

2                  (2) 

 

The integrated form of Eq.(2) becomes:  

    

𝑡

𝑞𝑡
=

1

𝑘2𝑞𝑒
2 +

1

𝑞𝑒
t   

 

Where k2 is the rate constant of pseudo-second-order adsorption (g/(mg min)) and h = k2qe
2 , 

where h is the initial adsorption rate (mg/g min). 

The Elovich equation is given as follows: 

 

𝑑𝑞𝑡

𝑑𝑡
= α.e -β.q

t               (3) 

 

Where𝛼 is the initial rate (mg/g min) because (dqt/dt) approaches 𝛼 when qt approaches zero, 

and the parameter 𝛽 is related to the extent of surface coverage and activation energy for 

chemisorptions (g/mg). 

Given that qt= 0 at t = 0, integrated form of Eq. (3) is 

 

𝑞𝑡 = 
1

𝛽
𝑙𝑛𝛼𝛽 +

1

𝛽
𝑙𝑛𝑡   
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2. MATERIAL AND METHODS 

 

2.1. Materials 

 Two dyes were used in the study. The dyes, Methylene Blue (MB) (Chemical Formula = 

C16H18N3SCl, MW = 319.85 g/mol, λmax = 660 nm) was supplied by Merck; Crystal Violet (CV) 

(Chemical Formula = C25N3H30Cl, MW = 407.979 g/ mol, λmax = 594 nm) was supplied by 

Merck. One thousand milligrams per liter of stock solution was prepared by dissolving the 

required amount of dye in double distilled water. Working solutions of the desired 

concentrations were obtained by successive dilutions. 

 

2.2. Preparation of activated carbon 

Activated carbon used as an adsorbent in experimental studies was obtained by subjecting 

Zivzik Pomegranate to the carbonization process in a tubular reactor after the chemical 

activation process. 

 

In the first step; dried Zivzik Pomegranate waste has been dried in an oven by mixing with 

ZnCl2 in weight of 1:1 with a sufficient amount of water. The dried mixture has been activated 

in a nitrogen atmosphere in a tubular reactor in a tubular furnace. The activation process has 

been carried out by keeping under nitrogen atmosphere (100 ml / min) at 10 oC / min at a heating 

rate of 800 0C for 1 hour at a maximum temperature. The sample has been taken from the oven 

cooled to room temperature. 

 

In the second stage, enough 0.5N HCl has been added to the sample taken after activation and 

boiled on the heater. The sample has filtered until it is sure that no chloride ions are left in the 

pure water. A chlorine ion test has been done with AgNO3. After the washing process, the 

activated carbon has been dried in the oven at 105 °C for 24 hours. After grinding and sifting 

processes, activated carbon has been separated by waiting in a desiccator to be used in 

experimental studies. 

 

2.3. Instrumentation 

 

A Tri Star 3000 ( Micromeritics, USA) surface analyzer was used to measure nitrogen 

adsorption isotherm at 77 K in the range of relative pressure 10-6 to 1. Before measurement, the 

sample was degassed at 300 ºC for 2 h. The BET surface area, total surface area and volume of 

the total surface were measured by the surface analyzer. 

 

The spectrophotometric determination of dyes was done on a Boeco UV – vis 

spectrophotometer (model UV – S22, Germany). 

 

2.4. Adsorption experiments 

 

In studies that the effect of temperature and mixing time on adsorption was investigated, the 

solutions prepared as 200 ppm, 400 ppm, 600 ppm and 800 ppm by diluting from 1000 ppm 

stock solution. Activated carbon was added 0.1 gram and prepared as 500 ml solutions in 1000 

ml beakers. It was mixed in the water bath at 25 °C, 35 °C and 45 °C. The moment when 

adsorbents were added to the solution was accepted as t = 0 and samples were taken at time 

intervals of 1,3,5,7,9,13,17,23,30,40,50,60,70,90 and 120 minutes. 
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3. RESULTS AND DISCUSSION 

 

3.1. Characterization of the prepared activated carbon 

 

Activated carbon surface measurements were made by BET device. Its total surface area, total 

surface volume and BET surface area were measured as 429,044 m2/g, 0,59232 cm3/g and 

1513,05 m2/g, respectively.  

 

3.2. Effect of temperature on adsorption 

 

In order to examine the effect of temperature on the adsorption mechanism, both dyes 

(Methylene Blue - Crystal Violet) were prepared in 1000 ml of solution using 0.1 g of activated 

carbon at three different temperatures and mixed for the equilibrium period (1 hour). Results 

are shown in Figure 1 and Figure 2. As can be seen from the figures, similar graphics have 

emerged for both dyestuffs. As can be seen from the graphics, dye removal increased with the 

increase in temperature. This means that the adsorption mechanism is endothermic. 

 

 
 

Figure 1. Effect of contact time and temperature on the adsorption of MB 

 

 

Figure 2. Effect of contact time and temperature on the adsorption of CV 
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Three basic kinetic models were used for adsorption kinetics. The equality giving the best fit 

was determined by looking at the regression coefficient (R2). Methylene Blue and Crystal Violet 

dyestuffs used in experiments to examine adsorption kinetics at different time intervals (C0 = 

200 mg / L, 400 mg / L, 600 mg / L and 800 mg / L, Adsorbent amount = 0.1 g / L, pH = 7.11, 

Stirring Speed = 300 rpm) adsorption data were used. 

 

The first model used in the investigation of adsorption kinetics is the Pseudo 1st order kinetic 

equation. Log (qe-qt) values were calculated from dye removal plots to time. Log (qe-qt) versus 

t graphics drawn at Figure 5, correlation coefficients (R2) with k1 values were calculated from 

these graphs and shown in the Table 1. K1 values calculated as ; for Methylene Blue at a 

concentration of 200 mg / L 0,0322, for Crystal Violet at a concentration of 200 mg / L 0,0184 

respectively. Correlation coefficient R2 calculated as 0,88 for Methylene Blue and 0,86 for 

Crystal Violet respectively. However, it was observed that the adsorption kinetics did not fit 

the Pseudo 1st order kinetic model because the calculated qe values with the experimental qe 

values did not match with each other. 

 

In Pseudo 2nd order kinetic equation, t / qt ‘versus t graphs are drawn in Figure 4. From these 

graphs, k2 values and correlation coefficients (R2) were calculated and shown in Table 1. 

Correlation coefficient R2 is; for Methylene Blue 0.99 at 200 mg / L and for Crystal Violet  0.99 

at 200 mg / L. Since the qe values calculated with the experimental qe values are compatible 

with each other, it was observed that the adsorption kinetics fit the Pseudo 2nd order kinetic 

model.  

 

Finally, the Elovich equation is examined. As can be seen in Figure 3,  Int graphs were drawn 

against qt values. From these graphs α and β values and correlation coefficients (R2) were 

calculated and shown in Table 1. However, since the correlation coefficients calculated from 

the graphs are low, it was observed that the adsorption kinetics did not fit the Elovich equation. 

 

 

 
 

Figure 3. The Elovich equation for adsorption of MB and CV at different temperatures 
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Figure 4. The pseudo-second-order adsorption kinetics of MB and CV at different temperatures 

 

 

Figure 5. The pseudo-first-order adsorption kinetics of MB and CV at different temperatures 

 

Table 1. Kinetic parameters for the effect of temperatures on the adsorption of MB and CV 

T(K)     qe(Exp.) 

(mg/g)            

Pseudo 1st order kinetic 

model 

Pseudo 2 nd order kinetic 

model 

Elovich equation Dye 

  (qe)calc. 

(mg/g)              

k1 

(l/min) 

R2 (qe)calc. 

(mg/g)              

k1 (g/mg 

min) 

R2 α 

(mg/g 

min) 

  β  

(g/mg) 

R2  

298 900.04 391.832 0.0322 0.88 909.09 0.00031 0.99 61.941 0.0215 0.73 M.B 

298 9285 1969.246 0.0184 0.86 10000 0.000005 0.99 72.9643 0.0035 0.72 C.V 
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3.4. Adsorption thermodynamics 

  

The effect of temperature on the Methylene Blue and Crystal Violet adsorption is shown in 

Figure 1. While the temperature increases, the percentage of dye removal increases lightly. The 

change in Standard free energy (ΔG ̊), enthalpy (ΔH ̊ ) and entropy (ΔS ̊ ) of adsorption were 

calculated from the following equation: 

 

∆G° = −RT lnKC              (4) 

 
 

Table 2. Thermodynamic parameters of MB ( 800 mg/L) 

 

T(K)              lnKc (kJ/mol)

  

( 

ΔG° (kJ/mol) ΔH° (J/mol K)    ΔS° (J/mol K) 

298 1.864 -4.565   

308 1.926 -5.082 10.846 51.717 

318 2.151 -5.600   

 
 

Table 3. Thermodynamic parameters of CV (800 mg/L) 

 

T(K)              lnKc (kJ/mol)

  

( 

ΔG° (kJ/mol) ΔH° (J/mol K) ΔS° (J/mol K) 

298 1.720 -4.3231   

308 1.991 -5.0313 16.780 70.817 

318 2.164 -5.7395   

 

 

where R is gas constant, Kc the equilibrium constant and T is the temperature in K. The Kc value 

is calculated from Eq. (5): 

KC =                     (5) 

 

where CA and CS is the equilibrium concentration of dye ions on adsorbent (mg/L) and in the 

solution (mg/L), respectively. 

 

Standard enthalpy (ΔH ̊ ) and entropy (ΔS ̊  ) of adsorption can be estimated from van’t Hoff 

equation given in  

 

lnKC= -                   (6) 

 

The slope and intercept of the van’t Hoff plot is equal to -ΔH ̊/RT and ΔS ̊/R , respectively. The 

van’t Hoff plot for the adsorption of Methylene Blue and Crystal Violet onto Zivzik 

pomegranate is given in Figure 6 and Figure 7. 

 

Thermodynamic parameters are summarized in Table 2 and Table 3. 

It is seen in Table 2 and Table 3 that the ΔH ̊values were in 10.846 kJ/mol for Methylene Blue 

and 16.780 kJ/mol for Crystal Violet. The positive values of enthalpy change conform to the 

S
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endothermic nature of the adsorption process. The positive values of ΔS ̊ reflect the affinity of 

adsorbent material towards Methylene Blue and Crystal Violet. The entropy (ΔS ̊ ) values were 

51.717 J/molK for Methylene Blue and 70.817 J/molK for Crystal Violet, respectively. Despite 

being endothermic nature, the spontaneity of the adsorption process was decreased in the Gibbs 

energy of the system. The ΔG ̊ values varied in range with the mean values showing a gradual 

increase from 1.864 to 2.151 kJ/mol for Methylene Blue and 1.720 to 2.164 kJ/mol for Crystal 

Violet, respectively, in the temperature range of 25-45 oC by endothermic nature of the 

adsorption process. 

 

 
 

Figure 6. Van’t Hoff plots of MB adsorption onto activated carbon from Zivzik pomegranate for 800 mg/L 

 

 

Figure 7. Van’t Hoff plots of CV adsorption onto activated carbon from Zivzik pomegranate for 800 mg/L 
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4. CONCLUSIONS 

 

The results of this work can be summarized as follows : 

- The N2 adsorption isotherm of Zivzik Pomegranate is of type IV. The values of SBET , Vt and 

St are 1513,05 m2/g, 0,59 cm3/g and 429,044 m2/g respectively. Results show that activated 

carbon includes micropores and mesopores. 

- When the adsorption isotherm models for Methylene Blue were examined, it was found to be 

suitable for the Langmuir model. The constants obtained by the Langmuir equilibrium model 

have been examined. RL value, which is the dimensionless separation factor found using KL 

value from Langmuir parameters, was found to be 0.001. This result shows that the adsorption 

process is efficient. In addition, it was seen that the correlation factor R2 calculated from the 

graph drawn according to the Langmuir isotherm has a high value such as 0,999. When the 

adsorption isotherm models for Crystal Violet are examined, their suitability to the Langmuir 

model was determined. Constants obtained by the Langmuir equilibrium model have been 

examined. RL value, which is the dimensionless separation factor found using KL value from 

Langmuir parameters, was found to be 0.001. This result shows that the adsorption process is 

efficient. It was seen that the correlation factor R2 calculated from the graph drawn according 

to the Langmuir isotherm has a high value such as 0,999. In addition, the correlation factor R2 

calculated from the graphs drawn according to the Freundlich and Temkin isotherms for Crystal 

Violet was found to be 0.910 and 0.913, respectively. This shows that the Crystal Violet dye is 

also suitable for Freundlich and Temkin isotherm models. 

- For the Methylene Blue and Crystal Violet dyestuffs, the system's compliance with the 

adsorption rate expressions was investigated by making use of the time-dependent variation of 

the amount adsorbed on activated carbon at different temperatures. When comparing the results 

of the Pseudo 1st Order kinetic model, Pseudo 2nd Order kinetic model and Elovich kinetic 

models, it was determined that the Pseudo 2nd Order kinetic model was more appropriate. It 

has been observed that the correlation factor R2 calculated from the graphs drawn using the 

Pseudo 2nd order kinetic model is greater than the R2 calculated from the graphs drawn using 

other kinetic models. 
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