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KINETIC CHARACTERIZATION OF GAG:CE PHOSPHOR

Sibel UYSAL SATILMIS?, Arzu EGEY, Levent TURKLER?, Zekai TEK®, Elizabeth J. POPOVICI®

! Manisa Celal Bayar University, Faculty of Science and Letters, Department of Physics, Manisa, Turkey
2 Ege University, Bergama Technical and Business College, Izmir, Turkey
¥ Raluca Ripan Institute for Research in Chemistry, Babes Bolyai University, Cluj-Napoca, Romania

Abstract

Thermoluminescence (TL) kinetic characterization of cerium (Ce**) doped gadolinium aluminum
garnet (GAG) prepared by wet chemical synthesis method is presented in this study.
Thermoluminescence glow curve of GAG phosphor after UV irradiation has two peaks at about
350 and 501 K with a heating rate of 2 Ks™. Thermoluminescence kinetic parameters such as
order of kinetics, frequency factor and activation energy associated with the main glow peak of
the GAG:Ce phosphor have been calculated using various heating rates (VHR) computerized
glow curve deconvulation (CGCD) and peak shape (PS) methods in this study. The activation
energies obtained by VHR, PS and CGCD methods were calculated as 1.24, 1.11 and 1.14 eV,
respectively. The frequency factors attained by these methods were found as 3.41x10*, 1.80x10%
and 2.63x10™ s, respectively. Results acquired using all methods are discussed and compared.
Keywords: Gadolinium aluminum garnet, Thermoluminescence, Kinetic parameter

GAG:CE FOSFORUNUN KINETIiK KARAKTERIZASYONU
Ozet

Bu ¢alismada, 1slak kimyasal sentez metodu ile hazirlanmis seryum (Ce*?) katkih gadolinyum
aliminyum garnetin termoliiminesans (TL) kinetik karakterizasyonu sunulmustur. UV ile
1sinlanmasinin ardindan GAG fosforunun, termoliiminesans 1s1ma egrisi 2 Ks™ 1sitma hizi ile
yaklasik olarak 350 ve 501 K de iki pike sahiptir. Calismada GAG:Ce fosforunun ana 1s1ma piki
(501 K) ile iligkili kinetik derece, frekans faktorii ve aktivasyon enerjisi gibi termoliiminesans
kinetik parametreleri, g¢esitli 1sitma hizlar1 (VHR), bilgisayarli 1s1ma egrisi dekonvulasyonu
(CGCD) ve pik sekli (PS) metotlart ile hesaplanmistir. VHR, PS ve CGCD metotlar1 ile elde
edilen aktivasyon enerjileri sirasiyla 1,24, 1,11 ve 1,14 eV olarak hesaplanmistir. Bu metotlarla
ulasilan frekans faktorleri 3,41x10™, 1,80x10" ve 2,63x10% s olarak bulunmustur. Tim
metotlardan elde edilen sonuclar kiyaslanmis ve tartisilmistir.

Anahtar Kelimeler: Gadolinyum aliiminyum garnet, Termoliiminesans, Kinetik parametre.

“arzu_aegean@hotmail.com
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1. INTRODUCTION

Garnet crystal is commonly used at high temperatures due to their high chemical and
thermal stability. Moreover, it is used in the solid-state laser as host materials, the refractory
coating fillers, magnetic materials, and phosphor powders [1-3]. The optical properties of Ce-
activated garnet series used in white light emitting diodes have been remarkable in recent years
[4]. Gadolinium aluminate is nowadays being investigated quite interesting as a material for,
electronic, optical, magnetic and structural applications [5]. Information on the luminescence
properties of cerium doped gadolinium aluminum garnet is limited to a few studies. The
researches were related to gadolinium aluminum garnet preparation methods and their
luminescent properties [1-8].

The recent increase in solar ultraviolet (UV) radiation reaching the Earth's surface due to
the depletion of stratospheric ozone has been a major concern, due to the harmful effects on
living organisms associated to the UVB (320-290 nm) and UVA (400-320 nm) components of
the solar spectrum. Additionally, UVB may have several adverse influences on planktons in sea
ecosystem [9, 10].

Thermoluminescence dosimeters have some superior characteristics such as their
availability, being cheap and easy to use in the determination of exposed dose to living
organisms. Recently, studies related to UV radiation measurement by thermoluminescent
dosimeters were increased due to being cheap and easy technique in the UV measurement. This
has led us to examine the usability of GAG:Ce phosphor in the measurement of UV radiation
dose. The determination of the trapping parameters from thermoluminescence glow curves is an
important research subject to improve the properties of the material as dosimetric usage.

In the present study, cerium-doped gadolinium aluminate phosphor prepared by a wet
chemical synthesis route was used. The thermoluminescence kinetic characterization of the
material was investigated after UV irradiation. It was observed that glow curve of the phosphor
was consisted of two peaks at about 353 and 501 K. The kinetic parameters such as kinetic order
(b), activation energy (E), and frequency factor (s) were calculated using various heating rates
(VHR), Chen peak shape methods and computerized glow curve analysis (GCGD) were used.

Kinetic Characterization of GAG:Ce Phosphor 96
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2. MATERIAL AND METHODS

The cerium-doped gadolinium aluminate phosphor used in this study was synthesized by
wet-chemical route via the reagent simultaneous addition (WCS-SimAdd ) technique. All
experimental details can be found in our earlier works [8]. A Harshaw 3500 TLD reader was used
for recording TSL glow curves. All TSL measurements were carried out immediately after
irradiating using UV light (Philips UV 100 lamp) with 311 nm wavelength.

TSL kinetic parameters of activation energy (E), frequency factor (s) and kinetic order
have a sensible impact on the TSL characterization of a phosphor. Therefore, the knowledge of
kinetic parameters has critical importance for understanding the thermoluminescence
phenomenon in the phosphor, and there have been many methods for determining these
parameters experimentally [11].

In this study peak shape (PS), various heating rates (VHR) methods and computerized
glow curve deconvulation (CGCD) analysis were used to analyze the kinetic characterization for
GAG:Ce phosphors.

In the peak shape method developed by Chen [12], the shape of the glow curve is used to
calculate E, s and b parameters. The peak temperature T, and two temperatures (T and T,) on

ascending and descending side of T, at the half of maximum intensity, the half width parameters

(o, 8, ©) and the symmetry factor (u, :é) were used in the calculation of the kinetic
w

parameters in the peak shape methods. Following equations (1-3) were applied in the Peak shape
method.

kT2
(04

E, =c.(

a

)—b, (2kT;) (1)

Where aiso=T,-T,, 6 =T, -T, andz =T, -T,,

c, =151+3.0 (y'g -0.42) b, =1.58+4.2 (y'g -0.42)
C; =0.976+7.3 (u, —0.42) b, =0 2)
c, =252+10.2 (,u'g -0.42) b, =1
The frequency factor can be evaluated using the Equation
PE E e
s= exp(—) [1+(b-1A 3
72 PG [ 0-DA, ] ©)
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Where b is the order of the kinetics and An=2KT/E.
The VHR method is based on the recording the maximum temperatures of the glow peak
with using different heating rates [13, 14]. The maximum temperature T, is associated with the

heating rate f, this relation could be described in equation (4):

In(T2/ ) = E/KT, +In(E/ks) )

Where k is Boltzmann’s constant, Ty, iS the maximum temperature of the glow peak, E is the
activation energy (eV) and s is the frequency factor (s™). After recording Tr, with a number of
different heating rates, E could be calculated from the slope of the straight line obtained from the
In (T?./ B) versus 1/T,, plot. The intercept of the slope of this plot gives the value of frequency
factor. Kitis and Tuyn proposed a model to correct for the temperature lag based on TSL
measurements [15]. This model is given as an equation (5):
T, =T2-c In(&] (5)
ﬂb
Where ¢ is a constant and T* and T, are the maximum temperatures of glow peaks with heating

rates B, and By, respectively.

The fitting of the glow curves was carried out the CGCD analysis program designed using
Pascal programming language by Turkler [16]. The equation (6) given by Kitis et al [17] for the

general order kinetic glow peak was used in the CGCD analysis.

1(T)=1,, (b)‘% exp[%T;TM ]

{(b—l)(l—A)_: 2 exp( ET-Ty }ZM} .

M

(6)

Where A,, =2kT,, /E, A, =2kT, /E ve Z,, =1+ (b-1)A,,

Kinetic Characterization of GAG:Ce Phosphor 98
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3. RESULTS AND DISCUSSION

The dose response of a dosimeter should have linear or a well known function to be used
in dosimetric purpose. TL glow curves of the GAG:Ce phosphors were recorded after irradiated
with UV at different duration between 1 and 20 min. (Figure 1). The temperature of the main
peak shifted to the low temperature side while the duration of irradiation was increased. This

result indicates that the glow peaks of phosphor should not have first-order kinetics.

) [ 1 min. irradiated
3107 - A 5 min. irradiated
A u 10 min. irradiated
g FIRA . 20 min. irradiated
* o
2*107 s
*
b °
n
) 2*107 7
© |
N
2>
5 107
c
S |
2
£ 6 |
1 9*10
= |
4*10°
-10°
A T T T T T T T ]
50 100 150 200 250 300 350 400
Temperature (°C)

Figure 1. TL glow curves of the GAG:Ce phosphor exposed to UV irradiation at different
duration.

The glow curve of the GAG:Ce phosphor is well defined so the various heating rate
method was applied for kinetic characterization of the phosphor. Glow curves of UV irradiated
GAG:Ce phosphors were recorded using different heating rates between 1 and 40 Ks™ (Figure 2).
If the glow curves are investigated, the peak temperatures of GAG:Ce phosphor glow peaks
shifted to the high temperature with the increasing heating rates. This is an expected

phenomenon.

Kinetic Characterization of GAG:Ce Phosphor 99
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The kinetic parameters are calculated by taking into consideration of the obtained peak
temperatures in VHR method. However, the obtained results require some corrections due to the
occurrence of some systematic errors during thermoluminescence measurements. It has been well
established that temperature lag (TLA) and thermal gradient (TG) have an important role in the
kinetic parameter analysis [18-22]. The TLA and TG of all measurements are evaluated using the

method recommended by Kitis and Tuyn [23, 24].

. 40°C/s
A 20 °Cl/s
(] 10 °Cls
. 5°Cls
v 2°Cls
+ 1°Cls
1.5*107 ]
£
£ o
Ty ty
~ + v oY
3_ I A\ +V
S 1.04107 Ty Y
~ . v
iy v
>
= TV ¥
2 A
3 v
L3 SR 44
£ ey &
3 A S & ﬁ
- _[_VV : e Am A
16 +y * +'V * A nm A
5.0¢10 : of m
g ]
$
i

400

Temperature (°C)

200

Figure 2. Glow curves of GAG:Ce irradiated with a UV. The glow curves were recorded at
different heating rates, namely 1, 2, 5, 10, 20 and 40 Ks™ respectively.

The peak temperatures of the glow curves obtained with each heating rates were used to
plot the graph of In (T%w/B) versus (1/Tm) (Figure 3). This graph should be a straight line since
heating rates in the system is linear. The activation energy is determined from the slope of this
line and the frequency factor is attained from the intercept of this line. Data () and data (v)

100

Kinetic Characterization of GAG:Ce Phosphor



i O,
2,

A

g,
W

Yl
Arastirma Uysal Satilmus et al. | Kirklareli University Journal of Engineering and Science 3(2017) 95-106 ="

correspond to the peak temperatures as attained from experiments and to the peak temperatures

corrected for the temperature lag in figure 3, respectively. According to this method E and s

+11 -1
S

parameters are calculated as 1.24 eV and 3.41x10 , respectively.

O Uncorrected
---¥--- Corrected
.
12
ix 4
Lony)
= |
N .
£ Oy

= .
~ .
c e
5 oy

10 o

O b o
| n v
8 T T T T
0.00160 0.00170 0.00180 0.00190 0.00200
UT (K
m

Figure 3. The plot of Ln (T%w/p) versus (1/Tm) values of the glow peaks attained at each heating
rate.

The Peak Shape method which takes into account the peak shape or geometrical
properties of a well known method of TL glow curve analysis has been applied [12]. According
to this method, the average activation energy (E) was found to be 1.11 eV and average frequency
factor (s) 1.80x10™° s of high temperature peak (501 K) which can be taken as a dosimetric
peak using equations (1-3).

Kinetic Characterization of GAG:Ce Phosphor 101
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Table 1. The kinetic parameters of the glow peak at about 501 K attained by PS methods.

Activation Energy (E)  (eV) Frequency Factor (s) )
PS Es 1.13 Ss 2.57x10%°
Method E. 1.09 S, 9.85x10°
E, 1.11 S 1.83x10%°
Glow Curve
Peak 1
‘‘‘‘‘‘‘ - Peak2
107 ——— Peak3
------- Peak 4
E)
8 8*10°
2
B
c |
(O]
IS
—
F o 4r108
\‘/"(\‘-
7/
O ! T d
350 400 450 500 550 600 650
Temperature (K)

Figure 4. The computerized glow curve analysis of the GAG:Ce phosphor.

Glow curve deconvulation analysis of the phosphor GAG:Ce after exposing to UV
irradiation by using the deconvulation program [16] was indicated in Figure 4. The most
appropriate deconvoluted peak was taken into consideration by deciding the figure of merits
(FOM). The physically calculated Kinetic parameter by using FOM was in between 0.0% and

102

Kinetic Characterization of GAG:Ce Phosphor



.
ng ,
& o4 %

[

Bk ®
Arastirma Uysal Satilmus et al. | Kirklareli University Journal of Engineering and Science 3(2017) 95-106 ="

2.5% [25]. The FOM value of the current deconvulation process of the GAG:Ce glow curve was
found as 2.05%. As a result of the analysis, it was observed that the glow curve is composed of
four peaks at about 351, 452, 501 and 575 K. Although, phosphor has composed of four peaks,
only the peak 3 could be used as dosimetric purposes. The kinetic parameters for all the above
peaks were also calculated and are summarized in Table 2. The activation energy and frequency
factors of the main peak at 501 K were obtained as 1.14 eV and 2.63x10*'° s™ respectively. The
kinetic order of the peak was founded as the general order.

Table 2. The kinetic parameters of the glow curve of GAG:Ce phosphors were obtained in

CGCD analysis.
Peak - T.K | Eev| b s(s)
1| 1362844 351 0.80 , | 351x10™
2 348461 452 085 | 1g7 | 205107
3 | 12312130 501 114 | 131 | 263107
4 98729 575 196 5 8.39 x10™

4. CONCLUSION

Investigation of thermoluminescence properties of cerium-doped gadolinium aluminate phosphor
subject is an original work. The literature review shows that so far no work has been done about
the thermoluminescence kinetic characterization studies of cerium doped gadolinium aluminum
garnet phosphor. Keeping this in view, an attempt has been made to study about the
thermoluminescence properties of this material. The kinetic parameters of Ce doped gadolinium
aluminum garnet phosphor were analyzed using the various heating rates, Chen’s peak shape and
computerized glow curve deconvulation methods. The obtained E, s and b parameters determined
by all methods were found in good agreement with each other. The results show that the main
dosimetric peak of GAG:Ce phosphor being at 501 K has a general order kinetic model. A whole
knowledge of the thermoluminescence processes, determining the kinetic parameters is worth

further investigation in order to design the most suitable dosimeter suitable for UVB.

Kinetic Characterization of GAG:Ce Phosphor 103
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Abstract

An easy, and effective multicomponent synthesis of a highly substituted tetranydropyridines has
been achieved by reaction of different substituted aromatic aldehydes, (-ketoester (methyl
acetoacetate), and p-methoxyaniline, in the presence of ytterbium (I11) trifluoromethanesulfonate,
Yb(OTf)s, as an efficient catalyst under ultrasound irradiation. This method has supplied a
different approach for the synthesis of highly substituted tetrahydropyridines in moderate to good
yields.

Key words: Heterocycles, tetrahydropyridine, triflate, ultrasound, B-ketoester

TRIFLAT KULLANARAK ISLEVSELLESTIRILMIS
TETRAHIDROPIRIDINLERIN ULTRASONIK DESTEKLIi SENTEZI

Ozet

Yiiksek derecede siibstitlie edilmis tetrahidropiridinler, iterbiyum(IIl)triflorometansiilfonat
Yb(OTHf)s katalizorliigiinde, farkli siibstitiie aromatik aldehitler, f-ketoester (metil asetoasetat) ve
p-metoksianilinin kolay ve etkili reaksiyonuyla ultrason isimasi altinda elde edilmistir. Bu
yontem yliksek derecede siibstitlie edilmis tetrahidropiridinlerin iyi verimlerle sentezi i¢in farkli
bir yaklasim saglamistir.

Anahtar kelimeler: Heterosiklikler, tetrahidropiridin, triflat, ultrason, B-ketoester
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1. INTRODUCTION

Substituted tetrahydropyridines are significant heterocycles, which form the core part of various
natural products and synthetic drugs [1-2]. Numerous compounds carrying this heterocyclic part
have showed varied and attractive biological activities, such as antibacterical, antimalarial,
anticonvulsant, anti-inflammatory, antihistamic properties, as well as anti-hypertensive activities
[3-8].

Multicomponent reactions (MCRs) are placed one of the most significant reaction in the synthetic
organic chemistry. They have been known as one of the key means to form highly efficient, atom
economic and environmental friendliness. The synthesis of tetrahydropyridine compounds using
MCRs is a domain of classical carbonyl condensation chemistry [4-8].

In the recent times, one-pot synthesis of substituted tetrahydropyridines have been reported in the
presence of molecular I> [2, 9, 10], LaCls [11], sulfamic acid [12], p-TsOH.H20O [13], cerium
ammonium nitrate (CAN) [14], oxalic acid dihydrate [15], tetrabutylammonium tribromide
(TBATB) [16], Bi(OTf)s [17], Ce(OTf)4 [3], B(CeFs)3 [18], PEG-embedded KBr3z [19] and ZrCls4
[20] as efficient catalysts. However, the above deliberated processes have some drawbacks, such
as the use of pricey and excessive amount of catalysts or long reaction times. Therefore,
efficacious new approaches for the preparation of tetrahydropyridines are gaining great
significance. Nowadays, triflates M(OTf)x have been employed as efficient catalysts for a wide
variety of synthetic organic reactions [3, 17, 21]. During the last two decades, much attention has
given to improving rare earth metal triflates particularly Yb(OTf); catalyzed organic reactions.
The features of these are low toxicity, moisture stability, commercial availability and
recyclability [22, 23].

Ultrasonic irradiation is widely used in synthetic organic chemistry as it is associated with a
series of key characteristics such as safety, energy savings, waste prevention and the use of
ambient conditions. Therefore the usage of ultrasound to accelerate classical organic reactions
has been significant. This procedure can be used to various organic reactions to perform better
yields, under mild reaction circumstances and shorter reaction times [23]. The particular and
interesting characteristics of ultrasound waves in chemical reactions arise from the physical
phenomenon known as acoustic cavitation. Cavitation is the production, growth, and collapse of

microbubbles in a liquid when a large negative pressure is applied to it. The formation of
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cavitation bubbles is initiated during the rarefaction cycle. This phenomenon supplies the main
mechanism for sonochemical effects. For the period of cavitation, bubble collapse or implosion
releases enormous amounts of energy and produces strong local heating, high pressures, and very
short lifetimes. Ultrasonic irradiation decreases reaction times, gets better yields and reduces side
product construction by giving the activation energy contrast to classical conventional heating
that gives thermal energy to the reaction [24].

Herein we report on the preparation of functionalized tetrahydropyridines under conventional

conditions and ultrasonic conditions in the presence of Yb(OTf)3 as a catalyst.

2. EXPERIMENTAL

'H NMR and 3C NMR spectrums were recorded on “Inova 500” and “Bruker 4007
spectrometers, in the presence of TMS as an internal standard in CDClz or DMSO solvents. FT-
IR spectra were recorded on a “Philips PU 9714 ATR spectrophotometer”, and using the “Perkin-
Elmer Spectrum One” program. Mass Spectrums were obtained using a “Finnigan Trace DSQ”
instrument. GC/MS spectra were recorded on an Agilent 6890N GC system-5973 IMSO
instrument. TLC was carried out on silica gel 60 F254 precoated plates. The ultrasonication was
performed in an “Intersonik ultrasound cleaner” (model: MIN4) with a frequency of 25 kHz, an
US output power of 100 W and, a heating of 200 W. The temperature of the water bath was
controlled by an automatic constant temperature cooling circulatory system. All of the chemical

reagents were commercially available and were used without any purification.

2.1 General experimental procedures for the preparation of functionalized piperidines
Method A:

A mixture of p-anisidine (aromatic primer amine) 1 (2 mmol), methyl acetoacetate (-ketoester)
2 (1 mmol), and 5 % mol Yb(OTf)s in 5 mL MeOH was stirred for 30 min at room temperature.
Afterward the aldehyde 3 (2 mmol) was added to the reaction mixture and stirred for the time
indicated in Table 2. The progress of the reaction was checked by thin-layer chromatography
(TLC) at regular intervals. After the completion of the reaction, the raw product was filtered off

and washed with water and then crystallized from EtOH to give pure product 4a-4j.
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Method B:

A mixture of p-anisidine (aromatic primer amine) 1 (2 mmol), methyl acetoacetate (p-ketoester) 2
(2 mmol), and 5 % mol Yb(OTf)z in 5 mL MeOH was sonicated at 60 °C in an ultrasound cleaner
for 30 min. Afterward the aldehyde 3 (2 mmol) was added and the reaction mixture was
sonicated for the time indicated in Table 2. The progress of the reaction was checked by thin-
layer chromatography (TLC) at regular intervals. After the completion of the reaction, the
mixture was cooled to room temperature, the raw product was filtered off and washed with water

and then crystallized from EtOH to give pure product 4a-4j.

2.1.1. Methyl 2,6-bis(phenyl)-1-(4-methoxyphenyl)-4-(4-methoxyphenylamino)-1,2,5,6-
tetrahydropyridine-carboxylate (4a)

White solid, mp. 223-225 ° C. FTIR (ATR): v= 3258, 3058, 2949, 1648, 1589, 1509, 1176, 808
cm™. 'H NMR (CDCls, 500 MHz) &: 2.51-2.65 (dd, Ji= 12.50 Hz, J,= 2.55 Hz, 1H), 2.72-2.86
(dd, J1= 15.15 Hz, J>= 2.50 Hz, 1H), 3.67 (s, 3H), 3.72 (s, 3H), 3.90 (s, 3H), 5.05 (br s, 1H), 6.14-
6.19 (d, J= 8.50 Hz, 2H), 6.32 (s,1H), 6.41-6.46 (d, J=8.50 Hz, 3H ), 6.59-6.67 (dd, J.= 8.80,
Jo=9.01 Hz, 4H), 7.13-7.32 (m, 9H), 10.02 (s, 1H) ppm. *C NMR (CDCls, 125 MHz) &: 33.74,
50.56, 54.72, 55.66, 55.66, 55.75, 55.94, 56.08, 58.21, 96.92, 113.53, 114.12, 114.33, 114.82,
126.03, 126.46, 126.72, 127.68, 127.99, 128.19, 128.19, 128.60, 128.81, 130.60, 141.53, 143.24,
144.23, 150.82, 157.09, 157.79, 168.67 ppm. MS m/z: 520, Anal. Calcd. for Cs3H32N204 : C,
76.13; H, 6.20; N, 5.38. Found: C, 75.93; H, 5.98; N, 5.12.

2.1.2. Methyl 2,6-bis(4-methylphenyl)-1-(4-methoxyphenyl)-4-(4-methoxyphenylamino)-
1,2,5,6-tetrahydropyridine- carboxylate (4b)

White solid, mp. 225-226 ° C. FTIR (ATR): v= 3245, 2948, 2914, 1655, 1595, 1509, 1176, 808
cm. IH NMR (CDCls, 500 MHz) 5: 2.20 (s, 3H), 2.35 (s, 3H), 2.59-2.68 (dd, J1= 12.60 Hz, Jo=
2.50 Hz, 1H), 2.73-2.82 (dd, Ji= 15.20 Hz, Jo= 5.70 Hz, 1H), 3.65 (s, 3H), 3.75 (s, 3H), 3.90 (s,
3H), 5.01 (br s, 1H), 6.14-6.24 (d, J= 8.70 Hz, 2H), 6.35 (s,1H), 6.40-6.46 (d, J=9.10 Hz, 1H),
6.59-6.67 (dd, J1= 8.80, Jo= 9.01 Hz, 4H), 6.85-7.35( m, 7H), 7.75 (d, J= 8.00 Hz, 2H), 10.02 (s,
1H) ppm. 13C NMR (CDCls, 125 MHz) &: 21.33, 21.55, 33.62, 50.52, 51.29, 55.13, 55.67, 55.76,
56.09, 57.94, 97.04, 11351, 114.11, 114.82, 121.99, 122.37, 126.21, 126.66, 127.60,
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128.19,128.03, 129.03, 129.48, 129.68, 130.74, 133.86, 135.69, 136.54, 140.16, 141.52, 145.11,
150.73, 157.79, 158.57, 168.67 ppm. MS m/z: 548, Anal. Calcd. for C3sH3sN204: C, 76.62; H,
6.61; N, 5.11. Found: C, 76.53; H, 6.70; N, 5.13.

2.1.3. Methyl 2,6-bis(4-bromophenyl)-1-(4-methoxyphenyl)-4-(4-methoxyphenylamino)-
1,2,5,6-tetrahydropyridine- carboxylate (4c)

White solid, mp. 177-179 ° C. FTIR (ATR): v= 3173, 3086, 2961, 1661, 1597, 1253, 838cm™. 1H
NMR (CDCls, 400 MHz) &: 2.51-2.55 (dd, Ji= 15.00 Hz, J.= 2.00 Hz, 1H), 2.62-2.66 (dd, Ji=
15.00 Hz, Jo= 5.00 Hz, 1H), 3.68 (s, 3H), 3.75 (s, 3H), 3.80 (s, 3H), 4.88 (br s, 1H), 6.14-6.19 (d,
J=8.75, 1H), 6.58-6.68 (dd, Ji=8.50 Hz, J>= 2.00 Hz, 2H), 6.84-6.86 (d, J= 9.00 Hz, 2H), 6.92-
7.52 (m, 10 H), 7.67-7.68 (d, J= 8.50 Hz, 2H), 10.02 (s, 1H) ppm. **C NMR (CDCls, 100 MHz)
8: 33.60, 51.07, 55.45, 55.53, 55.64, 57.39, 96.42, 114.13, 114.40, 114.44, 114.58, 120.17,
120.86, 122.27, 127.80, 128.32, 128.63, 129.94, 130.38, 131.24, 131.69, 132.00, 135.37, 140.92,
141.94, 143.15, 144.43, 151.39, 156.71, 156.82, 158.00, 158.52, 168.38 ppm. MS m/z: 678,
Anal. Calcd. for Ca3Hz0Br2N204: C, 58.42; H, 4.46; N, 4.13. Found: C, 58.64; H, 4.61; N, 4.02.

2.1.4. Methyl 2,6-bis(4-isopropylphenyl)-1-(4-methoxyphenyl)-4-(4-methoxyphenylamino)-
1,2,5,6-tetrahydropyridine- carboxylate (4d)

White solid, mp. 230-232 ° C. FTIR (ATR): v= 3249, 3050, 2957, 1651, 1593, 1512, 1176, 805
cmt. ITH NMR (CDCls, 500 MHz) §: 1.07-1.14 (d, J= 16.50 Hz, 12 H), 2.49 (d, J= 16.50 Hz,
1H), 2.67 -2.71 (dd, J1= 12.60 Hz, J.= 2.50 Hz, 1H), 2.77-2.86 (m, 2H), 3.65 (s, 3H), 3.75 (s,
3H), 3.85 (s, 3H), 4.95 (br s, 1H), 5.96 ( d, J= 8.56 Hz, 2H), 6.25 (s, 1H), 6.38-6.41 (d, J=9.10
Hz, 2H ), 6.45-6.59 (dd, J:= 8.80, J>= 9.01 Hz, 2H), 6.85-7.35, ( m, 10H), 10.01 (s, 1H) ppm. 3C
NMR (CDCls, 125 MHz) 6: 24.02, 24.07, 24.13, 24.30, 33.61, 33.84, 50.88, 55.36, 55.64, 58.32,
97.20, 113.67, 113.81, 114.49, 120.11, 123.44, 124.36, 126.21, 126.33, 126.65, 126.68, 127.57,
128.06, 130.73, 132.84, 135.20, 140.89, 141.47, 141.72, 146.55, 147.78, 150.62, 155.94, 157.28,
158.45, 168.70 ppm. MS m/z: 604, Anal. Calcd. for CagHasN204: C, 77.45; H, 7.33; N, 4.63.
Found: C, 77.83; H, 7.20; N, 4.51.
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2.1.5. Methyl 2,6-bis(4-methoxyphenyl)-1-(4-methoxyphenyl)-4-(4-methoxyphenylamino)-
1,2,5,6-tetrahydropyridine- carboxylate (4e)

White solid, mp. 217-219 ° C. FTIR (ATR): v= 3233, 3033, 2952, 1658, 1580, 1505, 1171, 832
cm. 'H NMR (CDCls, 400 MHz) &: 2.60-2.65 (dd, Ji= 19.00 Hz, J,= 3.50 Hz, 1H), 2.73-2.79
(dd, J1= 19.00 Hz, Jo= 5.50 Hz, 1H), 3.66 (s, 3H), 3.74 (s, 3H), 3.79 (s, 3H), 3.82 (s, 3H), 3.89 (s,
3H), 4.97-4.98 (d, J= 2.00 Hz, 1H), 6.23 (s, 1H), 6.29-6.31 (d, J= 11.00 Hz, 2H), 6.44-6.46 (d, J=
1.50 Hz, 2H), 6.63-6.67 (m, 3H), 6.79-6.83 (m, 3H), 6.91-6.94 (dd, Ji= 8.00 H, J2= 2.50 Hz, 1H),
6.96-6.99 (dd, Ji= 8.00 H, J2= 2.50 Hz, 1H), 7.05-7.08 (d, J= 10.50 Hz, 1H), 7.19-7.22 (m, 2H),
7.82-7.85 (dd, Ji= 8.00 H, Jo= 2.50 Hz, 1H), 10.13 (s, 1H) ppm. 3C NMR (CDCls, 100 MHz) §:
33.67, 50.85, 55.19, 55.29, 55.38, 55.47, 55.62, 57.42, 97.04, 113.43, 113.94, 114.14, 114.35,
122.05, 127.57, 127.82, 129.48, 130.23, 130.75, 135.10, 136.17, 141.60, 145.25, 150.89, 157.08,
157.75, 157.87, 157.98, 158.62, 161.98, 168.66 ppm. Ms m/z: 580, Anal.Cal. for CasHssN20s : C,
72.39; H, 6.25; N, 4.82, Found: C, 72.01; H, 6.03; N, 4.71.

2.1.6. Methyl 2,6-bis(3,4-dimethoxyphenyl)-1-(3,4-dimethoxyphenyl)-4-(3,4-
dimethoxyphenylamino) -1,2,5,6-tetrahydropyridine- carboxylate (4f)

White solid, mp. 221-223 ° C. FTIR (ATR): v= 3242, 3053, 2988, 1652, 1589, 1510, 1189, 795
cm. 'H NMR (CDCls, 400 MHz) &: 2.62-2.66 (dd, Ji:= 19.00 Hz, J,= 4.00 Hz, 1H), 2.79-2.84
(dd, J1= 19.00 Hz, Jo= 7.00 Hz, 1H), 3.65 (s, 3H), 3.73 (s, 6H), 3.7 (s, 3H), 3.83 (s, 3H), 3.85 (s,
3H), 3.86 (s, 3H), 4.91-4.93 (d, J= 4.00 Hz, 1H), 6.18 (s, 1H), 6.32-6.35 (d, J= 11.00 Hz, 2H),
6.44-6.47 (d, J= 11.50 Hz, 2H), 6.63-6.70 (m, 6H), 6.73-6.77 (m, 3H), 6.87 (s, 1H), 10.12 (s, 1H)
ppm. 3C NMR (CDCls, 100 MHz) &: 33.82, 50.78, 55.39, 55.58, 55.69, 55.80, 55.91, 55.97,
57.59, 95.55, 109.46, 110.47, 111.10, 113.92, 114.31, 114.72, 118.69, 127.95, 130.70, 135.49,
136.53, 141.56, 147.42, 147.88, 148.65, 149.01, 151.10, 157.31, 157.84, 168.57 ppm. MS m/z:
640. Anal.Calcd. for Ca7HaoN2Os : C, 69.36; H, 6.29; N, 4.37. Found: C, 68.98, H, 6.46, N, 4.24.

2.1.7.  Methyl 2,6-bis(3-nitrophenyl)-1-(4-methoxyphenyl)-4-(4-methoxyphenylamino)-
1,2,5,6-tetrahydropyridine- carboxylate (49)

White solid, mp. 250-251 ° C. FTIR (ATR) v: 3216, 3007, 2916, 1645, 1610, 1584, 1508, 1343,
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1185, 810 cm™. 'H NMR (CDCls, 500 MHz) 6: 2.74 (dd, J1= 15.00 Hz, J,= 2.86 Hz, 1H), 2.82
(dd, J1=15.53 Hz, J,= 2.81 Hz, 1H), 3.69 (s, 3H), 3.74 (s, 3H), 3.83 (s, 3H), 5.19 (br s, 1H), 6.31
(s, 1H), 6.38-6.41 (m, 3H), 6.65-6.68 (d, J= 2.50 Hz, 1H), 7.24-8.17 (m, 12H), 10.16 (s, 1H)
ppm. C NMR (CDCls, 125MHz) §: 33.78, 51.28, 55.46, 55.58, 56.26, 56.97, 95.68, 114.27,
114.80, 115.20, 121.64, 121.73, 125.04, 126.36, 127.67, 129.20, 129.63, 130.75, 132.87, 134.93,
140.12, 141.29, 144.86, 146.49, 148.53, 148.54, 152.17, 156.24, 157.61, 158.32, 168.16 ppm.
MS m/z: 610. Anal.Calcd. for CssH3oN4Osg : C, 64.91; H, 4.95; N, 9.18. Found: C, 65.13; H,
5.01; N, 4.86.

2.1.8. Methyl 2,6-bis(4-benzyloxyphenyl)-1-(4-methoxyphenyl)-4-(4-methoxyphenylamino) -
1,2,5,6-tetrahydropyridine- carboxylate (4h)

White solid, mp. 166-168 ° C. FTIR (ATR) v: 3242, 3034, 2913, 1650, 1574, 1247, 840 cm™. H
NMR (CDCls, 500 MHz) é: 2.51 (dd, J:= 15.00 Hz, J.= 2.86 Hz, 1H), 2.69 (dd, J:= 15.53 Hz,
Jo,=2.81 Hz, 1H), 3.56 (s, 3H), 3.65 (s, 3H), 3.80 (s, 3H), 4.98 (d, J=5.00 Hz, 1H), 5.03 (s, 1H),
6.15-6.22 (m, 4H), 6.38-6.60 (m, 2H), 6.63-6.88 (m, 6H), 6.95 (d, J= 9.20 Hz, 2H), 7.12-7.39 (m,
14H), 7.78 (d, J= 5.02 Hz, 2H), 10.11 (s, 1H) ppm. 3C NMR (CDCls, 125 MHz) §: 33.78, 50.91,
55.26, 55.52, 55.67, 57.48, 70.00, 70.04, 70.11, 97.00, 114.00, 114.24, 114.38, 114.49, 114.94,
115.08, 118.31, 122.12, 123.57, 126.26, 127.47, 127.58, 128.17, 128.65, 128.69, 129.74, 130.29,
132.46, 136.53, 138.04, 140.31, 140.87, 141.28, 144.83, 145.27, 152.41, 157.33, 157.86, 158.01,
161.17, 168.70 ppm. MS m/z: 732. Anal. Calcd. for C47H4sN2O¢ , C, 77.03; H, 6.05; N, 3.82.
Found: C, 77.42; H, 6.14; N, 3.90.

2.1.9. Methyl 2,6-bis(2-thiophenyl)-1-(4-methoxyphenyl)-4-(4-methoxyphenylamino) -
1,2,5,6-tetrahydropyridine- carboxylate (4i)

White solid, mp. 190-192 ° C. FTIR (ATR) v: 3258, 3002, 2948, 1655, 1594, 1511, 1189, 696
cm. 'H NMR (CDCls, 400 MHz) &: 2.75-2.80 (dd, Ji= 13.00 Hz, J= 4.50 Hz, 1H), 2.95-3.00
(dd, J1= 13.00 Hz, J,= 6.50 H, 1H), 3.69 (s, 3H), 3.77 (s, 3H), 3.86 (s, 3H), 5.25-5.27 (d, J= 5.50
Hz, 1H), 6.26 (s, 1H), 6.55-6.56 (d, J= 2.50 Hz, 1H), 6.56-6.57 (d, J= 2.50 Hz, 1H), 6.70-6.71 (d,
J=1.00 Hz, 3H), 6.72-6.73 (d, J= 3.00 Hz, 1H), 6.74-6.75 (d, J= 3.00 Hz, 1H), 6.77-6.79 (dt, Ji=
4.00 Hz, Jo= 1.00 Hz, 1H), 6.80-6.82 (dt, J1= 4.50 Hz, J,=1.50 Hz, 1H), 6.86-6.89 (m, 2H), 7.11-
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7.13 (m, 3H), 10.29 (s, 1H) ppm. 3C NMR (CDCls, 100 MHz) &: 34.19, 37.08, 51.07, 53.66,
55.41, 56.98, 60.81, 96.12, 114.04, 114.16, 115.78, 118.98, 123.37, 124.41, 126.15, 126.32,
126.49, 127.71, 130.79, 131.11, 140.56, 144.57, 147.53, 148.75, 149.59, 151.99, 156.78, 157.84,
168.24 ppm. MS m/z: 532. Anal. Calcd. for C29H28N204S2, C, 65.39; H, 5.30; N, 5.26. Found: C,
65.58; H, 5.21; N, 5.08.

2.1.10. Methyl 2,6-bis(5-methyl-2-thiophenyl)-1-(4-methoxyphenyl)-4-(4-
methoxyphenylamino) -1,2,5,6-tetrahydropyridine- carboxylate (4j)

White solid, mp. 196-198 ° C. FTIR (ATR) v: 3244, 3059, 2951, 1659, 1610, 1581, 1508, 1376,
1242, 1179, 807 cm™. 'H NMR (CDCls, 500 MHz) §: 2.38 (s, 3H), 2.41 (s, 3H), 2.75 (dd, J:=
14.98 Hz, J,=2,01 Hz, 1H), 2.96 (dd, J:= 15.03 Hz, J,= 2.20 Hz, 1H), 3.70 (s, 3H), 3.76 (s, 3H),
3.85 (s, 3H), 5.14 (br s, 1H), 6.12 (br s, 1H), 6.47-7.22 (m, 12H), 10.28 (s, 1H) ppm. 3C NMR
(CDCl3, 125 MHz) 6: 15.41, 15.46, 33.90, 50.81, 53.57, 55.44, 55.54, 96.10, 114.13, 114.26,
114.32, 114.46, 115.54, 122.21, 123.84, 124.02, 124.31, 124.46, 126.15, 127.73, 130.96, 132.13,
137.79, 138.49, 140.75, 144.99, 146.91, 151.78, 156.87, 157.77, 168.33 ppm. MS m/z: 560,
Anal. Calcd. C31H32N204S>, C, 67.86; H, 5.88; N, 6.81. Found: C, 67.69; H, 5.97; N, 6.70.

3. RESULTS AND DISCUSSION

In this study, we investigated the three component one-pot reaction of aromatic aldehydes and
aromatic amine (p-anisidine) with methyl acetoacetate (2:2:1 ratio) using Yb(OTf)sz as catalyst
under stirring at room temperature and ultrasonic irradiation methods (Scheme 1).

For the initial the identification of the suitable solvent and the appropriate concentration of
catalyst, Yb(OTf)s, were examined with the reaction of methyl acetoacetate (1 mmol),
benzaldehyde (2 mmol), p-anisidine (2 mmol) to obtained the 4a.

We have observed that 5 mol % of the catalyst gives the satisfactory results for the reactions.
Selections of solvents also play an important role in one-pot reactions. For this reason, we also
examined the effect of solvents in the reaction. A variety of solvents, such as EtOH, MeOH,
AcOH and ILs (IL 1: 8-ethyl-1,8-diazobicyclo[5.4.0]-7-undecenium trifluoromethane sulfonate,
and IL 2: 1-Ethyl-2,3-dimethylimidazoliumtetrafluoroborate) have been investigated. Among the
selected solvents MeOH was the best of them in the synthesis of tetrahydropyridines showed in
Table 1.
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NH, NH O

o o
Yb(OTf)3, (5 mol%), MeOH Ny~ OCHS;
ZE:EJ * Hac/l\/ﬂ\oc;H3 + 2RCHO :

rt or US at 60 °C R™ °'N” R
OCHj,

OCH,

4a4

Scheme 1. Multicomponent synthesis of substituted piperidines.

Table 1. Effect of different catalysts, solvents, and conditions on construction of 4a

1

QL
NH, CHO NH O

o O
N OCH3
2 + H3CMOCH3 + 2 ——
10
2
R1 R R2 © R2

R1
Entry R? R? Product | Catalyst/ Conditions Yield (%)

1 -OCHs -H 4a Yb(OTf)s (5%)/MeOH, 83
rt, stirring, 20h

2 -OCHs -H 4a Yb(OTf)3 (5%)/ AcOH, 74
rt, stirring, 20h

3 -OCHs -H 4a Yb(OTf)s (5%)/MeOH, 70

Us, 3h

4 -OCHs -H 4a Yb(OTf)3 (5%)/EtOH, 76
US, 60°C, 3h

5 -OCHs -H 4a Yb(OTf)s (5%)/MeOH, 80
US, 60°C, 3h

6 -OCHs -H 4a Yb(OTf)s (5%)/ 72

CH3CN, US, 60°C, 3h

7 -OCHs -H 4a Yb(OTf)s (5%)/IL 1, 30
US, 60°C, 3h

8 -OCHs -H 4a Yb(OTf)z (5%)/IL 2, 63
US, 60°C, 3h

IL 1: 8-ethyl-1,8-diazobicyclo[5.4.0]-7-undecenium trifluoromethane sulfonate (DBU)
IL 2: 1-Ethyl-2,3-dimethylimidazoliumtetrafluoroborate ( EDIMIM BF4)
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All stirring at the room temperature reactions were performed in the presence of 5 mol amount of
the catalyst for 20 h (method A). We decided to perform this reaction under ultrasonic irradiation
to get a shorter reaction time, and higher yield (method B). First the model reaction was
examined under US with different solvents and temperature. The reaction was completed in 3 h
with a yield of 70 %. When the temperature was increased from room temperature to 60°C, the
yield of the products was better, as indicated in Table 2.

A number of aromatic aldehydes were checked to study the majority and range of this synthetic
procedure. Quite a lot of aromatic aldehydes with different substituents for instance Me, Br, NO,
OCH2C¢Hs and CH(CHz3). were reacted with p-anisidine and methyl acetoacetate in the same

reaction conditions. The functionalized piperidines were formed in moderate yields at all these

reactions.
Table 2. Synthesis of 2,6-bis(substitutedphenyl)-1-(4-methoxyphenyl)-4-(4-
methoxyphenylamino) -1,2,5,6-tetrahydropyridine- carboxylate
Entry R Product Method A Yield Method B Yield
(%)/Time (h) (%)/Time (h)
1 CeHs 4a 83/20 80/3
2 4-Me-CsHs 4b 78/20 76/3
3 4-Br- CeHs 4c 83/20 82/3
4 | 4-CH(CH3)2-CeHs 4d 90/20 86/3
5 4-OMe-CgHs 4e 81/20 78/3
6 3,4-di0OMe-CsH4 Af 76/20 7213
7 3-NO2- CeHs 49 87/20 83/3
8 4-benzyloxy-CeHs 4h 88/20 85/3
9 2-thiophenyl 4i 90/20 8713
10 | 5-Me-thiophen-2-yl 4j 86/20 83/3

Method A: Yb(OTf)s (5%), 5 mL MeOH, rt, stirring.

Method B: Yb(OTf)s (5%), 5 mL MeOH, 60 °C, US.
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Furthermore, the structure of all products was approved by spectrophotometric methods (FTIR,
'H NMR, ¥C NMR, EA and MS). 4a, 4b, 4c, 4e and 4i have been synthesized before with the
other methods [5, 7, 14, 19, 27].

A possible mechanism for the generation of these functionalized piperidines is outlined in
Scheme 2. A similar mechanism was postulated in some literatures [25, 26, and 3] before. In the
first step, Yb(OTTf)s be able to act as a Lewis acid catalyst for the reaction of the p-anisidine (4-
methoxyaniline) and methyl acetoacetate (1,3-dione) to give the B-enamine 1. After the addition
of aromatic or hetaryl-aldehyde, this enamine 1, gives the Knoevenagel-type product 2. The
intermediate 2 undergoes catalyzed imine-enamine tautomerization to form 3, which becomes
stable by intramolecular hydrogen bonding. Yb(OTf)3 facilitates the constitution of imine besides
that enamine 1 in the multicomponent reaction. This imine form and the intermediate 3 undergo a
[4+2] Aza-Diels-Alder reaction to give the polysubstituted piperidine derivatives [10, 17]
(Scheme 2).
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Scheme 2. A plausible mechanism for the synthesis of piperidines
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4. CONCLUSIONS

We have demostrated a remarkable and practical one-pot procedure for synthesis of Methyl 2,6-
bis (substitutedaryl)-1-(4-methoxyphenyl)-4-(4-methoxyphenylamino) -1,2,5,6-
tetrahydropyridine- carboxylate compounds via various aldehydes, p-anisidine and metyl
acetoacetate. This reaction has been carried out under ultrasound irradiation is the first report of
synthesis of tetrahydropyridine compounds catalyzed by Yb(OTf)s under ultrasonic irradiation.

This method has approached several advantages such as short reaction times and good yields.
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MECHANICAL PROPERTIES OF FLY ASH AND BLAST FURNACE
SLAG BASED ALKALI ACTIVATED CONCRETE

Saadet Gokce GOK**, Kadir KILINC!

! Kirklareli University, Faculty of Engineering, Department of Civil Engineering, Kayali Campus, Kirklareli, Turkey

ABSTRACT

Cement is one of the commonly used materials in construction projects. In manufacture of
Portland cement, clinker, which is the essential component of cement, is ground into smaller
particles. During the formation of clinker, limestone (CaCOs3) is converted to lime (CaO) and
carbon dioxide is emitted as a by-product of this chemical reaction. Cement production is an
environmentally hazardous process due to high carbon dioxide emission during clinker
production and fossil-fuel consumption for providing energy in production. Alternative
construction materials which are more energy efficient and environmentally friendly can be
preferred for sustainability. In order to use alternative materials and production methods,
mechanical and physical properties of these materials should be examined thoroughly. In
concrete production, strength, durability and workability should be in proper limits as well as
considering economical factors. In this study, geopolymeric materials were used as an alternative
to conventional concrete, and alkali activated concrete was produced. In this process, no cement
was used. Pozzolanic materials such as fly ash and blast furnace slag were activated with alkaline
liquids and gained binding property. In production of geopolymer concrete, pozzolanic materials,
aggregates and alkaline activators were used. Mechanical properties of fly ash and blast furnace
slag based geopolymer concrete were investigated. Compressive strengths of the cubic concrete
specimens at the ages of 7 and 28 days were determined and the effect of ambient conditions on
geopolymer concrete was examined. As a consequence, it was found that the increase in the
amount of blast furnace slag resulted in higher compressive strength values.

Keywords: Alkali activated concrete, cement-free concrete, geopolymer, sustainability,
waste management.
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ALKALI ILE AKTIVE EDILMIS UCUCU KUL VE YUKSEK FIRIN
CURUFU ESASLI BETONLARIN MEKANIK OZELLIKLERI

OZET

Cimento, insaat projelerinde en ¢ok kullanilan yap1 malzemelerinden biridir. Portland
¢imentosunun iiretiminde, ¢imentonun temel bilesenlerinden biri olan klinker ogiitiilerek daha
ince pargaciklar haline getirilir. Klinker olusumu esnasinda kiregtasi (CaCO3), kirece (CaO)
dondistiirtiliir ve bu kimyasal reaksiyonun yan iirlinii olarak karbondioksit aciga ¢ikar. Klinker
iretimi sirasinda agi8a ¢ikan karbondioksitin yami sira {iretim asamasinda kullanilan fosil
yakitlarin tiiketimiyle de yiliksek miktarda karbondioksit salimi gerceklestiginden, g¢imento
tiretimi cevreye zarar veren bir siirectir. Siirdiiriilebilirlik ac¢isindan bakildiginda, enerji
verimliligi daha fazla ve gevreye dost alternatif yap1 malzemelerinin tercih edilmesi daha uygun
olacaktir. Alternatif malzemelerin ve liretim yontemlerinin kullanilabilmesi i¢in, bu malzemelerin
mekanik ve fiziksel oOzellikleri kapsamli olarak incelenmelidir. Beton {liretiminde dayanim,
dayaniklilik ve islenebilirlik 6zelliklerinin uygun siirlarda olmasi gerekirken ekonomik faktorler
de g6z oniinde bulundurulmalidir. Bu calismada, geleneksel beton iiretimine alternatif olarak
geopolimer malzemeler kullanilmis ve alkali ile aktive edilmis beton {iretimi gergeklestirilmistir.
Bu iiretim sirasinda ¢imento kullanilmamstir. Ugucu kiil ve yiiksek firin ciirufu gibi puzolanik
malzemeler, alkaliler ile aktive edilerek bu malzemelere baglayici 6zellik kazandirilmistir.
Geopolimer beton iiretimi sirasinda, puzolanik malzemeler, agregalar ve alkali aktiflestiriciler
kullanilmustir. Uretilen ugucu kiil ve yiiksek firin ciirufu esasl geopolimer betonlarm mekanik
ozellikleri incelenmistir. Kiip seklinde dokiilmiis beton numunelerin 7 ve 28 giinliilk basing
dayanimlar1 belirlenmis ve ortam kosullarinin geopolimer beton iizerindeki etkisi gézlenmistir.
Calisma sonucunda, yiiksek firin ciirufu miktarindaki artisin beton basing dayanimini arttirdigi
gorilmiistir.

Anahtar kelimeler: Alkali ile aktive edilmis beton, ¢imentosuz beton, geopolimer,

siirdiiriilebilirlik, atik yonetimi.
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1. INTRODUCTION

The annual consumption of Portland cement in the world reaches 4-5 billion tonnes per year
and there is an increasing demand of 5% per year. Taking into consideration that the other
components of concrete production such as aggregates and water, it can be observed that the
annual consumption of concrete reaches more than thirty billion tonnes. Besides, one tonne of
carbon dioxide is released per one tonne of cement production, and other greenhouse gases are
emitted during production. The other factors damaging environment are the depletion of stone
quarries and water in conventional concrete production. All these factors make the sustainability

of conventional concrete as a construction material questionable [1].

By taking concrete produced with Portland cement into account as a waste management issue,
it can be seen that by-products such as fly ash and blast furnace slag are used in concrete as 40-
60% by weight of cement for economic and recycling purposes. On the other hand, only 35% of
fly ash released by thermal plants can be reused in this way [2]. The developing technologies

should make cement production cleaner and more energy-efficient.

It is possible to produce energy-efficient, low cost building materials with geopolymers,
which is the main element of this study. Geopolymers are produced with processing natural
geological minerals’ chemical composition. Geopolymers are used in a wide variety of
applications for different purposes such as refractory building materials having high thermal
resistivity, high-strength concrete, bricks, mortar based strengthening materials, electrical fuse
and radioactive waste storage units [1].

Geopolymers are obtained by activating binders such as fly ash, slag, kaoline, metakaolin,
etc. For activation process, alkaline solutions like sodium silicate, sodium hydroxide and
potassium hydroxide are used. Alkali activated pozzolanic material can also be called as
geopolymer paste. Silicate and aluminate which are contained in fly ash based geopolymers, are
activated by alkaline. The main material used for geopolymerisation can be one, or a combination
of different materials [3]. The commonly used alkaline are sodium silicate-sodium hydroxide and
sodium silicate-potassium hydroxide [4-7].
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The chemical composition of geopolymers is similar to the zeolites, but geopolymers have
amorphous microstructure [5]. The molecule groups of geopolymers are as follows [1, 7 and 8]:
- Si-O-Si-O-siloxo, poly(siloxo)
- Si-O-Al-O- sialate, poly(sialate)
- Si-0O-Al-0-Si-O- sialate-siloxo, poly(sialate-siloxo)
- Si-0O-Al-0-Si-0-Si-O- sialate-disiloxo, poly(sialate-disiloxo)
- P-0O-P-O- phosphate, poly(phosphate)
- P-0-Si-O-Al-O-P-O- phospho-sialate, poly(phospho-sialate)
- (R)-Si-O-Si-O-(R) organo-siloxo, poly-silicone

Fly ash is a by-product which is released from thermal plants, having hollow circular particles.
Fly ash particles contain amorphous silicate structured crystals such as mullite, hematite and
quartz. Fly ash transforms into fine crystals having large amounts of silicate, aluminate and iron
oxide with the effect of high temperature in thermal plants, and an efficient raw material for

geopolymerisation process is obtained [9].

Fly ash balances the hydration energy and increases the amount of silicate hydrate (binder)
with the silicate contained in fly ash, when it is used as pozzolans in conventional concrete. It

also prevents alkali-aggregate reaction and provides toughness.

The advantage of fly ash in geopolymer production is the composition of large amounts of
Al,O3 and SiO,. Especially F-type fly ash contains large amounts of these components. Fly ash
having fine, hollow and circular particles and having large amounts of silicate is convenient for
geopolymerisation. These particles can be obtained when the temperature is higher than 1200°C

in a thermal plant.

The first product which is produced with fly ash and alkali silicate, is CAFA cement and it is
patented in US [10]. Concrete specimens cured at 90°C temperature for 18 hours had compressive
strength values reaching 85 MPa. Zeolite matrixed geopolymers can also be synthesised with
solutions containing only alkaline salts, instead of soluble silicates but this casting process is
harmful for producer because of the high alkaline media [1].
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The main properties of fly ash composition to produce high-strength and durable

geopolymeric materials are stated as follows [11]:

- SiO,/Al,03 compounds should exist in fly ash composition in the range between 2-3.5% by
weight.

- CaO amount should be limited just like pozzolans.

- There should not be sulphite compounds and metals in composition.

- Fe O3 compound, and crystals of hematite and magnetite decelerate the geopolymerisation
process and decrease the compressive strength.

- The amount of unburnt carbon particles in coal should be in minimum because of their

negative effects on material properties.

2. MATERIALS & METHODS

In this experimental study, fly ash, blast furnace slag, fine aggregate (sand), coarse aggregate
with maximum aggregate size of 20 mm (crushed stone Il), coarse aggregate with maximum
aggregate size of 12 mm (crushed stone 1) and alkaline activators were used. 12 Molar potassium
hydroxide solution was prepared and this solution was used after 24 hours. Then, potassium
hydroxide solution and liquid sodium silicate were mixed and this new solution was used as
alkaline activator. Blast furnace slag was used as a weight of 4, 10 and 20 percents of total
binder. Pozzolanic binders were activated with alkaline activator for geopolymer concrete
production and 15 cm x 15 cm x 15 c¢cm cubic concrete specimens were produced. Concrete
specimens were left in outdoor and in laboratory conditions without any curing, before
compressive strength test was applied. Compressive strengths of specimens were determined at

the ages of 7 and 28 days. The geopolymer concrete mix design was shown in Table 1.
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Table 1. The geopolymer concrete mix design.

Component amount
(kg/m’)
Sodium
Coarse Coarse
Fine . 12 Molar Alkaline silicate
Blast aggregate aggregate Sodium . . .
Fly aggregate N potassium activator- solution-
furnace (20 mm) (12 mm) silicate . ]
ash (Natural . hydroxide fly ash potassium
slag Crushed Crushed solution ] ) .
sand) . . solution ratio hydroxide
limestone Il limestone | . )
solution ratio
4%
BES 643 27 600 320 650 121 121 0.37 1
10%
BES 603 67 600 320 650 121 121 0.40 1
20%
BES 536 134 600 320 650 121 121 0.45 1

BFS: Blast furnace slag

3. RESULTS & DISCUSSION

Compressive strength test results of geopolymer concrete at the ages of 7 and 28 days were
indicated in Table 2 and Table 3. For each sample group, six cubic specimens at the sizes of 15
cm x 15 cm x 15 cm were prepared and tested under compressive loads. As it can be seen from
tables below, outdoor conditions provided an increment on early age compressive strength of
alkali activated concrete while laboratory conditions provided higher 28-day compressive
strength. It was found that blast furnace slag provided higher compressive strength values of

alkali activated concrete.
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Table 2. Compressive strength test results of geopolymer concrete specimens which were left
in laboratory conditions without curing.

Compressive Strength (MPa)
Mixture Code In laboratory conditions
7-days 28-days
4% BFS 6.60 15.40
10% BFS 12.34 28.20
20% BFS 21.53 42.70

Table 3. Compressive strength test results of geopolymer concrete specimens which were left
in outdoor and in laboratory conditions without curing.

Compressive Strength (MPa)
Mixture Code In outdoor conditions In laboratory conditions
7-days 28-days 7-days 28-days
15% BFS 27.07 38.25 18.90 45.74
25% BFS 37.26 49.29 27.75 67.00

4. CONCLUSIONS

The main outcomes of this research can be summarized as follows:

e As the amount of blast furnace slag increased, compressive strength of geopolymer
concrete increased.

e When blast furnace slag was used at 25% by weight of cement, it was reached higher
compressive strength values such as 67 MPa without using cement. This indicates that
geopolymer can be used for specific-targeted projects in future.

e The use of geopolymers is substantial in concrete production as lowering energy
consumption and decreasing carbon dioxide emission.

e Environmentally friendly concrete can be produced by using waste materials. With
alkaline activators and recycled materials, and by using different methods (pressurized

forming, extrusion, etc.) in designs of semi-dry mix, the prefabricated elements, paving

Mechanical Properties of Fly Ash and Blast Furnace Slag Based Alkali Activated Concrete 129



Ty,
P,
& \

%
& 10 3
Arastirma Gok&Kiling | Kirklareli University Journal of Engineering and Science 3(2017) 123-131 ="

stones, curbs, decorative tiles, facing tiles, concrete pipes, bricks and refractory building
materials can be produced.

e For future research, the use of geopolymers in buildings placed in highly seismic zones
can be investigated. The following methods can be suggested for future studies: Obtaining
alkaline activators from industrial wastes can be a beneficial study for environmentally
friendly concrete production processes. Geopolymer concrete can be produced with
different pozzolanic binders such as silica fume. Facing tiles in different sizes can be
produced with geopolymeric materials. Instead of using commercial silicate chemicals,
solid silicate resources can be investigated to reduce the cost of geopolymer production.

The use of solid silicate resources can lower the cost of production.

ACKNOWLEDGEMENT

We would like to thank Ersin DANIS (Chairman of Danis Group Company) and Umut DANIS.
We would also like to thank Senol ALDEMIR, Ali EKEN and Gurbet BATAN (Atilim Beton
Quality Control Staffs) for their great support on performing this study.

Mechanical Properties of Fly Ash and Blast Furnace Slag Based Alkali Activated Concrete 130



.
ng ,
& o4 %

[

Bk ®
Arastirma Gok&Kiling | Kirklareli University Journal of Engineering and Science 3(2017) 123-131 ="

REFERENCES

[1] Davidovits J. (2008). Geopolymer Chemistry and Applications, Saint Quantin, France.

[2] Mehta P.K. (2000). Reflections on Recent Advancements in Concrete Technology, Second
International Symposium on Cement and Concrete Technology in 2000s, September 6-10, 1,
Istanbul, pp. 43-57.

[3] Xu H. and Van Deventer J.S.J. (2002). Geopolymerisation of Multiple Minerals, Minerals
Engineering, 15 (12), 1131-39.

[4] Palomo A., Grutzeck M.W., Blanco M.T. (1999). Alkali-activated fly ashes, a cement for the
future, Cement and Concrete Research, 29 (8), 1323-29.

[5] Xu H., Van Deventer J.S.J. (2000). The Geopolymerisation of Alumino-Silicate Minerals,
International Journal of Mineral Processing, 59 (3), 247-66.

[6] Van Jaarsveld J.G.S., Van Deventer J.S.J., Lukey G.C. (2002). The Effect of Composition
and Temperature on the Properties of Fly Ash and Kaolinite-based Geopolymers, Chemical
Engineering Journal, 89 (1-3), 63-73.

[7] Swanepoel J.C., Strydom C.A. (2002). Utilisation of fly ash in a geopolymeric material,
Applied Geochemistry, 17 (8), 1143-48.

[8] Davidovits J. (2008). They Built the Pyramids, published by Institute Geopolymer, Saint
Quentin, France.

[9] Sullivan A., Hill R.G. (2001). Inexpensive glass polialkenoate cement based on waste gasifier
slag, Proceedings of the European Union Thematic Progress Workshop, Morella.

[10] Silverstrim T., Rotsami H., Larralde J.C., Samadi M.H. (1997). Fly ash cementitious
material and method of making a product, US Patent 5, 601, 643, USA.

[11] Duxson P., Fernandez J.A., Provis J.L., Lukey G.C., Palomo A., Van Deventer J.S.J. (2003).

Geopolymer technology: the current state of the art, Journal of Materials Science, 42, 2917-2933.

Mechanical Properties of Fly Ash and Blast Furnace Slag Based Alkali Activated Concrete 131



1y,
_‘,sa“ %,
Fo o h
§

il

Arastirma Kurt&4kézcan | Kirklareli University Journal of Engineering and Science 3(2017) 132-141 - "%

TERMOLUMINESANS DOZIMETRELER iLE DOZ DAGILIMLARININ
INCELENMESI

Zeynep Agelya KURT", Serpil AKOZCAN™,
Kirklareli Universitesi, Fen Edebiyat Fakiiltesi, Fizik Béliimii, Kirklareli

OZET

Iyonlastirict radyasyon uzun siiredir kanser tedavisinde kullanilmaktadir. Radyoterapi, radyasyon
tedavisi veya radyasyon onkolojisi olarak da ifade edilen kanser tedavisinde kullanilan temel
yontemlerden biridir. Termoliiminesans dozimetreler (TLD) kiigiik boyutlart ve yiiksek
hassasiyetleri sebebiyle radyoterapi kaynaklarmmin c¢evresindeki doz oOlgiimlerinde rutin olarak
kullanilirlar. Bu ¢alismada Bezmidlem Vakif Universitesi Tip Fakiiltesi Hastanesi Radyasyon
Onkolojisi Kliniginde bulunan Lineer hizlandirici ve *°Co kaynagi kullanilarak alinan radyasyon
dozu termoliiminesans dozimetre ile belirlenmistir. Calismada 3.2 x 3.2 x 0.89 mm boyutlarinda
LiF : Mg, Ti (TLD - 100) ¢ip dozimetreler, 2 Gy’lik 1sinlama dozu i¢in Harshaw TLD 3500
okuyucu sistemi ile degerlendirilmistir. Calismada elde edilen sonuglardan en yiiksek radyasyon
dozlarinin hasta yastig1 alt1 ve gozlere ait oldugu tespit edilmistir.

Anahtar kelimeler: TLD, Dozimetri, Doz, Lineer Hizlandirici, *°Co

RESEARCH OF DOSE DISTRIBUTION BY THERMOLUMINESCENCE
DOSIMETRIES IN RADIOTHERAPY APPLICATIONS

ABSTRACT

lonizing radiation has been used for therapy of cancer for a long time. Radiotherapy referred to as
radiation therapy or radiation oncology, is one of the principal modalities used in the treatment of
cancer. Thermoluminescent dosimeters (TLD) are routinely used to measure the dose around
radiotherapy sources due to their small size and high precision. In this study, we were determined
the radiotion doses received from Bezmiadlem University Faculty of Medical Hospital Clinic of
Radiation Oncology linear accelerator and ®°Co Source using thermoluminescent dosimeter. In
the present work the precision of LiF:Mg, Ti (TLD-100) chip dosimeters with dimensions of 3.2 x
3.2 x 0.89 mm was evaluated in Harshaw TLD 3500 reader, for 2 Gy irradiation dose. The results
which obtained from the current study were showed that the highest radiation doses were
received by patient pillow down and her eyes.

Key words: TLD, Dosimetry, Dose, linear accelerator, ®*Co

*serpil.akozcan@Kklu.edu.tr

Termoliiminesans Dozimetreler fle Doz Dagilimlarinimn Incelenmesi 132



i,
&%

K,
e
s

Wl
-y

Arastirma Kurt&4kézcan | Kirklareli University Journal of Engineering and Science 3(2017) 132-141 -

GIRIS:

Radyasyon terimi 1895 yilida Wilhelm Rontgen'in X-1sinlarint kesfi ile hayatimiza girmis ve
kullanilmaya baslanmistir. Radyasyon, dalga, parcacik veya foton seklinde yayilan bir enerji
tiirlidiir ve hayatimizda daima var olan ve birlikte yasadigimiz bir olgudur. Radyasyon,
“Iyonlastirici Radyasyon” ve “Iyonlastirict Olmayan Radyasyon” olmak iizere ikiye ayrilir.
Iyonlastiric1 olmayan radyasyon tiirleri arasinda gériiniir 151k, radyo ve mikro dalgalar sayilirken,

gama ve X-isinlari, alfa, beta pargaciklari ve notronlar iyonlastirict radyasyon grubuna

girmektedirler [1,2].

Niikleer teknolojinin gelismesine paralel olarak, son yillarda Ozellikle kanser teshis ve
tedavisinde kullanilan pek cok yeni cihaz gelistirilmistir. Tedavilerin basarili bir sekilde
yapilabilmesi i¢in kullanilan tedavi diizeyli dozimetre sistemlerinin belirli araliklarla, standart
radyasyon kaynaklar1 veya standart dozimetreler kullanilarak kalibre edilmesi 6nemlidir. Giinliik
hayatimizda radyasyon ile calisan gorevliler diger kisilere gore daha fazla radyasyon dozuna
maruz kaldiklar i¢in radyasyon doz limitleri diinya saglik drgiitlerince belirlenmis olup, hekim
ve diger tip personelinin alacaklari radyasyon dozlarinin miisaade edilen limitler araliginda
olmast zorunlu hale getirilmistir [1]. Bunun i¢in de gerekli dozimetrik 6l¢iimlerin radyasyonla
calisan kisilerde ve calistiklar1 alanlarda rutin olarak yapilmasi gerekmektedir. Bunun i¢in insan
duyu organlart ile algilanamayan iyonlastirici radyasyonlarin varliini tespit etmede ve seviyesini
Olcmede, korunma amacli dozimetre ve radyasyon doz hizi dlger olarak isimlendirilen cihazlar
gelistirilmis ve yaygin sekilde kullanilmaya baglanmistir.

Termoliiminesans dozimetre (TLD), radyoaktif bir kaynaktan ¢ikan iginlari ve bu kaynaklar
cevresinde calisan insanlarin aldiklar1 radyasyon miktarin1 belirlemek i¢in kullanilan kiigiik
boyuttaki dedektorlerdir. TLD ler teshis, tedavi veya her ikisinde birden yapilan uygulamalar
sirasinda hastanin viicudu iizerine yerlestirilerek maruz kalinan iyonlagtirict radyasyon miktarinin
belirlenmesi i¢in sik¢a kullanilmaktadir [3,4]. TLD’lerin dozimetre araci olarak kullanilmasinin
en 6nemli sebeplerinden biri absorbe edilen doz ile 1sinlama sonras1 malzeme tarafindan yayilan
1518in yogunlugu arasindaki iligkidir. Ayni zamanda yiiksek hassasiyetleri, genis bir doz
araliginda dogrusal doz cevabina sahip olmalar1 ve kii¢iik boyutlari nedeniyle doz dlgiimlerinde

siklikla tercih edilmektedirler [5]. TLD olarak kullanilan kristallerden bazilar1 arasinda
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magnezyum (Mg) ve titanyum (T1) ile katkilanmig lityum floriir (LiF:Mg,Ti), manganez (Mn) ile
katkilanmis kalsiyum florlir (CaF2:Mn), disprozyum (Dy) ile katkilanmis kalsiyum floriir
(CaF,:Dy), karbon (C) ile katkilanmis aliiminyum oksit (Al;O3:C), manganez ile katilanmig
lityum borat (Li, B; O7:Mn) sayilabilir. Bunlar arasinda personel dozimetri ¢alismalarinda en sik
kullanilani, TLD-100 olarak isimlendirilen ve etkin atom numarasi (Zes =8.14) dokuya esdeger
olan LiF:Mg,Ti’dir

1940 yillarinda niikleer reaktdrlerin gelistirilmesi ile yiiksek enerjili gama 1sinlar1 yayan yapay
radyoaktif maddeler elde edilmis ve ilk radyoaktif kobalt (*°Co) kaynagi 1951 yilinda Kanada’da
teleterapi Unitesi olarak kullanilmaya baglanmistir. %0Co teleterapi cihazlari radyasyon kaynagi
olarak ®°Co kullanilan cihazlardir. ®°Co teleterapi cihazi kaynagin bulundugu kafa, 1sinin hastaya
gonderildigi kolimator, kafanin 80 ya da 100 cm’lik izomerkez etrafinda donmesini saglayan
gantry, hastanin tedavi edildigi masa ve cihazin uzaktan kontroliinii saglayan konsoldan
olusmaktadir [2, 6].

Niikleer tip ve radyoloji alaninda calisan tip personelleri ve tedavi goren kanser hastalari
iyonlastirict radyasyona yiiksek Ol¢iide maruz kalmaktadir. Bu ¢alismanin amact iyonlastiric
radyasyon ve etkilerine karsi ¢calisanlarin, hastalarin ve ¢evrenin belirlenen bir siire i¢cinde, maruz
kalinan radyasyon dozlarmin dlgiimiiniin yapilmasidir. Bu amagla Bezmidlem Vakif Universitesi
Tip Fakiiltesi Hastanesi Radyasyon Onkolojisi Klinigi’nde lineer hizlandirici cihazi odasinda ve

disinda bir dozimetre yerlesim plani olusturulmustur.

MATERYAL VE METOT

Bu calismada Bezmialem Vakif Universitesi Tip Fakiiltesi Hastanesi Radyasyon Onkolojisi
Klinigi’ nde, PET/BT odasinda insan benzeri fantom kullanilarak, hem fantomun iizerine hem de
odada cihazdan belirli mesafede bulunan yerlere ve kumanda odasina TLD-100 dozimetreler
yerlestirilmis ve PET/BT den kaynaklanan sagilan radyasyon dozu tespit edilmistir. Bu islem i¢in
104 adet TLD-100 dozimetre kullanilmistir (Sekil 1). Her bir TLD-100 dozimetre 3.2 mm x 3.2
mm, kalinlig1 0.89 mm boyutlarinda ve LiF:Mg,Ti igeriginde olup insan dokusu esdegerine yakin
olmasindan dolay1 ¢alisma igin segilmistir.

Calismada daha once hi¢ islem gérmemis 104 adet TLD, kalibrasyon islemi i¢in Kirklareli
Universitesi Merkezi Arastirma Laboratuvari’nda bulunan PROTHERM PLF 120/7 model
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firinda ilk 6nce 400°C’de 1 saat 10 dakika, daha sonra 100°C’de 2 saat tavlanmis ve tiim bu
tavlama islemlerinden sonra secilen 104 adet TLD kalibrasyon islemi i¢in hazir duruma

getirilmistir.
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Sekil 1. Calismada Kullanilan TLD-100 Dozimetreler.

Kullanilan dozimetrelerin kalibrasyonu igin Trakya Universitesi Tip Fakiiltesi Hastanesi
Radyasyon Onkolojisi Klinigi’nde bulunan Cyrus marka lineer hizlandirict ve insan dokusu
esdegerine sahip bolus kullanilarak 80 cm SSD degerinde, 20 cm x 20 cm matriks alanda,

yiizeyden 0.5 cm derinlikte her biri 1 Gy doz alacak sekilde 1sinlanmuistir.

Sekil 2. TLD Okuyucu Sistemi
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Tim termoliiminesans Ol¢iimleri Harshaw Model 3500 TLD okuyucu kullanilarak yapilmistir
(Sekil 2). Dozimetre kalibrasyonu sonucunda 79 adet TLD-100 calismada kullanilmak {izere
belirlenmistir.

Kalibre edilen dozimetreler Bezmidlem Vakif Universitesi Tip Fakiiltesi Hastanesi Radyasyon
Onkolojisi Klinigi’nde PET/BT odasinda insan benzeri rando fantom kullanilarak, fantom
lizerinde, yattig1 masa etrafinda, 1sinlama ve kumanda odasinda 36 farkli noktaya yerlestirilmistir.
Rando materyalleri radyasyon emilimi agisindan, foton ve elektronlar icin insan dokularina
esdegeridir olmakla beraber, rando plastigi radyasyon ve fiziksel degisimlere karsi ¢ok duyarhdir.
Calismada radyoterapi merkezlerinde doz 6l¢iimleri i¢in kullanilmak iizere iiretilen 100 cm
uzunlugunda ve 50 kg agirligindaki kadin fantom kullanilmistir (Sekil 3).

Calismada TLD’lerin kalibrasyonu igin Trakya Universitesi Tip Fakiiltesi Hastanesi Radyasyon
Onkolojisi Birimi’ne ait %Co teleterapi cihazi (CIS-B10, CYRUS, 1996) kullanilmistir (Sekil 3).
Terapi kafast kursun kilif igine yerlestirilmis 2 cm ¢apinda %Co kaynak icermekte olup
+180°’1ik a¢1 ile hareket etme yetenegine sahiptir. Kaynak-aks mesafesi (SAD) 80 cm olup
cihazda birbirinden bagimsiz hareket eden ve kolimator alan boyutlar1 3.5x3.5 cm’den 32x32
cm’ye kadar acilabilen iki kolimatdr sistemi bulunmaktadir.

Calismada igerisinde 0Co kaynak bulunan Cyrus marka model Lineer Hizlandirict kullanilarak
kadin fantoma 2 Gy’ lik total kranium (kafa) 1sinlamas1 yapilmistir (Sekil 3). Ayni siralamada ve
ayn1 yerlesimlerle 6l¢timler 3 kez tekrar edilmistir.

Her 1sinlanma sonrast TLD okuyucu yardimiyla 1sima Ol¢timleri alinmis ve 1s1ma egrilerinden

yararlanarak TLD’lere ait doz degerleri hesaplanmistir (Sekil 4).
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Sekil 4. Calismada elde edilen 6rnek 151ma egrisi.
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SONUCLAR VE TARTISMA

Bu calismada, icinde ®°Co kaynagt bulunan lineer hizlandirict cihazi kullanilarak tiim viicut
1sinlama pozisyonunda 2 Gy siddetinde 1sinlama islemi gerceklestirilmis ve bu islemin belirli
konumlarda yarattig1 etkilerin incelenmesi amacglanmistir. Calismada kullanilan TLD’ler ilk
olarak tavlama prosediirlerine uygun olarak tavlandiktan sonra kalibre edilmis ve 36 ayr1 noktaya
ikiser tane TLD yerlestirilmistir. Her bir konumlama ve 6l¢iim icin elde edilen ortalama sonuglar

Tablo 1’de verilmistir.

Calismada ii¢ ayr1 Ol¢iim sonucunda elde edilen degerlerin ortalamasi alinmis ve TLD-
100’lerden hesaplanan sogurulan doz siddetlerinin 0.05 ile 1.6 Gy deger aralifinda degistigi
goriilmiistiir. Bu degisim literatiirde de belirtildigi gibi dozimetrelerin konumlandirilmasindaki
farkliliktan kaynaklandigi diisiniilmektedir. En yiliksek doz degeri rando fantomun kafasinin
altindaki yastik bolgesinde hesaplanmis olup, iic Ol¢iim i¢in ortalama 1.59 Gy siddetinde
bulunmustur. Konumlandirilan TLD-100 dozimetreleri arasinda oOlgiilen en diisiik siddet zirhlh
kap1 karsisinda yer alan koridorda bulunmustur.

Bu konuda diinyada yapilmis baska calismalarda hesaplanan degerler ve ¢alismamizda 6l¢iilen
dozlar arasinda olusan farklarin nedenlerinden birinin de kalibrasyon ve okuma prosediiriinden
kaynaklanan  hatalardan ve TLD’leri fantoma yerlestirirken yapilan hatalardan

kaynaklanabilecegi ve ozellikle yiiksek doz degisimi olan noktalarda, TLD ile elde edilen
hesaplarda doz farkliliginin olabilecegi belirtilmistir [7,8,9].
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Tablo 1. 36 ayr1 noktaya yerlestirilen TLD-100’lerin ortalama sonuglari
Hesaplanan Hesaplanan
Dozimetre Yeri Ortalama Doz Dozimetre Yeri Ortalama Doz
(mGy) (mGy)
Masa Basi fantom kafa Kapi girisi sol duvar
. ) 5.8310.78 0.16£0.05
hizasi sag taraf
Masa Basl fantom kol hizasi Sol duvar
. 4.891+0.51 0.22+0.03
sag taraf
Masa sag taraf 0.85+0.10 Fantom karsisi sol duvar 0.28+0.12
Masa sag taraf 0.22+0.05 Cihazin arkasi sag taraf 0.18+0.05
Masa sag taraf 0.19+0.06 Fantom sag el 0.76+0.08
Masa ucu fantom ayak Cihazin arkasi sol taraf
. 0.25+0.05 0.21+0.04
hizasi
Masa sol taraf 0.20+0.07 Fantom karsisi sag duvar 0.27+0.04
Masa sol taraf 0.26+0.08 Sag duvar 0.17+0.04
Masa sol taraf 0.80+0.12 Cihazin karsisindaki duvar 0.21+0.11
Masa Basl fantom kol hizasi Merkez-Masa alti
4.4910.73 2654229
sol taraf
Masa Basi fantom kafa Zirhl Kapi-ig kisim
. 7.1940.11 0.15£0.05
hizasi
Masa Basi fantom kafa Zirhli Kapi-yan kisim
. 6.50+1.97 0.18+0.05
hizasi sol taraf
Hasta Yastigl 1.6 Gy10.1 Zirhl Kapi-dis kisim 0.18£0.04
Gogls 14.77+4.80 Koridor-Zirhli Kapi karsisi 0.13+0.01
Fantom sag goz 2791108 Kumanda odasi yan duvar 0.20+0.04
Fantom sol goz 301171 Kumanda odasi karsi duvar 0.16£0.06
Fantom sol el 1.31+0.06 Kumanda odasi dolap 0.22+0.06
Fantom Boyun 22.68+2.38 Koridor (Background) 0.23+0.09
Termoliiminesans Dozimetreler fle Doz Dagilimlarinin Incelenmesi 139



i,
_g,» ,
& -

K %
&
i

Arastirma Kurt&4kézcan | Kirklareli University Journal of Engineering and Science 3(2017) 132-141 - "%

Bu tiir ¢alismalarda tiim viicut 1simnlamasinda sartlar farklidir. Hasta viicudunun tedavi alani
icerisine konumlandirilmasinin hatasiz olmasi i¢in hasta tedavisinde birka¢ metre uzakliktaki
alanlar kullanilir. Calismamizda farkli mesafelere yerlestirilen TLD-100 dozimetrelerinden

alinan sonuglar, hesaplanarak beklenen sonuglarla uyumlu bulunmustur.
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MODELS FROM NATURE FOR INNOVATIVE BUILDING SKINS
Giilcan MINSOLMAZ YELER"", Soner YELER

Kirklareli University, Faculty of Architecture, Department of Architecture, Kirklareli

ABSTRACT

The general aim of this research is to transform the knowledge of biological systems (natural
solutions) into architectural knowledge for the design of innovative building skins. The basic
questions for research are formulated as follows: What are the best skin models in nature? How
are these models utilized in the best way for building skin? What kind of building skins can be
improved to adapt to changing conditions? In this context, the study aims to determine with a
literature review, effects of biological paradigm to building skin design, innovative ideas and
concepts produced in this process; how biological principles used in design on
conceptual/experimental and applied projects by analysis study, what kind of solutions are
produced. The analysis study reveals that an approach based on the principles of the models in
the nature is a unique resource for presenting innovative ideas to architects and for solving
problems experienced today.

Keyword: Nature, Biologic Principles, Biomimicry, Building Skins

YENILIKCI YAPI KABUKLARI ICIN DOGADAN MODELLER
OZET

Bu arastirmanin genel amaci, yenilik¢i bina kabuklari tasarimi i¢in biyolojik sistemler bilgisini
(dogadaki ¢oziimleri) mimarlik bilgisine doniistiirmektir. Aragtirmaya temel olan sorular su
sekilde formiile edilmistir: Dogadaki en iyi kabuk modelleri nelerdir? Bu modeller yap1 kabugu
olusturmak icin en iyi sekilde nasil kullanilir? Degisen kosullara uyum saglamak icin hangi tiir
yap1 kabuklar1 gelistirilebilir? Bu baglamda, c¢alisma bir literatiir taramasi ile biyolojik
paradigmanin yap:1 kabugu tasarimina, bu siirecte {liretilen yenilik¢i fikirlere ve kavramlara
etkilerini belirlemeyi; kavramsal/deneysel tasarimlar ve uygulanan projeler iizerinden, biyolojik
ilkelerin nasil kullanildigini, ne tiir ¢oztimler iretildigini analiz etmeyi amaglamaktadir. Analiz
calismasi, dogadaki modellerin ilkelerini esas alan bir yaklasimin, mimarlara yenilik¢i fikirler
sunmasi ve giniimiizde yasanilan sorunlara ¢6ziim iiretmesi bakimindan essiz bir kaynak
oldugunu ortaya koymaktadir.

Anahtar Kelimeler: Doga, Biyolojik Ilkeler, Biyomimikri, Yap1 Kabuklari

gulcan.yeler@klu.edu.tr',

Models From Nature For Innovative Building Skins 142



Kby,

Wi

1.INTRODUCTION
1.1. Problem Statement

The awareness about environmental issues like climate cahange, has attracted interest on
buildings energy consumption. Building skin is mostly responsible for building’s energy
consumption. Because, building skin is one of the most important design parameters determining
indoor physical environment related to thermal comfort, visual comfort and even occupancy
working efficiency, thus affecting energy usages in buildings [1] for lighting, mechanical
systems, and maintenance. Also, building skin is harmful to the environment due to their
manufacturing, installation and maintenance. There are many problems of current building skins.
The current building skins static. A static building or skin can not guarantee an optimal level of
performance, and this will lead to a discrepancy between the building and the environment [2].
With seasonal variations, shifting weather patterns, and the ever-changing comfort needs and
energy requirements of indoor occupants, static passive building skin design can not provide
consistent climate control due to daily, even hourly changes in the weather [3]. The another
problem with current building skins is that they are constructed from multiple dissimilar
components. Which creates too many opportunities for material failure and leads to condensation,
thermal bridging and wasteful material use [4]. Moreover, the perception of a building’s identity
is possible through its skin, making it a significant communication component. These are a few
reasons why the challenges in the skin are a contemporary proble.
Considering the aforementioned problems, target for today and the future is, instead of the static
building skins, new skin formation provide more comprehensive space activity, increase comfort
of user, climate compatible, sustainable for people and environment, energy-effective and

energy-active, multi-functional, modular, at the same time smart and communicative.
1.2 Solution for Problems: Nature/Biology

To solve problems, designers need new solutions. In this context, focus on biological solutions is
important in terms of acquiring new perspective for building skins.

Eilouti [5] states that solutions which are produced according to the suggestion of natural
organisms and such information described as biomimetic establishes the connection between

building man-made products and solving design problems within the new perspectives models:
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The “Biomimicry” term represents a concatenation of “bio” which means life and “mimesis”
meaning imitation. Janine Benyus’ [6] book “Biomimicry: Innovation Inspired by Nature”
published in 1997 refers to a new scientific field that studies nature, its models, systems,
processes and elements, and then imitates or takes creative inspiration from them to solve human
problems sustainably. Biologists and ecologists have studied the environmental influences on
animal and plant physiology and behaviour, but translating these observations and analysis into
architecture has been largely unexplored. The resilience of species in a particular habitat can
provide valuable lesson for long-lasting design. Mazzoleni state that just as animals have
systems, such as skeletal, circulatory, immune, digestive, communication, and sensory, so too do
buildings have systems of structure, circulation, protection, energy and water use,
communication, and thermal regulation [7]. So, researches in biomimetic has encouraged
architects, scientists and designers to dig deeper into the natural world-even to microscopic levels
in a bid to seek answers to sustainable design questions by mimicking biological systems that

have already solved them, solutions developed over billions of years of evolution [8].

2. MATERIALS AND METHODS

2.1.  The process of the research

Firstly, by using the archive method, problems about building skin will be expressed and in order
to solve these problems, the necessity of applying to nature’s solutions will be discussed in the
framework of biomimicry. Then, skin types in the nature which are prominent in today’s building
skins researches and their solutions when confronted with different environmental conditions will
be expressed. Twenty designs were analyzed in order to create building skins inspired from the
nature. In the results section, the results of the analysis are shown in tables and the concepts

resulting from the natural solutions are discussed.
2.2. Research samples

In literature, there are a lot of projects created inspired from the nature. However, in this study,
different sources were searched and especially the building skin designs inspired from the
principles of natural skins were chosen. In the study, 20 other studies, which are applied today

and were developed concept/experimentally, were included.
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3. PRINCIPLES IN NATURAL SKINS

The term “skin” is used in this research on a general level to refer to any human, plant and animal
coverings, including skin, hair, fur, feathers, scales, exoskeletons, and shells. Skin is a complex
and incredibly sophisticated organ that performs various functions, including protection,
sensation and heat and water regulation [7]. Yowel [4] stated that natural skins are an organism’s
first line of defense to protect its interior from the exterior environment. But, a natural skin can
regulate temperature and humidity, is often waterproof, yet permeable when needed, integrates
systems in a very thin membrane, protects from sunlight, can repair itself and is beautiful. Plus it
does all this with environmentally friendly manufacturing, done at the local level and will not be
harmful to the environment at the ends of its life.

The harsh environmental characteristics create difficult conditions for living organisms. Living
systems are not static. They constantly need to adapt themselves to changing internal and external
conditions [9].

For example, some animals have thick coat with dense hair, it does not only protect animals from
cold winter, but it insulates them from summer heat. A polar bear’s fur consists of three main
layers: the clear hollow hair, a dark color skin, and a wooly fur layer underneath it all. Light
penetrates the clear hollow hair, while the dark skin increases heat absorption and after that, the
heat is preserved in the wooly fur layer and insulated by the 10cm layer of fat underneath it all
[10].

Polar bear’s fur changes color in summer due to the structure of each hair and the dark color of
the underlying layer of skin. Each hair is clear and hollow to allow light in [10]. Coloration is
also an important factor in reducing of heat absorption in desert animals [11]. A desert
chameleon becomes darker in the morning to increase its heat absorption and lighter during the
day to reflect light [10]. Their colors are used for communication between other chameleons, and
as camouflage from predators.

Sand lizard has hygroscopic skin to absorb moisture from the air and to produce enough water
[11]. The Namib desert beetle is able to capture moisture however from the swift moving fog
that moves over the desert by tilting its body into the wind. Droplets form on the alternating
hydrophilic-hydrophobic rough surface of the beetle’s back and wings and roll down into its
mouth [12]. The thorny devil (Moloch horridus) can gather all the water it needs directly from
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rain, standing water, or from soil moisture, against gravity without using energy or a pumping
device [10]. Ribs or grooves are morphological adaptation for water transportation, e.g. barrel
cactus. Besides the importance of ribs in allowing the cactus to shrink and swell, they provide
channels fort he collected water to reach the roots [13]. Also, the cactus’ spines serve is to help
shade the plant from the intense sun.

Plant surfaces provide more than one solution for environmental conditions and can include, for
example, light reflection, superhydrophobic or superhydrophilic surfaces [14,15]. For example,
lotus leaf is the most superhydrophobic, hence it always remain clean in muddy and dirty ponds.
In the rainy season, when the raindrops fall on the surface of lotus leaves, they immediately bead
up like shiny spherical balls and quickly roll off the surface collecting dirt and debris along the
way [17,18]. Koch and Barthlott [19] stated that superhydrophobicity is also a protection against
plant pathogens such as fungi and bacteria, because germination of many microorganisms such as
fungi and reproduction of bacteria are limited by water access. Animals such as water stride,
water spider and mosquito exhibit excellent water repellent, superhydrophobic properties.
Dynamics in plants are generated due to their nastic structure [20]. Heliotropism is the
movement of leaves following the sun and it is one of the ways to regulate light intensity on the
surface. For example, sun flower track sun path throughout the day by bending towards light and
maintaining radiation perpendicular surface [13]. Most plants must open and close their stomata
during the daytime in response to changing conditions, such as light intensity, humidity, and
carbon dioxide concentration. Also, some plants like mimosa fold its leaves when touched or
exposed to heat. Many other plants also fold their leaves in the evening [21]. Flexibility is an
important feature for protection in animals. For example, the armadillo has a hard outer shell and
can curl up into a ball leaving no soft body parts exposed to danger (a bit like a woodlouse) [22].
Also, the pangolin’s scaly body can curl up into a ball when threatened, with its overlapping
scales acting as armour. The scales are sharp, providing extra defense against unwary paws [23].
The balloon fish can triple its body volume by pumping water into its stomach for the purpose of
defended itself against predators. Then, it shows off the pointy spines that cover their skin. So,
fish skin exhibits striking structural and functional specialization for inflation [24]. Some animals
respond to different conditions with specially designed nests. For example, termits construct

their mounds to maintain a constant temperature. The insects do this by constantly opening and
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closing vents throughout the mound to manage convection currents of air-cooler air is drawn in

from open lower sections while hot air escapes through chimneys [25].

4. TRANSLATING NATURAL PRINCIPLES FOR BUILDING SKINS

Those mentioned above shows that natural skins are good models for how building skins should
behave. However, current building skin are seen as barriers from the outside world, instead of
filters like a natural skin [4]. It is seen that when evaluating natural skins in a similar way
building envelopes serve multiple roles, as they are the interface between the building inhabitants
and environmental elements. [26]. Wigginton and Harris [27], in their book Intelligent Skins,
argue that the use of the term “skin” is more than merely a metaphor; the building’s envelope can
be considered quite literally as a complex membrane capable of energy, material and information
exchanges. Emulating nature’s strategies to innovate design for building skin could be successful.
The skin of nature’s organisms has similarities with the building skin and that makes it
interesting to look to their strategies. The transformations of the strategies from biology to
architecture is possible in different ways. Eilouti [5] states that nature can be imitated directly or
indirectly as a metaphor to solve design problems and to develop environment-friendly functions,
systems and solutions. According to the Gruber [28], abstraction is the key to transferring ideas
from one discipline to another. Maibritt Pedersen Zari [29] stated that Biomimicry is the mimicry
of an organism, an organism’s behaviour or an entire ecosystem in terms of its form, material,

construction method, process, strategies or function.
4.1.Case Studies: Applied Designs

This part of the study, ten works that come to the fore in the literatiire are analyzed inspired by

natural skins.

4.1.1. The Esplanade Theater: The Esplanade Theater in Singapore, designed by DP Architects
and Michael Wilford. It was inspired by the durian plant while the shell of this building was
designed. The thorny, multi-layered and semi-rigid pressurized shell of the plant protects the
seeds inside. Similarly, with a layered shading system that resembles the shell of the plant from
the outside, the building skin also prevents overheating of the interiors while allowing the

sunlight to be taken from the interior [30] (Figure 1).
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Figure 1. Durian plant and The Esplanade Theater [3]

4.1.2. The Minister of Municipal Affairs&Agriculture (MMAA) in Qatar: This building is
designed by Aesthetics Architects. The skin of the desert cactus is applied to the design of the
skin of a desert building. The cactus plant is exposed to more night sweats than the daytime to
hold the water. Likewise, intelligent sun shading elements in windows are also opened and closed
in response to heat. Thus saving energy [30] [31] (Figure 2).

Figure 2. Cactus plantand MMAA Building [30] [31]

4.1.3. Al Bahar Towers: In Abu Dhabi, towers’ facade is designed by Aedas Architects. The
facade has an interactive relationship to the environment which is reminiscent to the opening of a
morning glory flower to the sun. Flower-like shading elements in building skin are managed by

the building automation system and are opened and closed in response to the sun [32] (Figure 3).
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Figure 3. Morning glory flower and Al Bahar Towers [32]

4.1.4. Heliotrope House: Heliotrope House is designed by Architect Rolf Disch. This building
is the first energy positive house in Germany. In the design of the house inspired by heliotropism,
a phenomenon common to plants that live in the Arctic, where the growing season is short.
During a never-ending summer day, Arctic poppies will follow the sun around and around, using
its rays to warm their petals so as to attract insects. Similarly, Mounted on a pole, the house
rotates (180 degrees) during the day depending on the direction of sunrise. The solar panels on
top produce more than enough energy to make the home net energy positive. A unique hand
railing system on the roof doubles as solar thermal tubing that heats the home’s water and
radiators [33, 34] (Figure 4).

Figure 4. Arctic popies and Heliotrope House [34]
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4.1.5. Self-cleaning coatings: A self-cleaning effect which was first discovered by Prof.
Barthlott at the lotus leaf. Dust and other pollutions are rinsed off by raindrops from a lotus leaf.
Many institutes and suppliers try to apply this effect on textiles, plastics, glass or other materials.
StoLotusan Color protection, dirt runs off each time it rains to leave a beautifully clean and dry
facade [35]. BalcoNano® is a hard, durable protective coating. Dirt and other deposits cannot
cling to the glass surface and either wash away easily or can be easily cleaned with water and a
cloth [36] (Figure 5).

6]

4.1.6. Waterloo International Terminal: This building was designed by Nicholas
Grimshaw&Partners. The flexible skin of pangolin is imitated in the parts that fix the glass panels
of the building so that the changes in the air pressure caused by the trains entering and leaving the
terminal do not damage the building. So that the glass skin of the building can move in response

to applied air pressure forces [37, 38] (Figure 6).

Figure 6. Pangolin and Waterloo International Terminal [37]
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4.1.7. The Swiss Re (Gherkin) Tower: Tower was designed by Sir Norman Foster in London. It
was inspired by the venus flower basket sponge. This special sponge hosts a lattice-like
exoskeleton that appears glassy and glowing in its underwater environment. The various levels of
fibrous lattice work help to disperse stresses on the organism in various directions and its round
shape reduce forces due to strong water currents, both of which were applied to Foster’s design of
the tower [39]. The steel spiral “diagrid” structure creates an aerodynamic form that provides the

lowest resistance to wind [40] (Figure 7).
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Figure 7. Venus flower basket and Swiss Re Building [8]

4.1.8. Eastgate Tower: The architect Mick Pearce was inspired termit mound to design the
Eastgate center In Zimbabwe where the temperature outside can vary from 3 °C up to 43 °C and
where the air condition plays a significant role. The innovative building uses similar behavior in
the design, and air circulation planning it stays cool without air conditioning and uses less than
10% of the energy used in similar sized conventional buildings. His solution was to have
specially designed hooded windows, variable thickness walls and light colored paints as a part of
a passive-cooling structure to reduce heat absorption. By doing so Eastegate uses 90% less

energy for ventilation than conventional building [25] (Figure 8).
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Figure 8. Termit mound and Eastgate Tower [25]
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4.1.9. Council House 2 (CH2) Building: The ten storey building was designed by Architect
Mick Pearce in Melbourne, Australia. The climate control of this building mimics the ventilation
system of a termite mound. CH2 includes many innovative and technological features such as
photovoltaic cells, chilled ceilings, blackwater sewage recycling systems. But by far the most
striking features of CH2 are its recycled timber louvers controlled by photovoltaic cells and the
five shower towers, in which water droplets evaporate slightly as they use up energy and thus
cool the air. Other features worthy of notice are wind-powered turbines which will help cool the
building at night, internal thermal mass, a gas fired co-generation plan, as well as the recycling of

the waste heat generated inside the building for their heating/cooling system [41] (Figure 9).

o / f / {

Figure 9. Termit mound and CH2 Building [41]

4.1.10. Q1 Building: Q1 building was designed by JSWD Architetken in Germany. This building
is not just a feathery design element- it also serves as a sophisticated sun shading system. The
metal feather elements vary in shape from trapezoids to triangles and rectangles. Aside from the
shading benefits, the different feather-like elements create a dazzling fagade that sparkles like a
fish’s scales when the sun catches them just right. The metal elements block of the harsh sun
while keeping the interior cool, reducing the need for air conditioning and climate control [42]
(Figure 10).
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Figure 10. Feather and Q1 Building [42]

4.2. Case Studies: Concept/Experimental Designs

Knaack [43] stated that every solution begins with a concept. The idea is the starting point for
progress: concepts are visionary thougts, developed from a certain way of perception. The
following ideas provide an extreme approach to solutions that are conceivable, yet far from
realization. However, this can change over time and these ideas might be taken into
consideration. So, this part of the study place is given to concept projects. These projects are
selected from studies of researchers and acedemicians mentioned below and other studies in the
literatiire.

One of the studies in recent years was investigated analogies between the biological skin and the
technical skin at the TU (Vienna University of Technology) student’s project. Now, these
projects under the leadership of AIT (Austrian Institute of Technology), is being developed at a
later stage as BioSkin. “BioSkin—Research aimed at the identification of potentials from nature
for climate-adaptive energy efficient facades of the future. The study was conducted at the AIT
Austrian Institute of Technology, Energy Department [44][45]. Prof. Dr. Ulrich Knaack founder
the Facade Research Group and his team at the Chair Design of Construction in Technical
University of Delf concentrates on exploring future possibilities for the building envelope. Key
topics for this group are energy consumption and sustainability, typology, materialization,
fabrication and assembly of facades. The ideas discussed by the group were collected in the book,
"Facades™ [43]. Also, Ilaria Mazzoleni and her students at the Southern California Institute of
Architecture focused on the analysis and understanding of different types of animal skins [46]

and translated the learned principles into the built environment These related to the topics of
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sensation, coloration, energy regulation, water management, and the use of local and renewable
resources [40]. In her recently published book Architecture Follows Nature: Biomimetic
Principles for Innovative Design, she presented twelve case studies about animal skins for the

design of building skins [7].

4.2.1. The Habitat 2020: This skin was designed by Philips Design and was envisioned for
China. The skin has been designed as a living skin, rather than a system of inert materials used
only for construction and protection. The skin behaves like a membrane which serves as a
connection between the exterior and interior of the habitat. Alternatively, the skin may be
considered as the leaf surface having several stomata cellular openings involved in gaseous
exchange and transpiration in plants. The surface would allow the entry of light, air and water
into the housing. It would automatically position itself according to the sunlight and let in light.
The air and wind would be channeled into the building and filtered to provide clean air and
natural airconditioning. The active skin would be capable of rain water harvesting where water
would be purified, filtered, used and recycled. The skin could even absorb moisture from the air.
The waste produced would be converted into biogas energy that could be put to diverse uses in
the habitat [47] (Figure 11).

= 1

Figure 11. The Habitat 2020 [47]

4.2.2. Stoma brick: This evaporative cooling system (SB) for building skin was designed by L.
Badarnah, N. Y. Farchi and U. Knaack (The Facade Research Group). It was designed based on

principles of several natural systems. These include stoma of a plant, pine cones, hair protecting
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eyes in the desert, and human skin. The system consist of four integrated parts. Stoma brick:
made of porous material. It has outer layer of hairy structure to filter the air passing through the
envelope. A veneer shutter to control opening/closing in accordance to humudity gradient. The
most inner layer is spongy to hold moisture for evaporation. The mono-brick: it includes an
irrigation cycle that irrigates through holes the SBs, which are inserted into the mono-brick to
allow a continuous performance vertically. The steel framing: is load bearing structure of the
cooling system. Th inner layer: filter fora ir cleaning or a double acrylic glass for lightening and

visual contact with the exterior environment [48] (Figure 12).

Figure 12. Details of stoma brick [48]

4.2.3. Foliage facades: This facade was designed by Ulrich Knaack (Facade Research Group).
Integrating fern of foliage from other deciduous plants into the space between two glass panels
will function as periodic sun shading. In winter, the plant has shed its foliage and lets the sun
penetrate, but in summer there is good shading. The elements have to fill a reservoir with

rainwater to let the plants grow [43] (Figure 13).

-~
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Figure 13. Fern and foliage fagade [43]
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4.2.4. AeroDimm: This facade was designed by Stefan Pfaffstaller and conducted by Petra
Gruber in Vienna University. In the design of pneumatic facade is inspired by the color changing
skin of cephalopod. The color change in the two-layered facade is caused by the volume change
of the elastic membranes by pneumatic pressure. This technique provides color change as well as
darkening of the facade [49] [44] (Figure 14).

DETAIL CXPANSIONSHODUL

Figure 14. Cephalopods and AeroDimm [44,49]

4.25. S.C.AL.E.S. (Smart, Continuous, Active, Layered, Environmental, System): This
project was designed by Ilaria Mazzoleni and her students (Yuan Yuan and Juan San Pedro). It is
a project that takes inspiration from the characteristics of the side-blotched lizard (uta
stansburiana). The team created a residence in Palm Springs, California for the desert climate
which mimics the behaviors and translated physiological characteristics of the lizard’s skin.
Scales in the skin of the lizard, number, shape and thickness according to function and position in
the body and is also linked to a continuous surface. Similarly, flexible membrane used in walls of
the house, special covered with photovoltaic panels. Also, similar to the lizard in the desert, the
main concern of the design is the comfort of the residents in hot, arid days and cold nights. This
example demonstrates how a user help meet their requirements and provide thermal regulation
[46] (Figure 15).
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4.2.6. Polar bear-Keep It Warm: This project was designed by llaria Mazzoleni and her
students. It mimics the polar bears physiological adaptation developed in order to survive to some
of the planet’s harshest weather conditions. The living units designed in the arctic region (0 ° C in
the summer and -34 ° C in the winter) are partially buried in the earth, not dissimilarly from the
bear’s hibernation den. The units are also southwest oriented so that they can provide the most
suitable heat gain from the sun. The solar energy (heat and light) is collected by an active shell
consisting of glass tubes, such as hollow, steerable fur. The energy is conducted through the tube
to the insulating strata where is stored, conserved and slowly released. Moreover, embedded in
the phase changing material, phosphorescent cells allow the accumulation of light which then

gets slowly released at night [50] (Figure 16).

Figure 16. Building skin inspired by polar bear [50]
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4.2.7. Porous wall claddings: These wall claddings was designed by S. Turner and R. C. Soar.
They suggest porous wall coverings that act like a low-pass filter for turbulent winds, similar to
the porous wall structure of termite nests. In this instance, an interior space of a building could be
wind-ventilated without having to resort to tall chimneys, and without subjecting the inhabitants
to the inconvenient gustiness that attends to the usual means of local wind capture, namely

opening a window [51] (Figure 17).

Figurel7. Termit mound and porous wall claddings [51].

4.2.8. The Las Palmas Water Theatre: This theatre was proposal project for the city of Las
Palmas in the Canary Islands and designed by Grimshaw Architects. Design follows the similar
principles as the Namibian fog basking beetle. To heat the sea water going to the evaporators,
solar thermal panels are placed in the roof of this structure. The wind brings moisture back to the
theater. the air is condensed by the cooling and fresh water is collected. Then, it is used in
drinking or irrigation [52] (Figure 18).

Figure 18. Namibian beetle and The Las Palmas W.Theatre [52]
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4.2.9. Hydrological Center for the University of Namibia: This building was designed by
Matthew Parkes of KSS Architects. In the design of the center that researches sustainable
development and water use in West Africa, water collection technique of the Namibia Desert
beetle is based. This technique is also called fog catcher [53]. The collects on the mesh screen
and because of its shape and vertical orientation, the water naturally runs down the mesh into
gutter system located at the bottom of the screens. The water is then transported through the
gutters into large cisterns that keep the water at an appropriate cooler temperature so that the

water does not evaporate [54] (Figure 19).

b

Figure 19. Namibian beetle and Hydrological Center [53]

4.2.10. Deep skin: The idea of “deep skin” is inspired by the skin of the shark for fagcade design
of a tower in Manhattan, New York. The analysis of the configuration of a shark skin, especially
how it is formed in macro and micro scales has led to the idea of deep skins in which, different

inner volumes of the tower is derived from various skin types[55] (Figure 20).

Figure 20. Building skin inspired by shark skin [55]

Models From Nature For Innovative Building Skins 159



nh
P
Derleme Minsolmaz Yeler&Yeler / Kirklareli University Journal of Engineering and Science 3(2017) 142-165 S o

W

5. RESULTS AND DISCUSSION

In this section, Table 1 [56], which shows the skin systems of the organisms and the features of
the building skins of today and future, was created.

Table 1. Properties of the skin systems in nature and the architectural medium [56]

ARCHITECTURE

TODAY FUTURE
CONVANTIONAL INNOVATIVELY CONCEPT/EXPERIMENTAL
o Non adaptable o Adaptable o Adaptable
o Non growing e Modular growing e Growing
o Unchangable e Changable e Changable
e Unresponsive e Smart and interactive e Responsive
o Multi-functional o Multi-functional o Multi-functional
o Static e Dynamic e Dynamic
¢ Rigid o Flexible o Flexible
o Non self-repair o Non self-repair o Self-repair
o Non self-renewable o Non self-renewable o Self-renewable
e Ephemeral o Sustainable o Sustainable
o Maximum material o Minimum material o Minimum material
o Low-performance o High- performance e Maximum performance
e Energy comsumption o Energy generating o Energy generating
o Simple relationship o Complex integrated o Complex integrated systems
systems

After the samples were analyzed, Table 2, which shows the solutions for building skins with the
principles of natural skins, was created.

The tables clearly show that, organisms live in harmony with their environment by showing
anatomical, physiological and behavioral features and sometimes by changing these features in
order to survive. Adaptation principle of nature ensures that the building skin is flexible,
transformable and responsive. This makes the building skin multifunctional and necessitates each
system (function-form-structure-material) of the building skin to integrate. Moreover, change and
transformation in the nature, along with the developments in technology and materials, lead to a
change and transformation in concepts. Building skin which gained the feature of intelligence, as
it reacts to its environment, can be programmed, arranged and controlled with digital

technologies. The above mentioned features make the building skin very dynamic and free.
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Table 2. Principles of natural skins and solutions for building skin (Created by authors)

APPLIED DESIGN

CONCEPT/EXPERIMENTAL DESIGN

The Esplanade
Theater

MMAA

Al Bahar Towers
Heliotrope
Self-cleaning
coatings
Waterloo
International
Terminal

Swiss Re Tower

Eastgate Tower

CH2 Building

Q1 Building

The Habitat 2020

Stoma brick

Foliage facades

AeroDimm

S.CALES.

Polar bear-Keep It
Warm

Porous wall
claddings

The Las Palmas
Water Theatre
Hydrological
Center

Deep skin

Durian plant

Cactus

Morning glory
flower

Arctic poppies
Lotus leaf

Pangolin

Venus flower basket

Termit mound

Termit mound

Feather

Living skin
Stoma
Stoma

Pine cones

Hair protecting eyes

Human skin

Fern

Cephalopod

Side-blotched lizard
Polar bear
Termite mound
Namibian beetle

Namibian beetle

Shark

Thorn-covered husk
Multilayered, semi rigid skin
Structural geometry
Responsive stomata permeability
Self-shading ribbed morphology
Water conservation
Response to the sun’s path
Foldaple flowers
Heliotropism
Response to the sun’s path
Self-cleaning effect
Water resistant
Overlapping, flexible, sharp scale
Extra defense
Regulating the temperature
Allow to air circulation
Complex, lattice-like, glass skeleton
Strong structural stability
Round shape
Passive ventilation
Chimneys and air passages
Passive ventilation
Chimneys and air passages

Special morphological arrangements
Regular division
Low conduction
Connection between the exterior and
interior
Elasticity and expansion
Elasticity and expansion
Response to changes in moisture
Protection against dust, small particles
Cooling through evaporation
Sunlight interception capability

Colour change
Camouflage

Flexible, interconnected scales
Colorful and textured skin
Moisture harvesting
Insulation
Color change
Passive ventilation

Collects water from fog
Collecting water in driest weather
Collects water from fog
Collecting water in driest weather
Micro and macro scales
Aerodynamic
Bacteria control

Effective shading systems
Climate adaptive shading skin
Deployable surfaces
Folding systems on the windows
Effective shading systems
Wastewater management system
Deployable components
Intelligent skin
Rotatable, dynamic structure
Responsive skin
Self-cleaning material and skin
Ice and snow free surface
Flexible structure
Movable panels
Responsive skin
Flexible skin materials
Spiral, diagrid structures
Aerodynamic skin
Aerodynamic form
Passive ventilating skin
Climate adaptive skin
Passive ventilating skin
Climate adaptive skin
Recycling materials and systems
Modular elements
Sophisticated sun shading system
Effective shading systems
Active, breathing, living skin
Interactive skin
Flexible, dynamic skin
Integration of multiple function
Layered, deployable, dynamic skin
A flexible perforated skin
Climate adaptive skin
Effective sun shading systems

Flexible, pneumatic, integrated skin
Color-changing, communicative skin
Responsive skin
Smart sun tracking system
Colorful and textured skin
Water regulating skin
Active skin
Phase changing material and skin
Passive ventilating skin

Water colleting skin

Water colleting skin
Fog and frost-free surfaces
Adaptive skin
Aerodynamic skin
Bacteria, dirt, snow free surface

Building skin, which can adapt to all kinds of conditions with different techniques, can also

integrate with its environment and therefore becomes sustainable as well. Principles, properties
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and solutions of natural skins in Table 1 and Table 2 revealed the different concepts such as
nature-inspired, biomimetic, bio-inspired, responsive, active, intelligent, (climate) adaptive,
smart, interactive, high-performative, meteorsensitive, kinetic, dynamic, breathing, living skin
and so forth. It is observed that these concepts are also used in the case studies. It is aimed that
future building skin designs will have the features of natural skins.

As a result, natural world acts as a great idea bank for architectures to create ideas and to
transform them into designs. In this context, biological solutions should be well identified and
understood taking into account the problems in building skin designs. The architect should have
the ability to interpret nature laws (from micro to macro levels) while creating the architectural
object/building skin. Knowledge transformation process necessitates for architect to cooperate
with various disciplines such as civil engineering, biology, physics, chemistry, climatology,

physiology, psychology, ecology, computer engineering, cybernetics and artificial intelligence.
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Ozet:

Biyogesitlilik kavrami, her ne kadar iizerinde g¢okga konusulan temel bir biyolojik kavram olsa
da, bocek biyogesitliliginin zihinlerde olusturdugu belirsizlik heniiz netlik kazanmamuistir.
Yasayan canli tiirlerinin neredeyse 2/3’tinii olusturan bocekler, doganin baskin canlilart olma
yolunda hizli mesafe almaktadir. Bu agidan bakildiginda bocek biyogesitliligi, entomolojinin
diger pek ¢ok ugras1 dallarina 1s1k tutan zorunlu bir disiplindir. Eserde her bir bocek takimina
iligkin bolgesel tahmini ve yerli olmayan tiir sayilari ¢ikarilmis, zoocografik bolgelerin boceklerle
ilgili olan floristik karakterleri tartistlmistir. Her bir boliimiin sonu¢ kisminda ise bocek
bilimcilere ve diger bilim insanlarina yo6nelik toplumsal farkindalik olusturulmaya galisilmistir.
Eserde ayrica boceklerin besin agi etkilesimi kapsamli bir sekilde agiklanarak yakin gelecekte
bocek taksonomistlerini bekleyen olasi sorunlar ele alinmistir. Bu ¢alismada, editorliigiinii Robert
G. Foottit ve Peter H. Adler’in tistlendigi Bocek Biyogesitliligi eserinin kisa degerlendirilmesinin

yapilmas1 amaclanmastir.

Anahtar Kelimeler: Robert G. Foottit, Peter H. Adler, Biyogesitlilik

*hakan.bozdogan@ahievran.edu.tr

Biyogesitlilige Dair Kisa Notlar 166



i,
&%

K,
e
e

Wl
-y

Kitap Elestirisi Bozdogan | Kirklareli University Journal of Engineering and Science 3(2017) 166-170 -

Analiz ve Degerlendirme

Kitap; Bocek Biyogesitliligi: Bolgesel Ornekler, takson ornekleri ve uygulamalar-yaklasimlar
olmak iizere 3 ana kisim ve 25 alt birimden olusmustur. ilk kistmda bélgesel (zoocografik)
farkliliklar1 yansitan, ikinci kisimda ise takson diizeyinde orneklemeleri yansitan biyogesitlilik
kavrami anlatilmaya c¢alisgilmigtir. 3. kistm olan son kisimda ise taksonominin ara¢ ve

yaklagimlarina yer verilmistir.

Bilindigi tizere, bocekler diinya tizerindeki diger tiim canli gruplarmin global biyogesitliligin %
58’inden fazlasini biinyesinde barindirmaktadir. Basta karasal ve akuatik olmak {izere tiim

ekosistemlerde yasam siirebilen canlilardir.

Bocek biyogesitliligi; su an igin kararsiz ve muglak bir donem yasamaktadir. Taksonomist
arastirici sayisinda her gecen giin azalma gézlenmektedir. Bu durum zorunlu olarak bir¢ok bocek
grubunun taksonomik bilgisinin elde edilemeyecegi gergegini gozler Oniine sunmaktadir.
Ozellikle biyogesitlilik yonetimi, koruma, siirdiiriilebilir gelisme, ekosistem yonetimi ve iklim

degisikligi konularina getirilecek olan bakis agisinin da 0 oranda azalmasina neden olmustur.

Giintimiizde bocek biyogesitliliginin kantitatif degerlendirilmesi, bocek biyogesitliligine iligkin
bildigimiz ya da bilinmeyen yonlerin ve bilhassa insan etkisinin ya da ayak izinin bu gesitlilige
olan etkisi 6nem arz etmektedir. Diger yandan taksonomistin bilimsel anlamda eksiklikleri ve

belirli bocek gruplarinda sahanin genisligi, sozde taksonomistler kavramini giindeme getirmistir.

Bu kitaptaki ¢ogu boliim, modern diinyada boceklerin ve onlarin aktivitelerinin anlasilmasini hiz

kazandiracaktir.

Ormanlarin ¢ogu Palearktik’te yer almaktadir. Anadolu; Akdeniz Altbdlgesi ile Saharo-Gobian
Col Bolgesi arasindaki zondur. Ancak siklikla step vejetasyonun hakim oldugu diistiniiliir. Yazar,
eserinde Palearktikte yasayan 5 bocek takimimin (diptera, heteroptera, coleoptera, hymenoptera,
lepidoptera) biyogesitliligine iliskin kismi de olsa bilgi sunmustur. Diger yandan, Afro-Tropikal
Bolgeye de habitat-yasam dongiisii  temelli  yer vermistir. Bu bolgedeki habitat
transformasyonunda indikator rol {istlenen giibre bdoceklerini, Afrika meyve sineklerinin

ekonomik oOnemlerini ve koruyucu bocek gruplarmi inceleyen arastiricilardan eklentiler
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yapmigtir.

Yazarlar, Hexapodlarin sadece tiir bazinda degil, birey olarak da sayr bakimidan zengin
oldugunu vurgulamaktadir. Ornegin Collembola yogunlugunun karasal ekosistemlerde

metrekarede 10* den 10>°¢ kadar degistigini savunmustur.

Eserde, eklembacaklilar ve kus-memeli etkilesimi orgiisel olarak incelenmistir. Ornegin, ¢ogu
kus familyalar1 yilin belirli donemlerinde bocekleri zorunlu ve temel bir besin 6gesi olarak alirlar.
Bunun en belirgin 6rnegi, British Columbia’nin Cariboo Bolgesindeki sar1 bash siyah kusun,
yasamini Ve hayat devrini 6nemli 6l¢iide yusufcuklara bagh olarak gecirdigi gergegidir. Benzer
sekilde, memeliler, 6rnegin, tamandua, tembel ayi, Afrika Oryantal pangolinleri ve ¢ok sayida

predator memeliler, karinca ve termit kolonileri boceklerini besin olarak tiikketmektedirler.

Yazarlar, eserinde bocek bilimcilerce dikkat ¢ekici bazi bilimsel realitelere de yer vermistir.
Ornegin, tiim diinyada %1-2’den daha az oranda fitofag bécek bulunsa da yine de fitofaglarin
ciddi anlamda tahrip edici bir etkiye sahip oldugunu vurgulamistir. Ayrica tizerinde her ne kadar
tartismalar yiiritiliiyor olsa da bitki viriisii da tasiyabilen kahverengi bitki piresi Nilaparvata
lugens (Stal), Giiney Asya’da her yil 1.23 milyar dolarlik piring kaybma neden oldugunu

belirtilmistir.

Farkli zoocografik bolgelerdeki tiir ¢esitliligini anlatirken, 0 sahadaki bilhassa doga miizelerinde
emegi gecen bilim insanlarinin ¢aligmalarina bagvurulmasi yerinde olmustur. Yazar, belki de ¢ok
az eserde deginilen, bocek taksonomistlerinin agmazlarini, arazi ¢alismalarindaki zor siiregleri ve

taksonomistin ilerleyen yillardaki durumunu agiklayict yonde bilgiler sunmustur.

Yazar, Amazon yagmur ormanlarindaki tiir ¢esitliligini, zonlagsma ve dag olusumlarindaki iliski
ve ilintiyi sayisal degerler kullanarak agiklamayi tercih etmis ve bu yoniiyle anlasilirh@ kolay
hale getirmistir. Diger yandan, igerik hem olgusal hem de teorik o6rneklerle verilmeye
calisgtlmistir. Yazarin kullandigi kaynaklar igerikle direkt ilintili olmasina karsin, detaydan

uzaktir. Diger bir ifade ile daha fazla kaynak kullanimina gereksinim duyulmaktadir.

Yazarlar, tiir ve tiir alt1 taksonlarda dogru teshisin yapilmasi adina mitokondrial rna’nin énemine

de vurgu yapmislardir. Arastiricilar, mitokondrial gen sekanslar1 ile morfolojik taksonomiden
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molekiiler taksonomiye gegisin ¢ok daha kolay olacagini bildirmislerdir. Pek ¢ok arastirici, bocek
tiirlerinin dortte birinin mtDna sekanslari ile karakterize olabilecegi konusunda ittifak etmislerdir.
Dna barkot uygulamalariin Lepidoptera, Diptera, Coleoptera, Hymenoptera, Collembola ve
Ephemeroptera takimlarindaki uygulamalarina kismen yer vermis; ancak bu konuyu islerken

resimlerden ziyade yazinsal anlatiya agirlik vermistir.

Yazar, Nearktik Bolge bocek biyogesitliligini islerken ilging saptamalarda bulunmustur. Nearktik
bocek tiirlerinin % 35’inin hala tanimlanmadigini, Nearktikteki 1000°den fazla bocek tiiriiniin
tehlike altinda oldugunu ve 160 tiriin ise Amerikan hiikiimeti tarafindan korundugunu
gostermigtir.  Nearktikte, Ekojeoklimatik faktorlere bagli olarak degiskenlik gosteren
biyogesitlilik giineyden kuzeye biiyiik bir azalma gosterir. Arizona ve Teksas gibi gilineybati
eyaletlerdeki biyogesitlilik en fazla iken Kanada yakinlarinda ve giineydogudaki Kalifornia ile
Florida’dir. Nearktik karasal faunasinda 144 binden fazla bocek tirli yasadigi goz Oniine
alindiginda bu tiirlerin ne acidir ki ¢ok azmin larval durumuna iliskin bilgi bulunmaktadir.
Mevcut rakamin neredeyse yarisindan fazlasinin tanimlanmasi yapilmamistir ve teshisi yapilan

tiirlerin bir kisminin tekrar degerlendirmeye ihtiyag oldugu bilinmektedir.
Sonug¢

Taracad Narayanan Ananthakrishnan tarafindan 2010 yilinda yazilan “Boécek Biyogesitliligi:
Fonksiyonel Dinamikler ve Ekolojik Perspektifler” isimli biyogesitlilik kaybinin giiniimiizde
onemli bir diinya sorunu oldugu ifade edilmis ve insan refahinin tesis etmek i¢in temel ekolojik
kaynaklar1 gerekliligi isaret edilmistir. Ote yandan orman arazilerinin zarar gérmesi ya da yok
edilmesi gibi sorunlarin farkli ekosistemlerde biyogesitliligin degerlendirilmesini zorunlu
kildigin1 vurgulamistir. Ancak ne var ki bu eserde bdcek takimlari, “Bécek Biyogesitliligi*
kitabinda oldugu seklinde alttakim, familya ya da cins diizeyinde irdelenmemistir. Diger yandan
editorliglinii Geoff M. Gurr, Steve D. Wratten ve William E. Snyder’in yaptig1 “Biodiversity
and Insect Pests’’ isimli eser iceriginde her ne kadar bocek biyogesitliligini isleyen kisimlar
barindirsa da ekonomik iiriin kaybina neden olan boceklerin biyogesitliligine 151k tutmustur ve bu
yOniiyle sistematik entomoloji ¢alisan arastiricilara hitap etmemektedir. Bunun yanisira Peter W.

Price editorliigiinde kaleme alinan “Bécek Biyogesithiligi’’, “Insect Ecology’’ isimli eser ile
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taksonomik benzerlik gdsterse dahi daha gilincel bir kaynak durumundadir.

Eserin 6nem derecesini artiran belki de en énemli faktér hig siiphesiz yazarlar1 olmustur. Oyle ki
Peter H. Adler bocekleri; davranis, ekoloji, genetik sistematik ve medikal yoOnleriyle arastiran
yetkin bir arastirict konumundadir. Eserin diger mimari olan Robert G. Foottit ise, ¢cok cesitli
habitatlarda yaprak bitlerini morfolojik ve icerisinde DNA mikrosatellitlerin de yer aldigi
molekiiler yonleriyle inceleyen Kanada Ulusal Bocek Koleksiyonu i¢in Ulusal Eklembacakli

Bilgi Sistemi Projesi gelistiren girisimci bir entomologdur.

Eserde, iizerinde ¢okg¢a calisma yapilmis olan Amerika’nin tropik ve subtropik bolgelerinde
yasam sliren pamuk kozas1 bugday biti Anthonomus grandis grandis tiirliiniin 22 milyon dolardan
daha fazla {iriin kaybina neden oldugu tespit edilmistir. Benzer sekilde Dendroctonus frontalis
tiiriiniin ise Amerika’nin gliney kisminda sadece 18 ayda 10 milyon dolar degerindeki yaklasik
40 bin agaci oldiirdiigli tespit edilmistir. Kinkanatli bdceklerin biyomiihendislik ve ilintili
disiplinlerde genis bir arastirma araci olarak kullanilacagi eserde yer alan ¢arpict kisimlar
arasindadir. Elitral agilig-kapanis mekanizmasi havacilik ve astronomi miihendisligi i¢in ilham
kaynagi durumundadir. Yaklastk 1 cm wuzunlugundaki firildak ya da deveran bdcekleri
(Gyrinidae), su yiizeyinde 55 cm *' yiizerler ve saniyede 12 yatay rotasyon yaparlar. Hydrobius
fuscipes (Hydrophilidae) akuatik larvasi, suyun alt ylizeyinde uzuvsuz kayarak hayranlik

olusturucu bir davranis sergilemektedir.

S6z konusu eser, Onlisans, lisans ve kismi anlamda lisansiistii egitimde temel basvuru kaynag:
olarak kullanilmaya uygun olup biyocesitliligi genel hatlariyla kavramada yeterlidir. Emek
verilmis ve iizerinde yogunlagilmis bir eserdir. Renkli anlatilarin ve okuyucuyu yormayan sayfa
dizayninin yapilmasi ile eserin okur kitlesinin artis gosterebilecegi diisiiniilmektedir. Eser, dil ve

anlatim 6zellikleri bakimindan yalin ve anlasilir bir ¢ergevededir.
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