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Abstract

This study was carried out in bean seeds in Isparta and Antalya provinces
to determine Bean common mosaic virus (BCMV) in 2016. For this
purpose, 106 seed samples were collected from the research area. Seed
samples were used for biological, serological, and molecular methods. The
virus incidence, as a percentage of seeds samples for BCMV, was found
87.73% by DAS-ELISA and 90.56% by Immunocapture Reverse
Transcriptase-Polymerase Chain Reaction (IC-RT-PCR) methods. As a
result of the study, BCMV was detected in a total of 96 (90.56%) seed
samples. 93 samples were detected positive with the DAS-ELISA method,
while 96 samples were found to be infected with BCMV using the IC-RT-
PCR method. In the IC-RT-PCR method, approximately 850 bp of the coat
protein gene was amplified with specific primers and BCMV specific
bands were obtained at the expected levels.

Keywords: BCMV, bean, seed, molecular detection, serological method
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Oz

Bu c¢alismada, 2016 yilinda Isparta ve Antalya illerinde fasulye
tohumlarinda fasulye adi mozayik viriisii (Bean common mosaic virus:
BCMV) niin belirlenmesi amaciyla yapilmigtir. Bu amagla arastirma
alanindan 106 tohum 6rnegi toplanmistir. Tohum o6rnekleri biyolojik,
serolojik ve molekiiler ¢aligmalar igin kullanilmustir. DAS-ELISA testi
sonucunda tohum orneklerinde BCMV niin hastalik oran1 %87.73 olarak
belirlenirken, Immunocapture ters transkripsiyon polimeraz zincir
reaksiyonu (IC-RT-PCR) yonteminde 6rneklerdeki hastalik orant %90.56
olarak belirlenmistir. Yiiriitiilen ¢calismalar sonucunda toplam 96 tohum
orneginde (%90.56) BCMV belirlenmistir. DAS-ELISA yontemi ile 93
ornek BCMV ile pozitif belirlenirken; IC-RT-PCR ydntemi ile 96 drnek
BCMV ile enfekteli bulunmustur. IC-RT-PCR yonteminde spesifik
primerler ile kilif protein geninin yaklasik 850 bp’lik bir kism1 amplifiye
edilmis ve BCMV ne 6zgii beklenen seviyede bant elde edilmistir.

Anahtar Kelimeler: BCMYV, fasulye, tohum, molekiiler teshis, serolojik
metot
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Introduction

Bean (Phaseolus vulgaris L.) is one of the most important crops with a very high nutritional value.
Edible legumes, of which bean is a member, due to their 18-37% protein (2-3 times those of cereals),
vitamins A, B, and D, and rich mineral contents and its cheaper price compared to animal-based proteins,
are very important food sources. Beans can be consumed in various ways including fresh vegetables,
dry beans, and canned food. Bean plant is a Central America Originated crop, coming to Anatolia 250
years ago and has covered a very widespread area [1]. The world's green bean production is 4.310.733
tons in 26 million hectares. According to 2016 data, in 528.931 ha of a total of 799.379 (ha) legume
fields, 614.948 tons of green bean and 200.673 tons of dry beans were produced in Turkey [2]. Legumes,
due to their high protein content which constitutes a perfect nutritional condition, are susceptible to
being affected by pests and diseases. In vegetable farming, due to many diseases, economic losses occur
in bean production areas which constitute important production values and income sources. There are
large numbers of fungal, bacterial, and viral agents which limit production in the bean-producing areas
in the world [3]. A minimum of 30 viral diseases cause significant yield losses in the bean-producing
areas [4]. Among them, Bean common mosaic virus (BCMYV) is one of the common seed-borne viruses
[5-7]. This virus can be transmitted via seeds, aphids, and mechanically. It was reported that BCMV
was carried via bean seeds and the rate of transmission in seeds obtained from infected plants can
increase up to 83% [8]. Drijfhout and Morales [9] reported the rate of BCMV transmission as 35%,
while Fidan and Yorganci [10] reported the rate of transmission for this virus as 56%. Studies for
maintaining a higher production in the unit area, and increase the quality and the yield comprise the
arrangement of environmental conditions, proper management of farming activities, and protection of
plants and products from diseases and pests. The absence of chemical control methods for pathological
viruses increases the importance of these diseases. Using virus-free production materials in the control
of these viruses which cause problems in production areas is very important [11]. This study was
conducted for the detection of BCMV in bean seeds of the Isparta and Antalya provinces. For this

purpose, biological, serological, and molecular methods were used.

Material and Methods

In this study, 106 seed samples were collected from bean production areas in Antalya (51 samples) and
Isparta Provinces (42 samples) in 2016. Seeds were kept at +4°C until the conduction of tests. For the
determination of BCMV presence in seed samples; bean seeds were planted in small pots in the growth
cabins and left to germinate. The Cotyledonary leaf of germinated bean seeds was used in mechanical
inoculation, DAS-ELISA, and IC-RT-PCR studies. Leaf samples taken from infected bean seedlings
that tested positive in the DAS-ELISA test were used in mechanical inoculation studies as an inoculum
source. Phaseolus vulgaris L., Chenopodium amaranticolor, C. quinoa, and Nicotiana benthemiana

plants were used in mechanical inoculation studies as a test plan. Phosphate buffer (0.01 M; pH 7.2)
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containing 0.01% 2-Mercaptoethanol at 1:1 (W/V) was inoculated to the leaves of the test plants. For

symptom emergence, the test plants were placed in plant growth cabins at 20-24°C (Figure 1).

Figure 1. Cotyledon leaves germinated from bean seeds

For the serological test method, BCMV DAS-ELISA (BIOREBA AG, Switzerland) kit was used in the
study. The application was performed according to the procedure prepared by the related commercial
company [12]. For molecular detection, microtubes were coated with antibodies (100 pl) for BCMV
specific antibodies at concentrations of 1 pg/ml. The tubes were incubated overnight at 4°C. After
washing with PBS—Tween buffer, plant tissue extract, as prepared above for ELISA, was loaded into
the antibody-coated tubes and incubated. After thorough washing with PBS—Tween and a final rinse
with sterile water, the treated PCR tubes were ready for RT-PCR. In IC-RT-PCR studies, an 850 bp of
coat protein gene was amplified with BCMV specific primer pairs. These primer sequences were F-5-
GGATGCGGAGAATCTGTG-3; R-5-GATTGACGTCCCTTGCAG-3  obtained from by
Bhadramurthy and Bhat article [13]. In molecular studies, plant samples that were found to be infected
with BCMV in DAS-ELISA studies were used as the positive control, and the leaves of a healthy bean
plant were used as the negative control. RT-PCR studies were conducted in a single step according to
Primescript One-step RT-PCR kit (Takara Bio Inc., Japan) protocol in 50 pL volume. Amplification
stages were conducted as 50°C 30 minutes, 94°C 2 minutes, 94°C 30 seconds, 55°C 30 seconds, 30
cycles, 72°C 1 minutes and +4°C o. The amplified RT-PCR products were electrophoresed in 1%
agarose gel (Bio-Rad, France) and stained with ethidium bromide and Doc-It (UVP, UK) was used for
imaging.

Results and Discussion

In seeds collected from the survey areas, symptoms were observed including deformities, wrinkling,
changes in shell color, mottling, and grain size reduction. For the determination of BCMV presence in
seed samples; bean seeds that were left to germination in plant growth cabins were harvested after 4-10
days. Leaves developed from the seeds, regardless of showing any symptomatological signs, and were
used in biological, serological, and molecular studies. In mechanical inoculation studies, systemic
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mosaic and leaf deformations and vascular retractions in Phaseolus vulgaris L. (Figure 2) and

deformation, mosaic in N. benthamiana were observed (Figure 3). Local lesions were observed in
Chenopodium quinoa. No symptoms developed on C. amaranticolor. The symptoms obtained in this
study also show similarities with other studies [14-16].

Figure 2. Deformation and mosaic symptoms observed on inoculated leaves of Phaseolus
vulgaris L.

Figure 3. Mosaic and deformation symptoms in N. benthamiana

DAS-ELISA and IC-RT-PCR methods were applied to a total of 106 seed samples (42 samples from
Isparta + 51 samples from Antalya). According to DAS-ELISA test results, 93 of the collected samples
were found to be infected with BCMV. Additionally, in the colorimetric evaluations, a yellow color
formation was observed in the plates containing these samples. Also, in the studies carried out in the
different regions of Turkey, BCMV was detected in seed beans. In the macroscopic examination

performed on the bean seed samples collected from Tokat province and neighboring districts, symptoms
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including wrinkling, shrinking, cracking, splitting, color changes, and yellowing were observed. In the

tests performed using DAS-ELISA, it was detected that 59% of the bean seed samples were infected
with BCMV [11]. Guzel and Arli-Sokmen [6] in their study conducted in Samsun province, reported
that 18.9% of 53 different bean seed samples collected from producers and seed retailers were infected
with BCMV [17, 18]. In IC-RT-PCR studies 96 of 106 samples were found to be infected with BCMV.
Specific primers which amplify approximately 850 bp of the coat protein gene were used in the study.
With IC-RT-PCR studies, it has been also verified that 96 samples and positive controls gave band at
the expected levels and were infected with BCMV. Also, Phaseolus vulgaris L. which showed mosaic
symptoms as a result of mechanical inoculation was used in the molecular studies and the expected 850
bp bands were obtained (Figure 4).

M N P 1516 17 18 19 20 2122 23 2425 26

1,000 bp
L4
500 by
- 0

Figure 4. Agarose gel electrophoresis of IC-RT-PCR products obtained from BCMV, M: Marker (100

bp DNA ladder; P: Positive control; N: Negative control; Lane 1-26 infected samples, Lane 27-31:
Inoculated-Phaseolus vulgaris L.

BCMV was detected in 93 bean seeds collected from the investigation area using DAS-ELISA whereas
96 samples were found to be infected using IC-RT-PCR. In the light of these findings, it was shown that
the IC-RT-PCR method can be more successfully used, compared to DAS-ELISA. In the IC-RT-PCR
method, plant extracts are directly used without nucleic acid isolation and thus some challenges faced
during isolation are eliminated. Different researchers have used this advantage of the IC-RT-PCR
method for the identification of virus diseases in beans [19, 20]. There are a limited number of studies
in Turkey on the determination of viruses in bean seeds [11]. The results obtained in this study are the
first results obtained from Isparta and Antalya provinces regarding BCMV. With this study, the
existence of BCMV have been found out using biological, serological, and molecular methods in bean



Culal Kili¢ and Cat Sinop Uni J Nat Sci 7(1): 1-7 (2022)
ISSN: 2536-4383
seeds in Isparta and Antalya provinces. No study has been observed previously in the region to detect

BCMV in bean seeds.

Conclusions

BCMV detected as a result of the studies is a virus that is carried with the seed and transmitted to long
distances via aphids. In 106 of the tested bean seeds, 96 seeds were found to be infected with BCMV
and this indicates that BCMV is a serious threat in the bean production areas in this area. A vast majority
of the producers in the region use the seeds obtained from the plants of the previous years and therefore
BCMV constitutes a threat to bean farming in Antalya and Isparta provinces in terms of the
epidemiology of viral diseases. For the prevention of disease caused by BCMV, primarily virus-free
certified seeds should be used and procedures such as vector control and improvement of resistant
varieties should be disseminated. This study will form the basis of future epidemiological studies and

endurance studies.
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Oz

Bentonit kili XRD, FTIR ve SEM-EDX teknikleriyle karakterize edildi.
Karakterize edilen kil biitiniiyle kati hal kompozit potansiyometrik
elektrot yapiminda iyonofor madde olarak kullanilmis ve kilin
potansiyometrik uygulamasi gergeklestirilmistir. Elektrodun Pb?* iyonuna
karsi, diger yaygin inorganik katyonlarla karsilastirildiginda oldukca
duyarli ve segici potansiyometrik bir cevap sergiledigi gozlemlenmistir.
Membran optimizasyon calismalari neticesinde en iyi potansiyometrik
performans ozellikleri sergileyen bilesimin kiitlece %65.0 grafit, %5.0 ¢cok
duvarli karbon nanotiip, %20.0 iyonofor (bentonit) ve %10.0 parafin yag:
oldugu belirlenmistir. Pb%* secici kompozit elektrodun 1.0x10° - 1.0x10-
! M konsantrasyon araliginda dogrusal cevap sergiledigi, dogrusal ¢alisma
araliginda standart Pb?* c¢ozeltilerine kars: her 10 katlik konsantrasyon
degisiminde ortalama 31 mV potansiyel fark sergiledigi gozlenmistir.
Elektrodun tayin smir1 9.0x10% M olarak hesaplanmstir. Elektrodun
cevap zamaninin oldukea kisa oldugu (~5 s) potansiyometrik cevabin ve
tekrarlanabilirliginin de oldukga yiiksek oldugu ortaya konmustur.

Anahtar Kelimeler: Bentonit, XRD, kursun, potansiyometrik elektrot
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Abstract

The bentonite clay was characterized by XRD, FTIR and SEM-EDX
techniques. The characterized bentonite clay was used as an ionophore
material in the production of solid state composite potentiometric
electrodes and its potentiometric electrode application was carried out. It
was observed that the electrode exhibited a highly sensitive and selective
potentiometric response to Pb?* ion compared to other common inorganic
cations. Membrane optimization studies indicated thatthe composition
exhibiting the best potentiometric performance properties was 65.0%
graphite, 5.0% multi-walled carbon nanotube, 20.0% ionophore
(bentonite) and 10.0% paraffin oil by mass. It was also observed that the
Pb?* selective composite electrode exhibited a linear response in the
concentration range of 1.0x10° - 1.0x10* M with an average potential
difference of 31 mV for each 10-fold Pb?concentration change in the
linear operating range. The detection limit of the electrode was calculated
as 9.0x10° M. It was also revealed that the response time of the electrode
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Giris

Gilinlimiizde sanayi ve teknolojinin gelismesiyle birlikte cevre, insan ve diger canlilar lizerinde ciddi
olumsuz etkilere sahip olan agir metal kirliligi git gide artmaktadir. Pb, Cd, Hg ve Cr agir metal
kirliligine sebep olan baslica metallerdir. Bu metal iyonlarmin cevre ve su kaynaklarindan
uzaklastirilmasi i¢in adsorpsiyon, iyon degisimi, filtrasyon ve koagiilasyon gibi teknikler yaygin olarak
kullanilmaktadir [1-4]. Bununla birlikte ilgili yontemin uygulanabilmesi i¢in oncelikle su
kaynaklarindaki bu iyonlarin tespiti biiyiik dneme sahiptir. Birgok avantajlarindan otiirii agir metal
iyonlarnin tespitinde voltametri, kondiiktometri, amperometri ve potansiyometri gibi analitiksel
yontemler bilim camiasinin ilgisini ¢ekmistir [5, 6]. Bunlarin arasinda, potansiyometrik iyon segici
elektrotlar, yliksek secicilik, genis ¢aligma aralig, diisiik tayin limiti, hizli yanit vermesi, basit 6l¢lim
islemi, diisiik maliyeti ve 0n islem gerektirmemesi gibi iistiin 6zelliklerinden dolay1 diger analitik
teknikler arasinda yaygin olarak kullanilan elektrokimyasal bir yontemdir. Iyon segici elektrot
caligmalarinda PVC membran elektrotlar klasik olarak en yaygin kullanilan iyon segici elektrot
cesitleridir. Bu elektrotlarda membran yapisinda elektrodun segiciligini ve duyarliligini saglayan en
onemli bilesen iyonofor maddelerdir [7] ve bu tiirler membranin yapisina ilave edilerek kovalent
olmayan etkilesimlerle membran yapisina tutturulur. Fakat elektrot kullanildikga membran
bilesenlerinin zamanla Ol¢iim ¢ozeltilerine akmasi ve membran/iyon elektron doniistiiriiciisii ara
ylizeyinde su tabakasinin olugmasiyla elektrotun kullanim omrii ve performans o6zelliklerinde
bozulmalar meydana gelmektedir [8, 9]. Duyarli membran yapisina iyonoforlarin kovalent olarak
tutturulmas1 veya akma oOzelligi olmayan iyonofor ozelligi gosteren kati hal mikro/nano yapil
materyallerin iyonofor olarak kullanilmasi bu riskleri azaltmaktadir. Bu baglamda; killer [10, 11]
modifiye karbon temelli nano materyaller [12-14], baskilanmis polimerler [15-17] vb. materyallerin
iyonofor madde olarak kullanildig1 elektrotlar Onemli hale gelmistir. Uzun kullanim &mr;

minyatiirizasyona elverisli olma, yenilenebilir 6l¢glim yiizeyine sahip olma, yliksek mekanik kararhlik,
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iyon elektron doniistiiriiclisii/membran arayiizeyinde su tabakasi olusturmama vb. 6zelliklerinden dolay1

biitliiniiyle kati-hal kompozit iyon segici elektrotlar klasik PVC membran elektrotlara goére onemli
avantajlar sunmakta ve son yillarda arastirmacilarin giderek ilgisini ¢cekmektedir. Killer merkez atomu
silisyum ve ona koordine olan oksijen atomlarindan olusan tetrahedral tabaka ile merkez atomu
aliminyum ve ona koordine olan hidroksil iyonlarindan olusan oktahedral tabakalarin birlesmesinden
meydana gelen aliiminasilikatlardir. Tetrahedral ve oktahedral tabaka sayisina gore TO (1:1) veya TOT
(2:1) seklinde adlandirilirlar. Bentonit, baslica bileseni montmorillonit olan killerdir. Montmorillonit,
iki tetrahedral tabaka arasinda bir oktahedral tabakanin yerlestigi (2:1 veya TOT) bir dioktahedral kil
mineralidir [18]. Oktahedral tabakadaki aliimiinyum atomlarin1 yerine daha diisiik ylikseltgenme
basamagindaki atomlarin (Mg?*, Fe?") yer degistirmesi ve tetrahedral tabakadaki silisyum atomlarinin
yerine de yine daha diisiik yiikseltgenme basamagindaki atomlarin (Fe®") yer degistirmesinden otiirii
negatif yiiklidir. Bu yiik dengesizligi de tabakalar arasina giren ve degistirilebilir katyonlar olarak
adlandirilan Na*, Ca?* ve K* gibi iyonlarla dengelenir. Montmorillonitler, biiyiik yiizey alanlari, iyi
adsorpsiyon yetenekleri, yiiksek katyon degisim kapasitesi ve sisme 6zelliklerinden dolay1 endiistrinin
bircok alaninda adsorban, reolojik kontrol ajani ve sulu ortamdan metal iyon degistiricisi olarak
kullanilmaktadir. Bunlar disinda tarim, miithendislik, jeoloji, kozmetik, seramik, plastik ve eczacilik gibi
diger endiistriyel uygulamalar1 da bulunmaktadir. Ayrica kil minerallerinin yapisal ve yiizey 6zellikleri
degistirilmek suretiyle hazirlanan modifiye killer ile istenen 6zelliklere sahip yeni uygulama alanlari
olan malzemeler de elde edilmektedir [19, 20]. Son yillarda, kil modifiye elektrotlar, elektrokimyasal
sensor uygulamalarinda ilgi gérmektedir. Killerin, yiizey aktif maddelerle, ¢esitli molekiillerle ve
nanoparcaciklarla modifiye edilmis tiirleriyle ilgili voltametrik ve potansiyometrik sensor uygulamalari
lizerine bazi ¢alismalar yapilmistir [21-23]. Bu ¢aligmada 6ncelikle Ordu ilinden temin edilen bentonit
kilinin yapisal ve morfolojik o6zellikleri X-iginlar1 kirtmim teknikleri (XRD), taramali elektron
mikroskobu (SEM), enerji dagilimli X-1sinlar1 (EDX) ve Fourier doniisiimlii kizilétesi spektroskopi
(FTIR) teknikleri kullanilarak incelendi. Karakterizasyonu gerceklestirilen kil, biitiiniiyle kati-hal
kompozit potansiyometrik sensoriin yapisinda ilk defa iyonofor malzeme olarak kullanilarak Pb?* segici
potansiyometrik sensoér hazirlandi. Hazirlanan sensériin  membran optimizasyon ¢aligmalari
gerceklestirilerek en iyi potansiyometrik performans 6zelliklerine sahip elektrot bilesimi ve bu bilesime

ait performans 6zellikleri arastirildi.
Materyal ve Metot

Pb?* segici potansiyometrik sensor hazirlanmasinda kullanilan bentonit kili Ordu ili Unye ilgesinden
temin edildi. Oncelikle kil &giitiildii ve sonra kil dis1 safsizliklarin uzaklastirilmas: igin saf suyla
dekantasyon islemi yapildi. Siiziildiikten sonra 105 °C’de kurutuldu. Kurutulan numune 200 mesh’lik
elekle elendi ve kullanilmadan once tekrar 105 °C’de kurutuldu. Sensor hazirlamada kullanilan grafit,

multiwalled karbon nano tiip ve parafin oil Sigma-Aldrich’ten temin edildi.

10
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Pb 2* Se¢ici Kompozit Sensoriin Hazirlanmasi

Pb?" secici kompozit sensoriin hazirlanmasinda agirlikga %65.0 grafit, %5.0 multiwalled karbon
nanotiip, %20.0 iyonofor (bentonit) ve %10 parafin oil kullanilmistir. Bu karigim 30 dakika bir havanda
karigtirilarak homojenize edilmistir. Daha sonra elde edilen bu karisim 0.3 mm ¢apinda ve 3.0 cm
uzunlugunda plastik katater bir boru igerisine doldurulmustur. Plastik boru igindeki karigim uygun
captaki metal gubuklar kullanilarak her iki ucundan iyice preslenmistir. Presleme isleminden sonra 0.5
cm uzunlugunda bir parca kesilerek 15.0 cm uzunlugunda bakir tele baglanmistir. Baglanti noktalar
izole edilerek sensoriin hazirlanmasi tamamlanmustir. Hazirlanan Pb?* segici kompozit sensor, dlgiim
islemlerinden 6nce 1.0x10T M kursun (II) nitrat ¢dzeltisi igerisinde 4 saat sartlandirilmstir. Sensor

kullanilmadig1 zamanlarda kapal1 bir alanda karanlikta muhafaza edilmistir.
Kullanilan Cihazlar

Bentonit kilinin XRD spektrumu PANalytical Empyrean difraktometresi kullanilarak alinmistir. FTIR
spektrumu ThermoNicolet 6700 spektrometresinde 4000-400 cm? araliginda kaydedilmistir.
Numunenin SEM goriintiileri ve EDX verileri FEI-Quanta FEG 450 cihazinda alinmigtir.

Bulgular ve Tartisma
Bentonit Kilinin karakterizasyonu

Bentonit kilinin XRD spektrumu Sekil 1°de verilmistir. 7.02, 19.90, 34.90 ve 61.90 (20) acilarinda
montmorillonit kil bileseninin (001), (020-100), (130-200) ve (060) kirinimlarina ait 13.44, 4.46, 2.57
ve 1.50 A uzakliklarma sahip pikler gdzlenmistir. Temel (001) kirinim pikinin 13.44 A degerine sahip
olmasi ve EDX verilerinde K ve Na elementlerinin varligi; ana bileseni montmorillonit olan bentonitin
tabakalar arasindaki degistirilebilir katyonlarmin K* (¢ogunlukla) ve Na® iyonlart oldugunu
gostermektedir [18, 20]. Ayrica (060) kirnim pikinin 1.50 A degerine sahip olmasi ve EDX verilerinde
Al elementinin fazla olmasi da montmorillonit kilinin aliiminyumca zengin dioktahedral oldugunu
gostermektedir. Bunlara ilaveten 21.70 ve 9.98 (20) agisindaki pikler ise sirasiyla kristobalit ve illit

iceriginden kaynaklanmaktadir.

M(0O01)
)‘ Krs
",
\ \M(OZO—‘I 10)|
e ‘ |
z || /i
K4 \ \ M(130-200)
St LY f\ M(060)
l\-\'-/ {
1 l(D 2‘0 3’0 4'0 5’0 6‘0 70
Act (20)

Sekil 1. Bentonit kilinin XRD spektrumu
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Bentonit kilinin FTIR spektrumu Sekil 2°de verilmistir. 3624 cm™’de yer alan IR piki kilin oktahedral

tabakadaki OH gerilmelerinden kaynaklanirken, 914 cm™ deki pik ise bu OH tiirlerinin egilmelerinden
kaynaklanmaktadir. 3400 ve 1635 cm™deki IR pikleri sirasiyla yapisal suyun OH gerilmesi ve
egilmelerine aittir. 1007, 508 ve 448 cm™’deki IR pikleri ise sirastyla Si-O-Si gerilmesi, Al-O-Si
egilmesi ve Si-O-Si egilmesinden kaynaklanmaktadir. Bunlara ilaveten kristobalit mineraline ait Si-O
gerilmesi ise 790 cm™’de gozlenmistir. Bentonitin IR spektrumu literatiirdeki verilerle iyi bir sekilde
uyumlu olup, XRD verilerinde de belirtildigi gibi ana bileseni montmorillonit ve az miktarda da

kristobalit ve illit igermektedir [18-20].

%T

=
T T T T T T Tr
4000 3500 3000 2500 2000 1500 1000 500

Dalga sayisi (cm™)
Sekil 2. Bentonit kilinin FTIR spektrumu
Sekil 3’de bentonit kilinin farkli biiyiitme oranlarindaki SEM goriintiileri verilmistir. Bentonit, diisiik
biiyiitme oranlarinda piiriizlii, gozenekli pul morfolojisinde bir goriiniim sergilerken, bilyiitme orani
artikca daha piirlizsiiz, kabarik siingerimsi, yapragimsi ve daha homojen bir goriiniime sahiptir. Bentonit

parcaciklarin genisligi mikro inceligi ise nanoboyutlara sahiptir.

Sekil 3. Bentonit kilinin farkl biiyiitme oranlarindaki SEM goriintiileri

12
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Bentonit kilinin EDX spektrumu Sekil 4’te ve kimyasal bilesimi Tablo 1’de 6zetlenmistir. Kilin

oktahedral ve tetrahedral tabakalarindan kaynaklanan Si, Al ve O atomlar1 baglica bilesen iken
oktahedral ve tetrahedral tabakalarin yer degistirmesinden kaynaklanan sirasiyla Fe ve Mg atomlar1 da

bulunmaktadir. Ayrica tabakalar arasinda degistirilebilir katyon olarak bulunan K* ve Na* iyonlarinin

varlig1 da mevcuttur.

Si Ka
e
o
E 0 Ka
[
| AlKa
K La t
IWIg Ke
Fe La K Kg1 Fe Ka
a K K Ka Fe KB1
N N o
1] 1.8 3.6 54 7.2 9.0 10.8 12.6 14.4 16.2
Enerji (keV)

Sekil 4. Bentonit kilinin EDX spektrumu

Bunlara ilaveten kristobalit ve illitin katkisi silisyum, oksijen ve potasyum miktarlarini etkilemistir.
Sonug olarak, ana bileseni montmorillonit ve az miktarda da kristobalit ve illit igerdigi biitiin

karakterizasyon teknikleriyle uyumludur [24].

Tablo 1. Bentonit kilinin EDX verilerinden elde edilen kimyasal bilesimi

Si Al @] Fe Mg K Na
% agirhk 33.33 10.57 51.68 1.36 2.49 0.54 0.03
% atomik 23.97 7.91 65.25 0.49 2.07 0.28 0.03

Pb 2* Secici Kompozit Sensoriin Sensor Bilesiminin Optimizasyonu

Hazirlanan Pb?" segici kompozit sensériin en uygun kompozit bilesiminin belirlenebilmesi igin farkli
oranlarda grafit, multiwalled karbon nano tiip, iyonofor ve parafin oil iceren karigimlar hazirlandi.
Hazirlanan karigimlar ile olusturulan Pb?" segici kompozit sensorlerin konsantrasyonu 1.0x10° —
1.0x10" M arasinda degisen standart Pb?*¢ozeltileri igerisinde sergiledigi potansiyometrik davraniglar

incelendi. Calisilan kompozisyonlar ve elde edilen potansiyometrik performans verileri Tablo2’de

detayl olarak verilmistir.
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Tablo 2. Pb** segici kompozit sensoriin sensor bilesiminin optimizasyonu icin ¢calisilan kompozit
karisimlar ve elde edilen potansiyometrik performans verileri

Egmpozisyon iyonofor Grafit MWCNT Pacr)zialfin Dogl’u(sl\z;ll)arallk ?mggl)l R? Zi Zl)gg'
1 10 65 5 20 1.0x10%*-1.0x102 228  0.9479 24
2 15 65 5 15 1.0x10°-1.0x102 256  0.9739 11
3 20 65 5 10 1.0x10°-1.0x10t 31 0.9994 5
4 25 60 5 10 1.0x10%*-1.0x101 26 0.9597 13
5 30 55 5 10 1.0x10*-1.0x102 21.3  0.9359 28
6 20 60 5 15 1.0x10°-1.0x102 248  0.9686 17
7 20 55 5 20 1.0x10*-1.0x102 212  0.9525 23
8 20 60 - 20 1.0x10%-1.0x102 204  0.9482 16
9 20 65 - 15 1.0x10°-1.0x10" 26.2  0.9862 10

Tablo 2’de 6zetlenmis olan performans degerleri karsilagtirildiginda en uygun sensoér kompozisyonunun
agirlikga % 65.0 grafit, %5.0 ¢ok duvarl karbon nanotiip, %20.0 iyonofor (bentonit kili) ve %10 parafin
oil oldugu belirlenmistir. Sensor bilesiminde ¢ok duvarli karbon nanotiipiin (MWCNT) kullanilmasi
hem sensoriin iletkenligini gelistirir hem de kimyasal sinyalin elektrik sinyaline verimli bir sekilde
iletilmesini saglar. iletkenligin artmasi ile sensdriin dinamik ¢alisma aralig1 genisler, hassasiyeti artar ve
tepki siiresi kisalir. Bu nedenle sensor bilesiminde %35.0 oraninda ¢ok duvarli karbon nanotiip
(MWCNT) kullanildi [25]. Bu asamadan sonra yapilan tiim potansiyometrik performans testleri
optimum kompozit bilesimine sahip elektrot kullanilarak ger¢eklestirilmistir. Optimum kompozisyon
bilesimi belirlenen Pb?* secici kompozit sensoriin detayli potansiyometrik cevabu test edildi. Bu ¢alisma
i¢in sensoriin 1.0x107 - 1.0x10* M arasindaki konsantrasyonlarda degisen farkli konsantrasyonlardaki
standart Pb*¢ozeltileri igerisinde sergiledigi potansiyometrik davranis incelendi. Elde edilen veriler
kullanilarak potasiyel(E)-log[Pb?*] grafigi olusturuldu ve Pb?* segici kompozit sensoriin dogrusal
calisma aralig1, egim ve R2degerleri gibi nemli potansiyometrik performans dzellikleri belirlendi. Sekil
5’te elektrodun kalibrasyon egrisi, Sekil 6’da ise Pb?* segici kompozit sensoriin dogrusal ¢alisma aralig,
egim ve R? degerleri verilmistir. Sekil 5 ve Sekil 6’daki grafikler incelendiginde, Pb%" segici
kompozitsensdriin 1.0x10° - 1.0x10* M arasinda standart Pb?" ¢ozeltilerine karst her 10 katlik
konsantrasyon degisiminde 31 mV egimle dogrusal cevap sergiledigi gézlenmistir. 1.0x10° - 1.0x10!
M dogrusal ¢alisma aralifina sahip olan Pb?* se¢ici kompozit sensériin bu dogrusal ¢alisma araligindaki
belirleme katsayisinin (R?) ise 0.9994 oldugu gozlenmistir. Elektrodun tayin siniri Sekil 5’teki

kalibrasyon egrisinin iki dogrusal bolgesinin kesim noktasindan 9.0x10® M olarak hesaplanmigtir.

14



Dogan ve ark.

Sinop Uni J Nat Sci 7(1): 8-21 (2022)

Sekil 5.
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Pb** secici kompozit sensor ile gerceklestirilen detayl kalibrasyon grafigi
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Sekil 6. Pb** secici kompozit sensoriin dogrusal ¢alisma araligi, egim ve R* degerlerini gosteren
grafik

Pb 2* Secici Kompozit Sensoriin Segiciligi

Pb?* segici kompozit sensoriin segiciligini belirlemek igin sensoriin yaygin olarak kullanilan katyonlarin

1.0x10° - 1.0x10? M konsantrasyon araligindaki ¢ozeltilerine karsi sergiledigi potansiyometrik

davramis1 test edildi. Pb?* secici kompozit sensor tiim katyon ¢ozeltilerine ayri ayri daldirildi ve bu

esnada elde edilen potansiyel degerleri kaydedildi [25]. Bir ¢6zeltiden diger bir ¢ozeltiye gegis sirasinda
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sensOriin yiizeyinin deiyonize su ile yikanmasina dikkat edildi. Elde edilen potansiyel degerleri

potansiyel-derisim grafigine gecirildi (Sekil 7).
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o
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500 A
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Sekil 7. Pb** secici kompozit sensoriin Pb* iyonu ve diger iyonlara karsi sergiledigi potansiyometrik
davranig

Sekil 7°de goriildiigii gibi hazirlanan Pb?* secici kompozit sensériin yaygin kullanilan katyonlarin

yaninda Pb 2" iyonlarina kars: segici ve duyarli bir potansiyometrik cevap sergiledigi gozlendi. Sekil

7°deki veriler yardimiyla ayri ¢ozelti metodu kullamilarak Pb?* segici kompozit sensdriin Pb?"'nin

yaninda diger iyonlara karsi sergiledigi seciciligin kantitatif ifadesi olan segicilik katsayis1 degerleri

hesaplandi. Hesaplanan segicilik katsayisi degerleri Tablo 3 de verilmistir.

Tablo3. Pb**secici kompozit sensériin hesaplanan secicilik katsayisi degerleri

Girigim Ayri Cozelti Metodu (SSM)
Logaritmik secicilik katsayisi
?;Ein Secicilik katsayis1 degerleri (K} 8 degerleri E—log Kol y
K* 9.28x1072 2.03
NH4* 9.28x10°? 2.03
Na * 8.62x107° 2.06
Zn?* 5.12x103 2.29
Cs* 4.10x1073 2.39
Rb* 3.81x10°% 2.42
Li* 1.81x10° 2.74
Ba ?* 1.81x10°% 2.74
Ni 2* 1.16x10°% 2.93
Cu? 8.00x10* 3.10
Ca? 6.90x10* 3.16
Co?* 4.76x10* 3.32
Sr2* 3.81x10% 3.42
Cr3* 1.90x10* 3.72
Mg # 1.08x10* 3.97
Al 3* 6.25%10° 4.20
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Tablo 3’te verilen logaritmik segicilik katsayis1 degerleri incelendiginde Pb?* segici kompozit sensdriin

potansiyometrik cevabina en yiiksek girisim etkisinin 2.03 degeri ile K* ve NH4" iyonlarindan oldugu
goriilmektedir. Bu defer bize gostermektedir ki hazirlanan Pb?* secici kompozit sensdriin
potansiyometrik cevabina en yiiksek girisim etkisi olan K* ve NH4* iyonlarinin varliginda bile sensor,
Pb?" iyonlarina kars1 107.15 kat daha secici potansiyometrik davrams sergilemistir. Sonug olarak,
hazirlanan Pb?* segici kompozitsensdriin Pb?* iyonlarina kars1 yiiksek segicilikte potansiyometrik

davranis sergiledigi belirlenmistir [25].
Pb 2* Segici Kompozit Sensoriin Tekrarlanabilirligi

Pb?* secici kompozit sensériin potansiyometrik cevabimin tekrarlanabilirligi 1.0x102 M, 1.0x10° M ve
1.0x10* M standart Pb?* ¢ozeltileri kullanilarak test edildi. Bir ¢dzeltiden diger bir ¢dzeltiye gecis
sirasinda sensoriin yiizeyinin deiyonize su ile yikanmasina dikkat edildi. Pb?* segici kompozit sensdr
standart Pb?" ¢ozeltileri igerisinde denge potansiyeline ulasincaya kadar bekletilmistir ve denge
potansiyeline ulasildig1 andaki gdzlenen potansiyel verileri kaydedilmistir. Elde edilen potansiyel
degerleri potansiyel-zaman grafigine gecirildi. Sekil 8’de Pb%*" segici kompozit sensoriin

potansiyometrik cevabinin tekrarlanabilirligi verilmistir.
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Sekil 8. Pb** secici kompozit sensériin potansiyometrik cevabimin tekrarlanabilirligi (a=1.0x10™ M,
b=1.0x10" M ve c=1.0x10° M Pb*")

Pb 2* Secici Kompozit Sensoriin Cevap Zamam

Calismamizda, Pb?* segici kompozit sensdriin cevap siiresini belirleyebilmek amaciyla 1.0x10 M,
1.0x102 M, 1.0x103 M, 1.0x10* M ve 1.0x10° M standart Pb?*" ¢ozeltileri kullanildi. Pb?" segici
kompozit sensor bu ¢ozeltiler icerisine direkt olarak daldirildi. Bir ¢6zeltiden diger bir ¢ozeltiye gegis
sirasinda sensoriin yiizeyinin deiyonize su ile yikanmasina dikkat edildi. Bu esnada potansiyometrik
sistem siirekli ¢alisir durumda tutuldu. Pb?* segici kompozit sensériin 1.0x101 M standart Pb?* ¢ozeltisi
igerisinde ulagtigi denge potansiyeli degerinden 1.0x102 M, 1.0x10° M, 1.0x10* M ve 1.0x10° M

derisimlere sahip Pb?*iyon ¢ozeltilerinde ulastig1 denge potansiyeli degerlerine gecis siireleri incelendi.
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Elde edilen veriler potansiyel-zaman olarak grafige gegirildiginde, gelistirilen Pb?* segici kompozit

sensdriin cevap zamaninin ortalama 5 saniye oldugu belirlendi. Sekil 9°da Pb?* se¢ici kompozit sensoriin

cevap zamani verilmistir.
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Sekil 9. Pbh** secici kompozit sensoriin cevap zamani (A: 1.0x1 0% B: 1.0x10% C: 1.0x10%, D:
1.0x10™ E: 1.0x10°mol/L Pb*").

Sonug¢

XRD, FTIR ve SEM-EDX teknikleri bentonit kilinin ana bileseninin montmorillonit ve az miktarda da
kristobalit ve illit igerdigini; tabakalar arasindaki degistirilebilir katyonlarinin K* (¢ogunlukla) ve Na*
iyonlar1 oldugunu ortaya koymustur. Bu kilin Pb?* segici bir iyonofor olarak biitiiniiyle kati hal kompozit
potansiyometrik sensdriin yapisinda kullanilabilecegi gosterilmistir. Hazirlanan potansiyometrik sensor
Pb**-iyonlarina kars1 oldukga duyarl segici ve kararhi potansiyel degerleri sergilemistir. Sensoriin
kursun iyonlarina kars1 105-10"* M konsantrasyon araliginda, 31.0 mV/10 katlik konsantrasyon degisimi
egim degeri ile dogrusal cevap sergiledigi, tayin smirmm da 9.0x10® M oldugu belirlenmistir.
Hazirlanan elektrot biitlinliyle kati-hal kompozit yapiya sahip oldugundan minyatiirizasyona uygun,
hazirlanmasi oldukga basit, mekanik olarak da olduk¢a dayaniklidir. Elektrot yiizeyinden ince kesitler
alinarak elektrot yiizeyinin tazelenmesi miimkiindiir. Bu 6zellik kullanim émriinii tamamlayan yiizeyin
yenilenerek elektrotun defalarca kullanilabilmesini miimkiin kilmaktadir ve 6l¢iim maliyeti agisindan
onemli avantajlar saglamaktadir. Ayrica elektrotun yapisinda ¢ok ucuz ve bolca bulunan kil materyalinin
iyonofor olarak kullanilmasi, ¢ok yiiksek maliyetlerle temin edilen ticari iyonofor maddelerle hazirlanan
elektrotlarla karsilastirildiginda 6nemli bir avantajdir. Yine 6nerilen elektrodun bir diger nemli avantaji
da polimer yapisinda membran igermediginden dolay1 iyon elektron doniistiiriiciisi/membran ara
ylizeyinde elektrodun stabilitesine zarar veren su tabakasinin olusmuyor olmasidir. Kullanilan iyonofor
maddenin kat1 halde olmas1 ve ¢dziinerek 6l¢lim ¢dzeltisine gegme ihtimalinin diisiik olmasi nedeniyle
klasik iyonofor temelli PVC membran elektrotlara gore daha uzun kullanim 6mriine sahip olacagi

ongoriilmektedir.
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Abstract

In this study, walnut shell, which is abundant in Turkey and low-cost

biomass waste, has been used for activated carbon production and

phosphate removal from aqueous solutions with the produced activated
Research Article carbon was investigated. ZnCl, was used to prepare adsorbent by chemical

activation method. Produced activated carbons were characterized by

moisture content, ash content, iodine number, Fourier transform

Corresponding Author infrared spectroscopy (FT-IR) and scanning electron microscopy (SEM)
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Sulu Cozeltilerden Etkin Fosfat Giderimi i¢in Ceviz Kabugu Bazh Aktif Karbon
Kullanimi

!Kocaeli University, Department Oz
of Environmental Engineering,

Kocaeli, Turkey. Bu calismada Tiirkiye'de bol miktarda bulunan ve diisiikk maliyetli

biyokiitle atig1 olan ceviz kabugu aktif karbon tiretimi i¢in kullanilmistir
ve iretilen aktif karbon ile sulu ¢ozeltilerden fosfat uzaklagtirilmasi
aragtirtlmistir.  ZnCl, kimyasal aktivasyon yontemi ile adsorbent
hazirlamak icin kullanilmistir. Uretilen aktif karbonlar nem igerigi, kiil
icerigi, iyot sayisi, taramali elektron mikroskopisi (SEM) ve Fourier
transform kizilotesi spektroskopi (FT-IR) analizleri ile karakterize
edilmigtir. Brunauer-Emmett-Teller (BET) denklemi kullanilarak aktif
karbonun spesifik yiizey alan1 415.433 m?/g olarak hesaplanmistir. pH,
adsorbent miktari, karistirma hizi ve sicakligin etkileri arastirilmistir.
Adsorpsiyon izotermi farkli izoterm modelleri ile analiz edilmistir.
Langmuir izoterminin deneysel veriler ile uyumlu oldugu goriilmiistiir.
This work is licensed under a Sozde ikinci dereceden kinetik modelde, teorik olarak bulunan degerler
Creative Commons Attribution (g, ) deneylerle belirlenenlere ok yakindir (Ce,exp). Sonuglar, WSAC

4.0 International License iizerindeki fosfat adsorpsiyonunun sdzde ikinci derece kinetik modele
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uydugunu gostermistir. Termodinamik analize gore, WSAC'deki fosfat
adsorpsiyonu ¢alisilan kosullarda endotermiktir.

Anahtar Kelimeler: Fosfat, aktif karbon, adsorpsiyon izotermleri, ceviz
kabugu

Introduction

The abatement of elevated phosphorus levels in water bodies is of momentous urgency from the aspect
of environmental management, due to its adverse impact on the aquatic ecosystems and human health
[1]. In order to remove phosphorus from water and wastewaters, the state-of-the-art treatment methods
can be physical, chemical and biological processes [2]. Precipitation as a chemical method is widely
used for phosphorus removal [3]. Although chemical precipitation is an effective method, it causes
problems such as the complexity of the control system, the use of chemical substances, the excess
amount of phosphate sludge formed in the precipitation and disposal of the sludge [4]. Biological
processes are lower cost alternatives to chemical treatment of wastewater. Biological phosphorous
removal is based on stress-induced activity of the microorganisms for excessive adsorption than usual
requirement for microbial growth [5]. Up to 97% of total phosphorus can be treated with advanced
biological treatment, but difficulties may arise in operating the process [6]. In addition to the high cost
of biological and physical-chemical methods in phosphorus treatment, difficult operating conditions
limit the use of these methods. Therefore, it is crucial to use reliable and economical technologies for
removing phosphorus from wastewater. Example methods can be stated as adsorption, ion exchange,
membrane, electrocoagulation, reverse osmosis, and electrodialysis [7]. For phosphate removal,
adsorption is evaluated as a useful and cost-effective method, considering readily available materials at
hand [8-10]. Especially in studies with calcium carbonate, calcium kaolinite, red mud, half-burnt
dolomite, fly ash, clinker, zeolite, pumice stone, titanium dioxide and coconut shell, very successful
results have been obtained in removing phosphate from wastewater [11]. Activated carbon can be
defined as an adsorbent material for which surface area and pore volume are highly improved by
applying activation process to materials that contain high carbon [12]. Activated carbon can be produced
from several raw materials containing low inorganic material and high carbon. In addition to wood, coal
and coconut, which are commonly used substrates in activated carbon production, many agricultural
wastes and products are also utilized as activated carbon materials for removing some compounds (both
organic and inorganic) in liquid and gas phase [13]. Activated carbon contains carbon component within
the range of 85-95% and other elements, for example hydrogen, oxygen, nitrogen, and sulfur. Typical
activated carbon’s elemental composition may be comprised of 88% C, 6-7% O, 0.5% N, 0.5% H and
1% S. The oxygen content of activated carbon may vary between 1-20% depending on the preparation
of the substance [14]. Activated carbon’s physicochemical properties can be changed by type of raw
material used as well as activation conditions [15]. The application of various thermal and chemical

treatments improves the pore structure of the raw materials and allows the formation of micropores [16].
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Cost-effectiveness, availability, and unique content (high carbon and low inorganic) are the reason for

preferring agricultural waste usage in activated carbon production in recent years [17]. Vegetative waste
usage for activated carbon production makes an important contribution to the solution of environmental
problems [18]. Within the sustainable environment approach, it is aimed to evaluate walnut shells from
agricultural wastes formed in our country and to obtain an adsorbent that can be used as an alternative
in the removal of phosphate, which is an important pollutant. Phosphate removal with different
adsorbents has been studied in the literature. However, while the removal applications of pollutants such
as dye and chromium with activated carbon obtained from walnut shell are more, phosphate removal
applications are very few. This study aims to investigate whether activated carbon prepared from walnut
shell is effective for phosphate removal from aqueous solution. Several important experimental
conditions such as pH, adsorbent amount, agitation speed and temperature and also isotherm models,

adsorption kinetic and thermodynamic were investigated in the present study.
Materials and Methods
Materials

Walnut shell (WS) was gathered as household waste. The composition of the WS was 47.22% C, 6.12%
H, 1.33% N, 1.05% ash and 3.37% moisture. Different chemicals were used in the experimental stages
of the study. For the activation of the raw materials, zinc chloride (ZnCl,, Merck) was applied as
activating agent. KH,PO. (Merck) was utilized in the preparation of the stock phosphate solution. For
pH adjustment NaOH (Merck) and H,SO. (Merck) were used. During analysis of orthophosphate,
(NH4)sM07024.4H,0 (Merck), SnCl, (Merck), CsHgO3 (Merck) and phenolphthalein (Merck) were used.
During the analysis of iodine number, concentrated hydrochloric acid (HCI, Merck), sodium thiosulfate
(NazS203.5H,0, Merck), sodium carbonate (Na2COs, Merck), iodine (I, Merck), potassium iodide (K,
Merck) and starch (Merck) were used according to the standard procedure. All chemicals used were of

analytical grade.
Equipments

Drying oven (NUVE model FN 500), jaw crusher (UNAL model 100 x 100 mm), shaking bath (NUVE
model ST 30), laboratory type chamber furnace (PROTHERM), ash furnace (BLULAB), pH meter
(Thermo Scientific ORION STAR model A111), magnetic stirrer (MTOPS MS300 HS) and

spectrophotometer (HACH DR 5000) were used in the experiments and analyses.
Methods

The surface morphology of the raw shells and activated carbons was investigated with SEM (JEOL
JSM-6060). Surface functional groups, or structure characterization of the raw shells and activated

carbons, were analyzed through the FTIR transmission spectra recorded by using a FTIR

24



Arslan and Zeybek Sinop Uni J Nat Sci 7(1): 22-40 (2022)

ISSN: 2536-4383
spectrophotometer (FTIR-Bruker Alpha) in the wave number range of 4000-400 1/cm. BET analysis

(Quantachrome Quadrosorb SI) was performed at Yildiz Technical University Science and Technology
Application and Research Center. For ash and moisture contents, 1 g of activated carbon samples were
weighed with an analytical balance. By placing the samples in the balanced crucibles, the ash content
was determined by burning them at 650°C for 10 hours in furnace, and the moisture content was
determined by drying them at 105°C for 24 hours in oven. To determine the iodine number, 1 g of
activated carbon sample placed in a 250 mL titration flask was soaked with 10 mL of 5% HCI solution
and then boiled for 30 seconds, later it was allowed to cool. 100 mL of stock iodine solution was added,
and homogenization of the mixture was achieved using magnetic stirrer. It was then filtered through a
filter paper and titrated with thiosulfate solution. After a pale-yellow color was obtained, titration was
carried on with adding 2 mL of starch into the filtrate. The amount of iodine in the filtrate was calculated
from the amount of thiosulfate spent up to the turning point [19]. Total phosphorus analyses were
performed in accordance with the tin chloride method (4500-P D.Stannous Chloride Method) given in
Standard Methods [20].

Synthesis of WSAC

The walnut shells were first washed several times with tap water to remove foreign particles. After, the
shells were washed with distilled water and then dried in an oven at 105°C, for 12 hours. The shells
dried in the oven were then crushed to the size of 1-3 mm using a 100x100 mm jaw crusher. For
activation, the crushed shells were immersed in ZnCl; solution (30%) with the impregnation ratio of 1:1
and then stirred in a shaking bath at 80°C and 125 rpm, for 4 hours. The samples removed from the
shaking bath were filtered through coarse filter paper and dried in the oven at 105°C, for 12 hours.
Activated shells were carbonized in the ash furnace at 600°C, under nitrogen gas flow of 250
mL/min, for 60 min. After the carbonization processes, the activated carbon samples were washed with
distilled water until pH 6-6.5 to remove the excessive chemicals used for activation. The ultimate

samples were dried in the oven at 105°C, for 12 hours.
Characterization of WSAC

Synthesized activated carbon was characterized by several analysis which were moisture and ash
content, iodine number, SEM, FT-IR and BET. The moisture and ash contents and also iodine number
of the produced adsorbent was compared with similar studies in literature (Table 1). The BET specific
surface area was calculated to be 415.433 m2.gL. It has been determined that WSAC has a microporous

structure.
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Table 1. Studies about activated carbon production and characteristics

Activatin Ash Moisture lodine

Shell Agent 9 Content  Content Number References
g (%) (%) (mg/g)
Hazelnut Shell ZnCl; 1.23 11.02 - [21]
Almond Shell ZnCl, i i A-S: 256 [22]
Walnut Shell H3PO4 W-S: 958
Walnut Shell ZnCl; - - 400 [15]
Walnut Shell KOH - - 303 [23]
Chestnut Shell C-S:785
Hazelnut Shell ZnCl | - H-S: 276 [24]
Peanut Shell ZnCl; 8.20 9.00 1114 [25]
Chestnut Shell ZnCl, - - 917 [26]
Hazelnut Shell HsPO, 5.32 - 397.7 [27]
Hazelnut Shell ZnCl; - 1.97 737 [28]
HsBOs

Hazelnut Shell K,COs 2.92 7.41 1009.71 [29]
Walnut Shell ZnCl, 1.81 1.03 449 Current Study

In the study, performed by [30], activated carbon was produced from pecans. Activated carbons were
characterized by its pore structure, FTIR analysis and acidic surface groups. The raw pecans were
reduced to a certain size and their activation was carried out with HsPO, solution (30%). It was observed
that the pore structure of the activated carbon was more improved at higher activation temperatures and
1130 m?/g of BET surface area was achieved. [31] applied vacuum chemical activation to produce
activated carbon from walnut shells. The highest surface area of the sample obtained at ZnCl:walnut
shell ratio of 2:1 and activation temperature of 450°C was 1800 m?/g. And it was stated that these
activated carbon samples were good adsorbents for removing some organic pollutants in water. In their
study with two different impregnation ratio, [28] concluded that the iodine number and the BET surface
area of the activated carbon with a walnut shell: ZnCl, impregnation ratio of 1:1 were 760 mg/g and 803
m2/g, respectively. On the other hand, the iodine number and the BET surface area of the sample with
1:0.5 impregnation ratio were 737 mg/g and 780 m?/g, respectively. In the study performed by [32],
activated carbon had 1452 m?/g surface area and 1.970 nm average pore diameter which was obtained

from 60 min-carbonization of 5 g walnut shell activated with ZnCl, with the impregnation ratio of 1:1.
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SEM

In Figure 1a and b, SEM images softly are given to show the surface morphology of the raw walnut
shell and the activated carbon. When the images are examined in Figure 1a, it is seen that the surface of
the raw walnut shell was smooth and slightly indented. But then, in Figure 1b, it was obvious that after
activation/carbonization, there occurred small pores inside the pores even if its inner walls seemed

smooth and also the surface area was increased due to the formation of apparent indentations.

5 " 1 ’: i -/A-
Figure 1. (a) SEM mages of w

T -‘,‘*-:“’-'w‘ e : g 7 ‘. 4 ;
alnut shell (100x, 250x, 500x, 1kx) (b) SEM images of activated carbon
(100x, 250x, 500x, 1kx)

FTIR

In Figure 2, the FTIR analysis is given, and it may be concluded that the apparent band intensity of
organic molecules was weakened because of activation and the cellulosic organic structure of the

walnut shell became disrupted.
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Figure 2. FT-IR spectra of the acivated carbon samples and walnut shell
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Adsorption Experiments

In the experiments, the effects of pH, adsorbent amount, agitation speed and temperature were
investigated on the adsorption process. The batch adsorption experiments were conducted using 100 mL
synthetic phosphate solution of different initial concentrations (10, 20 and 30 mg/L). 0.5 g WSAC was
added in 250 mL Erlenmeyer flasks. The flasks were placed in a shaker at a constant speed of 150 rpm
and 25°C for 150 min. By determining the residual phosphate amount in the solution after adsorption,
the adsorption capacity values (ge) and phosphate removal efficiencies were calculated according to the

following equations:

(Co-C V
9= = )
Efficiency (%)= (C-C,)/Co*100 )

Where Coand C. (mg/L) are the initial and equilibrium concentrations of phosphorus respectively. M

(9) is the mass of the adsorbent and V(L) is the volume of the solution.
Results and Discussion
Effect of pH

For evaluating the effect of initial pH; the adsorption studies were conducted in the pH range of 2-10,
with 0.5 g of adsorbent and 20 mg/L initial phosphate concentration, at 25°C and 150 rpm, for 150 min.

The results are given in Figure 3.

100 -+ -5
* * ¢
*

80 - - 4
;\E‘. - [ —
..t__u. 60 3 =
2 g
£ o ¢Removal (%)
a 40 - -2 o
= qe (mg/g)

20 A -1

0 T T T T T 0
0 2 4 6 8 10 12

Figure 3. The adsorption capacities and removal efficiencies at different pH (Co=20 mg/L, 150 min,
0.5 g adsorbent/100 mL, 150 rpm, 25°C)

According to the Figure3, the phosphate removal efficiency tended to increase with the increment of pH

in the range of 4-7. Because of the insignificant difference between the phosphate removal efficiencies
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of particular pH levels, the studies for other parameters were conducted at 6.5, original pH of the

solution. Additionally, the highest adsorption capacities (ge) were also achieved at pH 6.5. At low pH
(2-4), phosphate adsorption capacity decreased with protonation caused by high H* ion concentration.
Also, the decrease in the capacity, at pH higher than 8, could be due to the competition of phosphate and
OH-ions for the adsorption sites on the adsorbent surface [33-34].

Effect of Adsorbent Amount

The adsorption studies for investigating the effect of adsorbent amount were performed with amounts
varying between 0.1-0.9 g. Other conditions were hold at pH 6.5, initial phosphate concentration of 20
mg/L, 25°C, 150 rpm and for 150 min (Fig. 4).

100 - - 8
& . ¢
80 -+
- 6
< L 2
S -4 g
g —  ®Removal (%)
40 - v
a o
« * qe (mg/g)
-2
20 -
0 T T T T O
0 0,2 0,4 0,6 0,8 1
Adsorbent amount (g/100 mL)

Figure 4. The adsorption capacities and removal efficiencies with different adsorbent amount (Co=20
mg/L, 150 min, pH 6.5, 150 rpm, 25°C).

It was observed that the phosphate removal efficiencies increased proportionally to the increase in the

adsorbent amount. However, for applications higher than 0.5 g, the removal efficiencies remained close.

Thus, the optimum adsorbent amount was determined as 0.5 g. The decrease in the adsorption capacity

with the increase in the adsorbent amount is due to the unsaturation of the active sites during the

adsorption process [35].
The Effect of Agitation Speed

In adsorption, the adsorbate must be in contact with the adsorbent in the most effective way to achieve
high efficiency. Therefore, the adsorption studies to investigate the optimum agitation speed were
carried out with the speeds ranged between 50-200 rpm. Other hold values were pH 6.5, initial phosphate
concentration of 20 mg/L, adsorbent amount of 0.5 g, room temperature, and 150 min. The effect of the
agitation speed is presented in Fig. 5. Phosphate removal efficiencies tended to increase with the increase

in agitation speeds.
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Figure 5. The adsorption capacities and removal efficiencies at different agitation speeds (Co=20
mg/L, 150 min, pH 6.5, 0.5 g adsorbent/100 mL, 25°C).

Effect of Temperature

Temperature is an important physochemical process parameter that changes adsorption capacity of
adsorbent. The effect of temperature on the adsorption of phosphate by WSAC was examined in the
range of 25-45°C with 20 mg/L initial phosphate concentration and 0.5 g adsorbent dosage, at pH 6.5
and 150 rpm, for 150 min. The results are shown in Fig. 6. There was no significant difference between
the removal efficiencies of the studied temperature levels. Thus, the experiments were performed at

room temperature.

100 - * &> - 8
<
80
- 6
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Figure 6. The adsorption capacities and removal efficiencies at different temperatures (Co=20 mg/L,
150 min, pH 6.5, 0.5 g adsorbent/100 mL, 150 rpm)

Adsorption Isotherms

The data obtained were applied to Freundlich, Langmuir, Temkin and Dubinin-Radushkevich adsorption

isotherms.

30



Arslan and Zeybek Sinop Uni J Nat Sci 7(1): 22-40 (2022)
ISSN: 2536-4383

Freundlich Isotherm

Freundlich isotherm is used to model adsorption on heterogeneous surfaces and is expressed in the
following equations [36].

log g =logKy +i log C, )

where Kr (mg/g) is the Freundlich adsorption constant and n Freundlich density constant and
heterogeneity factor, which is a constant related to surface heterogeneity.

Langmuir Isotherm

Langmuir isothermia is the most widely used isotherm model and is used to describe single-layer

homogeneous adsorption [37]. Langmuir isotherm is expressed by equality (2);
Ce/q,=(1/k Vi)+(Ce/Vin) (4)

Where; qe indicates the amount of adsorped substance (mg/g), k equilibrium constant (L/mg), Ce:

concentration of the substance remaining in the solution after adsorption (mg/L) and Vm adsorption

capacity (mg/g).
The sizeless separation factor (Ry is calculated with the following equality help to determine whether

langmuir adsorption isotherm is appropriate.
Ry =1/ (1+a; Co) ®)

Where aj (L/mg) refers to the Langmuir constant and C is defined to the adsorbate initial concentration
(mg/L).
The fact that the R, value is greater than 1 indicates that the adsorption process is unfavorable, equal to

1is linear, it is appropriate to have a value between 0 and 1, and if it is 0, adsorption is irreversible [38].
Temkin Isotherm

Temkin isotutery assumes that the decrease in adsorption energy is linear [39]. Temkin isotherm is

calculated from the following equation;
q,=BInA+BInC, (6)

A indicates the constant, which represents adsorbate-adsorbate interactions, and B: indicates a constant

related to adsorption temperature.
Dubinin — Radushkevich Isotherm

D-R (Dubinin—Radushkevich) isothermia provides information about whether the adsorption process is

physical or chemical adsorption [40]. D-R isotherm equality is as follows;

In quInV'm- K'¢? ()
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where ge (mg/g) is the amount of substance adsorped at equilibrium, V., (mg/g) is the capacity of

adsorption, K (mol2k/J2) is constant related to adsorption energy and ¢ is Polanyi potential.

Polanyi adsorption potential can be defined as follows;
e=RTIn(1+ 1/C,) (8)
R, shows universal gas constant (kJ K* mol™) and T' :temperature (K).

The average free energy (E) of adsorption is free energy, which changes with the transfer of each mole
adsorbate to the surface and is calculated using the following formula;

E=(2K) " ®©)

The size of the E value can be used to estimate the type of adsorption process [41]. All isoterm model
parameters are given inTable 2.

Table 2. Adsorption isotherm parameters

Model Model Parameters R?
. Vm=7.61; k=0.38
Langmuir R. = 0.50 0.97
Freundlich Kr=2.51; n=2.82 0.82
Temkin A=5.632; B=1.4337 0.84
K =-0.3422
Vm = 5.75

Dubinin-Radushkevich 0.85

E=121

It was shown that the best fitting of the experimental data for isotherm models achieved by the Langmuir
isotherm. This is thought to be due to homogeneous distribution of active parts on the adsorbent surface.
In this study, the maximum adsorption capacity on the WSAC was obtained 7.61 mg/g based on the
Langmuir isotherm model. The sizeless constant separation factor (Ryyvalue is calculated as 0.50, and

the fact that this value is between 0 and 1 indicates that adsorption is appropriate.
Kinetics of Adsorption

At this stage of the study, batch adsorption experiments were applied for different initial concentrations
(10, 20 ve 30 mg/L) under the optimum conditions determined (pH 6.5, 0.5 g adsorbent, 150 rpm and at
25°C). Phosphate removal against time is seen in Figure 7 and adsorption capacity values are seen in
Figure 8. The amount of phosphate adsorbed increases as the initial solution concentration increases.
This increase is since the executive force of mass transfer becomes dominant with the increase of initial
concentrations [42]. Low adsorption capacities also indicate that the active regions on the adsorbent

surface do not reach fullness for low initial concentrations [43].
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Figure 7. Relationship between contact time and initial concentration and phosphorus removal (pH
6.5, 0.5 g/100 mL, 25°C, 150 rpm)
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Figure 8. Effect of different initial concentration on adsorption capacity (pH 6.5, 0.5 g/100 mL, 25°C,
150 rpm)

Pseudo-First-Order Reaction Kinetic
The pseudo first order speed equality developed by Lagergren is as follows [44];
ln(qe—qt)= Inq -k t (10)

where ge. (mg/g) and g: (mg/g) are the amounts of adsorbate on the sorbents at equilibrium and time t,

respectively. ki (min?) is the pseudo-first order rate constant of adsorption.
Pseudo-Second-Order Reaction Kinetic

The Pseudo second order kinetic model based on adsorption equilibrium capacity is as follows.

t 1 t
L. +4 11
qt k2 qc2 qc ( )

k> (g/mg.dk) is the rate constant of pseudo-second-order adsorption.
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Kinetic models were applied to the values given in Figure 9.
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Figure 9. The kinetics models for adsorption of phosphate on the WSAC; (a) pseudo- first order

model; (b) pseudo- second order model

The results of kinetics data analysis were given in Table 3.
The values obtained from experimental data (Qe,exp ) and theoretically (qe,cay found are closer to each

other in the pseudo-second-order kinetic model. According to these results, it can be said that phosphate

adsorption with activated carbon obtained by ZnCl, activation of walnut shell was a second order

adsorption process.

Table 3. Kinetic model constants of phosphate adsorption

pseudo first order kinetic model

pseudo second order kinetic model

Co(mg/L) Oeexp  Qecal kq R? Qe,exp Qe,cal k1 R?
10 1.92 2.60 0.054 0.95 1.92 2.16 0.029 0.99
20 3.90 2.70 0.055 0.96 3.90 4.15 0.023 0.99
30 592 8.51 0.066 0.97 5.92 6.20 0.005 0.98

As a result of adsorption experiments carried out with different initial concentrations, adsorbent was

filtered out of the solution and the pollutants in the structure of activated carbon was examined with

SEM images. SEM images of activated carbons after adsorption are given in Figure 10. From the figure,

it was observed that pollutants are holding onto the pores.
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Figure 10. SEM images of activated carbons after adsorpion
Thermodynamics of Adsorption

To learn about the thermodynamics of the system, the thermodynamic parameters of enthalpy
(AHO), entropy (ASP) and Gibbs free energy (AG®) were calculated according to the following equations
[32].

K - 12

%/, (12)
AS®  AH

In KC = R " FT (13)

AG’® = —RTInK, (14)

Studies were carried out at temperatures of 298,308 and 318 K with an initial concentration of 20 mg/L,
under optimum conditions (pH 6.5; 0.5 g adsorbent amount, 150 rpm mixing speed and 150 min contact

time). The measurement results were evaluated based on gibbs free energy exchange principle.

Table 4. Thermodynamic parameters of phosphate adsorption

T(K) K AG® (ki/mol) AHO (k3/mol) AS® (3/mol K)
298 156 111 1.56 0.00898
308 275 -2.59 1.68 0.01389
318 3.23 -3.10 1.75 0.01526

According to Table 4; negative AG° values indicate that adsorption of phosphate on activated carbon is
a spontaneous type of adsorption and occurs without any external energy [45]; [46]. The positive entropy
values (AS? indicate that irregularity increases on the solution-adsorbent interface during the adsorption
process and shows the strong interest of carbons in phosphate molecules [47];[48]. The fact that the
standard enthopaed change value(AH? is positive indicates that adsorption is endothermic [46]. The
results of the study were compared with the literature based on the adsorbent used and/or the pollutant
removed (Table 5).
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Table 5. Comparison of study results with literature
Experimental

Adsorbent Type Pollutant Conditions Removal References
. Co=5 mg/L 93%

Alunite Phosphate Co=200 mg/L 5306 [8]
Calcium and
magnesium- Fe/CaCOs-PVA 1:1 98.5%
modified iron- " NOSPhAe  pcacl-PVA 1:1 93% [49]
based adsorbent
Al-intercalated

. . Al-ABn 96.4%
Eud acjuvated Phosphate Al-ABN-AB 93% [50]

entonite
Rice husk and Phosphate  pH 6.0, 3g/L adsorbent 95.85% [51]
fruit juice residue
Modifying walnut  Anionic dye t=180 min, 0.5 g/L 99.6% [52]
shell adsorbent
Walnut Shell Phosphate ~ Co=20 mg/L, t=120 min 96% This study
Conclusion

In this study, activated carbon was obtained from walnut shell by chemical activation and then used for
phosphate adsorption. The physical and chemical properties of the produced activated carbon were
investigated. The iodine number, moisture and ash contents were determined as 449 mg/g, 1.81% and
1.03%, respectively. The optimum conditions of process were initial solution pH of 6.5, 0.5 g adsorbent
amount, 150 rpm agitation speed, 120 min reaction time and 25°C temperature. The maximum adsorbent
capacity was obtained as 7.61 mg/g. The suitability of the data was examined with respect to the
adsorption isotherms of Langmuir, Freundlich, Temkin and Dubinin-Radushkevich. According to the
results, the data was suitable for the Langmuir isotherm model with R-squared of 0.97. The second order
kinetic model was evaluated as suitable for WSAC in the kinetic studies conducted with different initial
concentrations. According to the thermodynamic studies, the adsorption of phosphate on the WSAC was
spontaneous, endothermic in nature and also the randomness at solid /liquid interface increased with
increasing temperature. This study is a good practice for the evaluation of walnut shells, which is a large
amount of agricultural waste in Turkey. Synthesized activated carbon is environmentally friendly. As a
result, it may be concluded that the activated carbon obtained from walnut shell can be an effective

adsorbent for phosphate removal.
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Oz

Bu arastirmada, genellikle akvaryumculukta, siklikla da pamuk ve elyaf
gibi tiriinlerin boyanmasinda kullanilan toksik ve kanserojen bir boyar
madde olan malahit yesilinin atik sulardan Siirt/Ko¢pinar kili kullanilarak
uzaklastirilmasi incelenmistir. Calismamizin ilk agsamasinda adsorbent
herhangi bir modifiyeye maruz birakilmadan (K1) gerekli ¢alismalarda
kullanilmis, ardindan ayni islemler nitrik asit ile modifiye edilen adsorbent
(K2) ile tekrar edilmistir. Calismada baslangi¢ pH’1min (2.0 — 8.0 araligy),
adsorbent miktarinin (0.05 g - 1 g aralig1), derisimin (50 ppm - 150 ppm
aralig1), sicakligi (298 K - 323 K aralig1) ve temas siiresinin (0 dk. - 120
dk. araligi) etkinligi de arastirilmis ve elde edilen veriler Langmuir,
Freundlich, D-R izoterm modellerine uygulanmistir. Calisma sonucunda
en iyi verim pH 5 baslangi¢ degeri ile 0.2 g adsorbent kullanilarak yapilan
calismalarda elde edilmis ve ¢alisma neticesinde de K1 adsorbenti i¢in
%63.05, K2 adsorbentin de %91.99 giderim saglanmistir. izoterm
hesaplamalar1 sonucunda Freundlich izoterm modeline ait korelasyon
katsayisi tiim sicakliklarda 0.98’den biiyiikk bulunmustur. D-R izoterm
modeli yardimiyla hesaplanan D-R adsorpsiyon serbest enerjisi ise her iki
kil ve tim sicakliklar i¢in 8 kJ/mol degerinden kiigiik bulunmustur.
Termodinamik hesaplamalar yardimiyla bulunan Gibbs serbest enerji
degerlerinin negatif olmasi, adsorpsiyon isleminin kendiliginden meydana
geldigini gostermistir.

Anahtar Kelimeler: Adsorpsiyon, izoterm, karakterizasyon, malahit
yesili, termodinamik
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Abstract

In this research, the removal of malachite green, which is a toxic and
carcinogenic dyestuff, which is often used in aquaria and in the dyeing of
products such as cotton and fiber, from wastewater by using
Siirt/Kogpinar clay was investigated. In the first stage of our study, the
adsorbent was used without any modification (K1) in the necessary
studies, then the same processes were repeated with the nitric acid
modified adsorbent (K2). In the study, initial pH (2.0 — 8.0 range),
adsorbent amount (0.05 g - 1 g range), concentration (50 ppm - 150 ppm
range), temperature (298 K - 323 K range) and contact time (0 min. - 120
min interval) was also investigated and the data obtained were applied to
Langmuir, Freundlich, DR isotherm models. As a result of the study, the
best efficiency was obtained in the studies using 0.2 g adsorbent with the
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initial value of pH 5, and as a result of the study, 63.05% for K1 adsorbent
and 91.99% removal for K2 adsorbent were achieved. As a result of
isotherm calculations, the correlation coefficient of the Freundlich
isotherm model was found to be greater than 0.98 at all temperatures. The
D-R adsorption free energy calculated with the help of the D-R isotherm
model was found to be less than 8 kJ/mol for both clays and all
temperatures. The negative Gibbs free energy values found as a result of
thermodynamic calculations showed that the adsorption process occurred
spontaneously.

Keywords: Adsorption, 1sotherm, characterization, malachite green,
thermodynamics

Giris

Canlilarin su olmadan yasamlarini devam ettirmeleri imkéansiz olmasina ragmen [1], hayati 6neme sahip
icme sularinin her gecen giin daha fazla kirletilmesi biiyiik bir problem olarak karsimizda durmaktadir.
Bu durum tathi su kaynaklariin da zamanla azalmasiyla, insanlar1 temiz ve igilebilir su bulma yolunda
yeni arayiglara yonlendirmistir. Arayislar neticesinde bilim insanlari, kirli sularin, 6zellikle endiistriyel
atik sularimin aritilmasinin iyi bir segenek olarak degerlendirilebilecegini gérmiislerdir ¢iinkii 6nceki
yiizyilda diinya genelinde kisi basina diisen yillik su miktarmin %5.71°lik kismim sadece endiistriyel
atik sular1 olusturmaktaydi [2]. Boyar maddeler; endiistride kumas, pamuk ya da elyaf gibi malzemeleri
renklendirmek amaciyla oldukga sik kullanilan, sentetik veya organik maddelerdir [3]. Diinyada her yil
yaklagik 7x10* ton boyar maddenin iiretildigi [4] ve bunun da neredeyse %54’liik kisminin tekstil
endiistrisinde kullanildig1 tahmin edilmektedir [5]. Bu miktarin da %15-20’1ik gibi 6nemli bir kism1 atik
sulara aktarilmaktadir [4]. Katyonik boyar madde grubunda yer alan malahit yesili (MY), endiistride
boyama islemlerinde olduk¢a fazla kullamilmakla [6] beraber baliklarda fungusit olarak da tercih
edilmektedir. Fakat bu boyar maddenin, mikroorganizmalar tarafindan zor pargalaniyor olmasi, sucul
ve karasal canlilar igin toksik 6zellik gostermesi [7], baz1 ¢alismalarda kanserojen etki gostermesi [8]
nedeniyle atik sulardan uzaklastirilmasi elzemdir. Uzaklastirilma islemlerinde birgok yontem
kullanilmakla beraber bilim insanlar1 maliyet agisindan diger yontemlere gore daha fazla avantaj
saglayan adsorpsiyonu [9] tercih etmektedirler. Adsorpsiyon; pomza [10], sediment [11], aktif karbon
[12], kil [13] gibi gozenekli yapilarin, ¢ozeltideki kirleticileri uzaklagtirmak amaciyla kullanilan etkili
bir yontemdir. Bu ¢alismamizda adsorbent olarak Siirt iline bagli Kogpinar kdyiinden temin edilen kil
kullanilmistir. MY ’nin uzaklastirillmasi amaciyla oncelikle orijinal kil (K1, modifikasyona tabi
tutulmamus) tizerinde ¢alisilmig, ardindan ayn1 islemler HNOj3 ile aktive edilen (K2, modifikasyona tabi
tutulmus) kil kullanilarak tekrar edilmistir. Islem boyunca diger parametreler sabit tutularak; pH,

adsorbent miktari, temas siiresi ve derisimin adsorpsiyon prosesi tizerindeki etkisi arastirilmistir.
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Deneysel Calisma
Kimyasallar

Calismada kullanilan malahit yesili (Cs;HsaN4O12) boyar maddesi, hidroklorik asit (HCI), sodyum
hidroksit (NaOH), nitrik asit (HNOs) Sigma — Aldrich firmasindan temin edildi. Kullanilan kimyasallar

ve sorbentler analitik saflikta oldugundan deneysel calismalarda saflagtirilmadan kullanilmistir.
Karakterizasyonda Kullanmilan Cihazlar

K1 ve K2 adsorbentlerinin fizikokimyasal 6zellikleri, literatiirde [14] bildirilen yontemler kullanilarak
belirlendi. K1 ve K2 adsorbentlerinin yapisindaki fonksiyonel gruplarin tayin edilmesi amaciyla fourier
doniisiimlii kizildtesi (FTIR) spektroskopisi (500 — 4500 cm™ araligi) kullanildi. Yiizeylerin morfolojisi
taramali elektron mikroskobu (SEM, Zeiss) cihazi ile belirlendi. Yiizey alant 6l¢limii, Brunauer—
Emmett-Teller (BET, Nova 2200e Quantachrome Instruments) cihazinda gerceklestirildi. Cozeltide
kalan maddenin derisimi UV-Vis. spektrofotometresi (Pg instruments, T80+ i¢in Amax=617 nm'lik)

kullanilarak belirlendi. Santrifiij islemlerinde Niive Nf 200 marka cihaz kullanildu.
Deneylerde Kullanilan Cihazlar

pH metre (Selecta, pH-2005 pH meter), 1sitmali su banyosu (Julabo, Model ED), manyetik karistirict
(Thermo Scientific, Telesystem 15.07 with Telemodul 15).

Dogal Adsorban ve Ozellikleri

Adsorpsiyon islemlerinde kullanilan dogal kil, Siirt iline baghh Kogpinar kdyiiniin 3 km dogusunda
yiizeyden yaklasik 10 cm altindan (adsorbentin kontaminasyonunu bertaraf etmek adina) alinmis ve
bilesimlerinin belirlenmesi amaciyla X-Isin1 Fraksiyonu (XRF) analizi yapilmistir. XRF verileri
incelendiginde adsorpsiyon isleminde kullandigimiz dogal adsorbentin saf olmadigi farkli kil
mineralleri igerdigi gorilmistiir. XRF analizi sonucunda dogal adsorbentini meydana getiren
mineraller; kalsit, dolomit, kuvars, plajiyoklas, mika minerali, illit, kolorit, koalinit, paligorskit oldugu

goriilmiigtiir. XRF analizi sonucu Tablo 1’de verilmistir.

Tablo 1. Dogal Siirt/Ko¢pmnar adsorbentinin XRF analizi (Bilesenlerin % degerleri)
A.Za AOs CaO Fex0O3 K:0O MgO MnO Na.O P20s SiO2 TiO2

27.00 6.3 31.7 3.7 1.2 4.9 0.1 0.2 0.1 24.0 0.6

K1 Adsorbentinin Hazirlanmasi

Dogal kilden 10 g, 6ncelikle safsizliklarin giderilmesi i¢in 1.7 L distile su ile 12 saat 150 rpm ¢alkalama
hizinda yikandi. Ardindan s1v1 ve kati faz birbirinden ayrilincaya kadar oda sicakliginda bekletildi. Kat1

ve sivi faz birbirinden ayrildiktan sonra siiziilen kil, bir hafta boyunca oda sicakliginda kurumaya
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birakildi. Kurutma isleminden sonra numuneler desikatorde, kullanima hazirlanmak amaciyla sakland:

[15].

K2 Adsorbentinin Hazirlanmasi

Asit ile aktivasyon iglemi, geri sogutucuya birakilan 50 g K1 adsorbenti iizerine 5 N ve 250 mL HNOs
konulmak suretiyle 105 °C sicaklikta 3 saat siire boyunca kaynatilarak yapilmistir. Aktivasyondan sonra
kil, distile su ile son pH degeri yaklasik 6.80 oluncaya kadar yikanmistir. 20 defa tekrar edilen yikama
isleminden sonra kilde asit kalmadig1 anlagilmis ve kurutma islemine gecilmistir. Kurutma islemi, 60
‘C’de 48 saat siireyle yapilmistir. Topaklanmanin giderilmesi igin havanda déviilen kil, 235 mesh

elekten gegirilmistir [16].
Deneysel Calismalarimin Yapilmasi

Adsorpsiyon ¢alismasinda, MY boyar maddesinin ortamdan uzaklastirilmasi i¢in ¢esitli parametrelerin

(pH, derisim, sicaklik, adsorbent miktar1 ve temas siiresi) etkinligi incelenmistir.
Temas Siiresinin Adsorpsiyona Etkisinin Belirlenmesi

Denge siiresinin hesaplanmasi, izoterm ve termodinamik hesaplamalarin yapilmasi i¢in oldukga biiyiik
bir 6nem arz etmektedir. Bu amagla 100 ppm derisim ve 250 mL hacimlerde iki adet MY ¢ozeltisi
hazirlanarak su banyosuna birakilmistir. Cozeltiler sabit ¢alkalama hizinda (400 rpm) denge sicakligina
(30 °C) ulasincaya kadar bekletilmistir. Sicaklik dengeye ulastiktan sonra ¢ozeltilerden birine 0.5 g K1,
digerine ise 0.5 g K2 adsorbenti ilave edilmistir. ilave isleminden sonra karistirma siiresi boyunca
¢Ozeltiden 0, 1, 3, 5, 7, 10, 15, 25, 35, 45, 60, 75, 90, 120. dakikalarda 1.5 mL numune aliarak 2000
rpm’de 3 dakika siire ile santrifiij edilmistir. Ardindan bu numuneler UV-Vis. spektrofotometre

cihazinda 617 nm dalga boyunda okunmustur.
Adsorbent Miktarimmin Adsorpsiyona Etkisinin Belirlenmesi

Adsorbent miktarinin adsorpsiyona etkisini gézlemleyebilmek amaciyla; 0.05 g, 0.1 g, 0.2 g, 0.4 g, 0.6
g, 0.8 g ve 1 gkiitleli yedi adet numune tartilmigtir. Ardindan 100 ppm derigsim ve 100 mL hacimlerde
hazirlanan yedi ayr1 ¢6zelti, sabit calkalama hizinda (400 rpm) denge sicakligina (30 0°C) ulasincaya
kadar bekletilmistir. Sicaklik dengeye ulastiktan sonra her bir ¢ozeltiye tartilan killer birakilarak denge
zamaninda ¢ozeltilerden 1.5 mL’lik numuneler alinmistir. Bu numuneler daha sonra 2000 rpm’de 3
dakika siire ile santrifiij edilmistir. Santrifiij sonrasinda numuneler UV-Vis. spektrofotometre cihazinda

617 nm dalga boyunda okunmustur. Boylece ¢ozeltide kalan derisim (Ce) hesaplanmustir.
Baslangi¢c pH’mmin Adsorpsiyona Etkisinin Belirlenmesi

pH’1n adsorpsiyon tizerindeki etkisini aragtirmak i¢in, baslangic pH degerleri 2, 3, 4, 5, 6, 7, 8 olacak
sekilde 100 ppm derisim ve 100 mL hacminde yedi ayr1 ¢ozelti hazirlanmistir. Her bir ¢ozelti i¢in 0.2 g
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kilin kullanildig1 ¢aligsma sirasinda ¢ozeltiler sabit sicaklik (30 °C) ve ¢alkalama hizi (400 rpm) altinda

denge stiresine (60 dk.) kadar bekletilmistir. Belirlenen siire sonunda her bir ¢dzeltiden 1.5 mL'lik
numuneler alinarak 2000 rpm’de 3 dakika boyunca santrifiij edilmistir. Son olarak bu numuneler UV-
Vis. spektrofotometre cihazinda 617 nm dalga boyunda okunarak c¢ozeltide kalan derisim (Ce)

hesaplanmustir.
Derisim ve Sicakli@in Adsorpsiyona Etkisinin Belirlenmesi

Derisimin, K1 ve K2 adsorbentleri iizerindeki etkinligini belirlemek icin 100 mL hacimlerde ve 50 ppm,
80 ppm, 100 ppm, 120 ppm ve 150 ppm derisimlerde bes adet ¢6zelti hazirlanmustir. Cozeltiler oncelikle
298 K sicaklikta, sabit karistirma hizi (400 rpm) ve dozda (0.2 g) denge siiresine (60 dk.) kadar
bekletilmistir. Cozeltinin dengeye ulastig1 sirada ortamdan 1.5 mL’lik numune alinarak 2000 rpm’de 3
dakika boyunca santrifiij edilmis ardindan santrifiij edilen numuneler UV-Vis. spektrofotometre
cihazinda 617 nm dalga boyunda okunmustur boylece ¢ozeltide kalan derisim (Ce) hesaplanmistir. Ayni
islemler 303 K, 313 K ve 323 K sicakliklari i¢in de tekrar edilmistir. Calisma sonunda yiizde adsorplanan
miktar, denge aninda birim ylizeyde tutunan madde miktari (qe) ve birim zamanda birim yiizeyde tutunan

madde miktar1 (q;) asagidaki formiiller kullanilarak hesaplanmistir [11], [17].

% ads. = w (1)

g = C=Ca @
Ci— Ct)*V

o= E=0 3)

Burada; Ci: baglangi¢ boyar madde derigimini (ppm), Ce: adsorpsiyon islemi sonrasinda ¢ozeltide kalan

boyar madde derisimini (ppm), V: ¢6zeltinin hacmini (L), m: adsorbentin kiitlesini (g) ifade etmektedir.
Bulgular ve Tartisma

K1 ve K2 Killerinin Karakterizasyonu

BET Analizi

K1 ve K2 kilerinin yiizey alanlar1 azot gaz1 (N2) ortaminda BET yontemi ile belirlenmis, hesaplama
sonucunda, K1 igin spesifik yiizey alani1 33.026 m?/g olarak bulunmustur. Bu deger K2 adsorbenti i¢in
ise 147.957 m?/g olarak hesaplanmigtir. Bu artis, asit aktivasyonu sonucunda kilin yapisinda bulunan
karbonat gruplarinin karbondioksit olarak uzaklagmasinin ardindan meydana gelen yeni gézeneklerden
kaynaklanmaktadir. Sekil 1 ve Sekil 2’de verilen adsorpsiyon ve desorpsiyon grafiklerine baktigimizda
ise adsorbent izotermlerinin tip 3 izoterm tipine uydugu gérmekteyiz ayrica killerin gdzenek hacimleri
hakkinda bilgilerin verildigi Tablo 2 yardimiyla mikro gézenek hacmi ve mikro gdzenek alaninin
yaklasik olarak 7, dis yiizey alaninin ise yaklasik 4 kattan fazla arttig1 ifade edilebilir. Bununla beraber

toplam gozenek hacminde artisin meydana geldigi hesaplama neticesinde ortalama gézenek ¢apinin ise
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azaldig1 goriilmiistiir. Killerin ortalama gozenek caplarmin 20 A’dan biiyiik olmalar1 ise bizlere

adsorbentlerin mezo gdzenek yapili adsorbentler olduklarini gostermistir.

70
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B0 . Adsorpsiyon
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Sekil 1. K1 adsorbentinin adsorpsiyon ve desorpsiyon izoterm grafigi
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Sekil 2. K2 adsorbentinin adsorpsiyon ve desorpsiyon izoterm grafigi

Tablo 2. K1 ve K2 adsorbentlerine ait BET analizleri

K1 K2
Mikro gozenek hacmi (cc/g) 0.002 0.014
Mikro gozenek alam (m?/g) 4.275 29.637
Das yiizey alam (m?/g) 28.751 118.321
Toplam gozenek hacmi (cc/g) 9.575e-02 3.844e-01
Ortalama gozenek yarigap: (A) 5.7980e+01 5.1960e+01

FTIR Analizi

K1 ve K2 adsorbentlerine ait FTIR grafiklerinin verildigi Sekil 3 ve Sekil 4’e baktigimiz zaman 3026

cm'deki pikin genis ve yayvan olmasi onun karakteristik OH grubuna ait oldugunu gosterir. CO2’ye ait
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atmosferik pikse 2307 cm™'de goriilmektedir. Kil iginde adsorbe edilen su molekiillerine ait pikse 1611

cm™'dedir. Kalsit titresimine ait pik 1416 cm™’de goriiliirken, Si-O’ya ait pikse 1128 cm™ bandinda
goriilmiistiir. A1-OH-AI, 970 cm™ bolgesinde deformasyon titresimini gosterdi. 760 cm™ ve 696 cm™*'de
sirasiyla farkli Si-O ve Si-O-Al titresimlerine sahip kuvars tepe noktalari tespit edildi. Ayrica adsorbent
yapisinda bulunan kuaterner amonyum tuzunun organik zincirinden CH; gruplarinin sirasiyla simetrik
ve asimetrik uzamasina karsilik gelen 2940 ve 2857 cm™ bolgelerinde bantlar gozlendi. K1
malzemesinin FTIR spektrumunda kalsit titresimlerine ait pikler K2 spektrumunda kaybolmustur.
Bunun sebebi K1 malzemesinin HNO3 ile muamelesi sonucunda malzemedeki karbonatlarin pargalanip
CO; olarak ayrilmasindan kaynaklanmaktadir. Ayrica elde edilen bulgular karsilastirildiginda K1 kilinin
K2 kiline nazaran daha nemli oldugu anlagilmaktadir. Elde edilen pikler literatiire uygundur [18], [19].
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Sekil 3. K1 adsorbentine ait FTIR grafigi
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Sekil 4. K2 adsorbentine ait FTIR grafigi
SEM Analizi

K1 ve K2 killerinin adsorpsiyon oncesi ve sonrasina ait SEM gorintiileri Sekil 5°de verilmistir.
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.....

Lo R e . w2l
Sekil 5. K1 ve K2 killerine ait SEM gériintiisii (a. K1 adsorbenti, b. MY ile muamele edilmis K1
adsorbenti, c. K2 adsorbenti, d. MY ile muamele edilmis K2 adsorbenti)

Adsorpsiyon dncesinde, heterojen bir karakterde olan ylizeyin kismen kiiresel gozeneklere, kismen de
silindirik ve kompakt olugumlara sahip oldugu belirtilebilir. Adsorpsiyon sonrasinda ise, gozeneklerin
uzaklastirilan madde ile kaplandig1 ve dolayisiyla heterojenligin kismen kaybolarak homojen bir yiizey

ozelligine dogru degisim gosterdigi ifade edilebilir.
Adsorpsiyon Calismalar
Temas Siiresinin MY Adsorpsiyonu Uzerindeki Etkisi

K1 ve K2 adsorbentleri i¢in adsorpsiyona temas siiresinin (0, 1, 3, 5, 7, 10, 15, 25, 35, 45, 60, 75, 90 ve
120 dk.) etkisi Sekil 6’da gosterilmistir.

® K1 adsorbenti ® K2 adsorbenti
125

% adsorpsiyon

Zaman (dk)

Sekil 6. K1 ve K2 adsorbentleri i¢in adsorpsiyona temas siiresinin etkisi (T: 303 K, m: 0.5 g, V: 0.25
L, dogal pH)

Grafige bakildig1 zaman K1 adsorbentinin yiizeyine baslangicta hizli bir sekilde madde tutunmasinin

oldugunu fakat zamanla bu hizin azaldigini ve yaklasik 25. dakikadan sonra ise bu tutunmanin yatay bir
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pozisyon seyrettigini gériiyoruz. Ayni durum K2 adsorbenti i¢in de gecerli olmaktadir. Bu yatay izlenim

60. dakikaya kadar hafif bir ylikselme gostermesine ragmen bu dakikadan sonra kayda deger bir yiikselis
goriilmemistir. Bunun nedeni adsorbentlerin sahip oldugu gozeneklerin zamanla hizli bir sekilde

dolmasi ve belirli bir siire sonunda doyuma ulasmasidir [20].
Adsorbent Miktarinin MY Adsorpsiyonu Uzerindeki Etkisi

Adsorbentlerin adsorpsiyonuna adsorbent miktarinin etkisini gosteren grafik, Sekil 7°de verilmistir.

® K1 adsorbenti ® K2 adsorbenti

75

50

25

% adsorpsiyon

0,2 0,4 0,6 0,8 1

Adsorbent miktar (g)

Sekil 7. K1 ve K2 adsorbentleri igin adsorpsiyona adsorbent miktarimin etkisi (T: 303 K, V: 0.25 L,
dogal pH)
Baslangicta adsorbent miktarinin artmasi, adsorpsiyon miktarinin da artmasina neden olmaktadir fakat
bu yiikselis siirekli degildir ¢iinkii bir noktadan sonra ¢ozeltideki adsorbentlerin iist iiste yigilmalarindan
kaynaklanan durum gozeneklerin daha fazla madde almasina engel olmaktadir [21]. Bu durum literatiir

calismalari [21], [22] ile uygunluk gostermektedir.
Baslangic pH’mmin MY Adsorpsiyonu Uzerindeki Etkisi

Sekil 8’de gosterilen baglangi¢ pH’1inin MY boyar maddesinin uzaklastirilmasindaki etkisine bakildigi
zaman hem K1 hem de K2 adsorbentleri igin pH 5’te en yiiksek giderimin saglandig1 goriilmektedir.

® K1 adsorbenti ® K2 adsorbenti

100 o
=
F=3 75
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[ S0
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[
= 25
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o — t t t t t t
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Sekil 8. pH'in MY boyar maddesinin uzaklastiriimasi tizerindeki etkisi (Ci: 100 ppm, m: 0.2 g, V: 0.1
L, T: 303K)

pH 5’ten biiylik ortamlarda adsorpsiyonun azalmasi, muhtemelen ortamda bulunan OH" iyonunun fazla

bulunmas1 ve boyarmaddenin katyonik olmasimndan kaynaklandigi disiiniilmektedir. Bazik pH

ortamlarinda OH" iyon fazlalig1 katyonik bir boyarmadde olan MY ile kompleks olusturup adsorpsiyonu

azalttign gibi daha disiik pH degerlerinde adsorbentin negatif yiik bolgeleri azalmasiyla birlikte

yilizeydeki pozitif yiikk bolgelerinin artmasi katyonik yapidaki boyar maddenin elektrostatik itme
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sonucunda daha az adsorpsiyona ugramasina neden olmustur. Bu durum pH 5 degerinden daha diisiik

ve daha yiiksek ortamlarda adsorpsiyonun azalmasina neden oldugu sdylenebilir [23-25].
Derisimin MY Adsorpsiyonu Uzerindeki Etkisi

Derisimin MY boyar maddesinin adsorpsiyonu iizerindeki etkisini gosteren grafik Sekil 9’da
gosterilmistir. Boyar madde derisimi arttikga hem K1 hem de K2 adsorbentlerinin MY adsorpsiyon
yiizdesi azalmaktadir. Bu durum diger tiim sicakliklar (298 K, 313 K, 323 K) i¢in de aynidir. Bunun
nedeni derisim arttikca killerin ylizeyinde tutunma kapasitesinin azalmasi ve verimin buna oranla
azalmasidir. Benzer durum [26-28] ¢alismalarinda da elde edilmistir. Bununla beraber K2 adsorbentinin

adsorpsiyon yiizdesi tiim derisimler i¢in K1 adsorbentinden daha fazladir.

® K1 adsorbenti ® K2 adsorbenti
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Sekil 9. K1 ve K2 killerinin tizerine MY boyar maddesinin derisim etkisi (pH: 5, m: 0.2 g, V: 0.1 L, T:
303 K)

izoterm Hesaplamalar

Denge aninda adsorbent yiizeyinde tutunan MY derisimi ile ¢ozeltide kalan MY derigimi arasindaki
iliskiyi belirlemek amaciyla veriler, Langmuir, Freundlich ve D-R izoterm modellerine uygulandi.
Izoterm hesaplamalarinda Tablo 3’de verilen bagimtilar kullanilmstir. Tabloda; Kv: Langmuir sabitini
(L/mg), Ce: denge aninda ¢ozeltide kalan maddenin derisimini (ppm), gm: Langmuir sabitini (mg/g), Ce:
denge aminda ¢ozeltide kalan maddenin derisimini (ppm), R: Ideal gaz sabitini (8.314 j/mol.K), T:
sicakhigi (K), D: D-R izoterm sabitini (mol?/kJ?), €: Polanyi potansiyelini, E: D-R adsorpsiyon serbest
enerjisini (kJ/mol) ifade etmektedir. Tablo 3’te verilen bagintilar1 kullanilarak hesaplanan izoterm

verileri Tablo 4’te gdsterilmistir.

Tablo 3. Hesaplamada kullanilan izoterm bagintilar

izoterm modeli  Lineer bagint: Grafik Sabitler Esitlik  Ref.
. Co( 1 Ce Ce Ki: Egim/Kesme noktasi
== + = —=vsC . ’
Langmuir 2 (KLqm) (qm) 2 e O (Egim) * 4 [17]
. _ 1 logge vs Kr : exp(Kesme noktast),
Freundlich logq. = logKy +—logC, logC. n : (Bgim) * (5) [16]
D: -Egim
Inge = Ingm— De? )
- 2 Om: exp(Kesme noktasi)
D-R &= RTIn(1+2) Inge vs ¢ S © 9]
Ce -7
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Tablo 4. K1 ve K2 adsorbentleri tizerine MY boyar maddesi adsorpsiyonu sonucunda hesaplanan
izoterm verileri (pH: 5, V: 0.1L, m: 0.2 Q)

K1 adsorbenti K2 adsorbenti

298 K 303 K 313K 323 K 298 K 303 K 313K 323 K

K, 0.026 0.034 0.060 0.081 0.172 0.268 0.425 0.651
Langmuir  qm 130.655 117.166  91.146 85.246 118.893  101.530  95.592 86.934

R? 0.948 0.950 0.947 0.945 0.979 0.965 0.990 0.986

n 1.427 1.508 1.820 1.999 1.630 1.938 2.064 2.435

1/n 0.700 0.663 0.550 0.500 0.614 0.516 0.484 0.411
Freundlich

Kt 5.457 6.409 9.379 11.557 19.914 24.440 29.702 34.308

R2 0.995 0.992 0.986 0.987 0.985 0.996 0.996 0.997

gm 53131 53.183 51.545 51.118 63.093 58.570 60.589 59.127

E 0.234 0.258 0.337 0.426 0.905 1.285 1577 2.082
D-R

D 9.120 7.467 4.396 2.750 0.609 0.302 0.201 0.115

R? 0.894 0.893 0.873 0.845 0.913 0.836 0.879 0.860

K1 ve K2 killeri i¢in adsorpsiyon izoterm hesaplamalarinda modelin uygunlugunu gosteren korelasyon
katsayis1 (R?), Freundlich izoterm modelinde tiim sicakliklarda 0.98’den biiyiik bulunmustur. Bu
nedenle adsorpsiyon isleminin Freundlich izoterm modeline daha fazla uydugu sdylenebilir. Bu durum
bizlere adsorpsiyon isleminde tutunmanin ¢ok tabakali oldugunu ve bu tutunmanin adsorbentin her
yerinde ayni olmadigini1 gostermektedir. Freundlich izoterm sabitleri olan n ve 1/n degerlerinin sirasiyla
1-10 ve 0-1 arasinda olmasi ¢alismamizin Freundlich izoterm modeline uygunlugunu gostermesi
acisindan ayrica 6nemlidir [29]. Son olarak D-R izoterm modelinde hesaplanan E degerlerinin tim
sicaklik ve killerde 8 kj/mol’dan kiigiik olmasi adsorpsiyonun fiziksel adsorpsiyon oldugunu

gostermistir [30].
Termodinamik Hesaplamalar

Adsorpsiyon igleminin enerji degisimini gozlemlemek amaciyla termodinamik hesaplamalar da
yapilmistir. Burada AG® (kJ/mol), AH® (kJ/mol) ve AS° (kJ/mol.K) degerlerinin bilinmesi adsorpsiyonun
isleyisi hakkinda bize fikir verir. AG® Gibbs serbest enerji olarak bilinir. Bu degerin negatif olmasi
islemin kendiliginden meydana geldigini gostermektedir. Bir sicakliktaki AG® degerini hesaplamak igin

K¢ degerinin hesaplanmasi gerekir [31].
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K= Z— (7)

Esitlik 7 kullanilarak hesaplanan Kc, 8 numarali bagintida yerine yazilarak AG° hesaplanabilmektedir.
AG° = -RTInK (8)

InKc = [%}% C))

Son olarak esitlik 9 bagintisinda, InKc degerinin 1/T degerine kars1 grafige gecirilmesiyle (Van't Hoff

Esitligi) olusan dogrunun egimi AH®’1 ve kesisim noktas1 da AS®'yi verecektir.

Esitlik 7, esitlik 8 ve esitlik 9 yardimu ile hesaplanan termodinamik parametreler Tablo 5’te verilmistir.

Tablo 5. K1 ve K2 adsorbentleri iizerine MY boyar maddesi adsorpsiyonu icin hesaplanan
termodinamik parametreler (pH: 5, V: 0.1 L, m: 0.2 g)

K1 adsorbenti K2 adsorbenti
Derisim, T (K) AG®, AH®, AS°, AG®, AH®, AS°,
ppm KJ/mol KJ/mol KJ/mol.K KJ/mol KJ/mol KJ/mol.K
298 -2.7190 -6.9465
303 -3.0012 -7.9760
50 21.0717 0.0797 35.1342 0.1419
313 -3.6882 -8.7881
323 -4.3324 -9.8222
298 -2.3888 -6.5793
303 -2.6047 -6.6972
80 14.1117 0.0554 25.0485 0.1058
313 -3.1010 -7.7567
323 -3.4626 -8.3914
298 -2.0547 -5.9313
303 -2.3217 -6.2793
100 7.3793 0.0319 20.5524 0.0890
313 -2.4374 -7.1637
323 -2.6828 -7.4525
298 -1.7771 -5.9933
303 -1.8618 -6.1080
120 5.1458 0.0232 14.7013 0.0693
313 -1.9374 -6.7567
323 -2.2010 -7.0559
298 -1.7328 -5.2641
303 -1.8442 -5.4167
150 4.9870 0.0226 9.9988 0.0513
313 -1.9162 -5.9140
323 -2.1485 -5.9817

K1 ve K2 killeri lizerine MY boyar maddesi adsorpsiyonu i¢in hesaplanan termodinamik verilere
bakildig1 zaman tiim derigimler i¢in AG® degerleri negatif olarak bulunmustur. Bu durum adsorpsiyon

isleminin kendiliginden meydana geldigini gostermektedir. Bununla beraber AH® degerlerinin pozitif
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olmasi prosesin endotermik oldugunu, AS° degerlerinin pozitif olmasi ise diizensizligin arttigin

gostermektedir [32]
Sonuclar

MY boyar maddesinin K1 ve K2 adsorbentleri lizerindeki etkisi dort farkli sicaklik (298 K, 303 K, 313
K ve 323 K), bes farkli derigim (50, 80, 100, 120, 150 ppm), 0.1 g - 1 g arasinda degisen farkl1 adsorbent
miktar1 ve yedi farkli baglangi¢ pH degerinde (2, 3, 4, 5, 6, 7, 8) arastirtlmistir. MY boyar maddesinin
adsorbentler iizerindeki adsorpsiyonu zamanin fonksiyonu olarak degerlendirildiginde, adsorplanan
boyar madde miktarinin sabit degere ulagmasi i¢in gegen siire denge siiresidir ve yapilan deneylerde
adsorpsiyonun yaklagik 60 dakika gibi bir siirede dengeye ulastigi tespit edilmistir. K1 ve K2
adsorbentlerinin mikro ve mezo gdzenek alanlarinin BET yontemi ile hesaplandigi analizlerde bu
degerler K1 adsorbenti icin sirasiyla 4.275 m?/g, 28.751 m?/g olarak bulunmusken, K2 adsorbenti i¢in
strastyla 29.637 m?/g, 118.321 m*g olarak bulunmustur. Adsorbent miktar1 ile MY boyar maddesinin
adsorpsiyonu arasindaki iligkiyi belirlemek i¢in yaptigimiz calisma neticesinde 0.2 g K1 adsorbent
miktari ile %63.05 oraninda giderim saglanirken, bu oran ayn1 miktar K2 adsorbentinde 9%91.99 olarak
hesaplanmistir. pH calismasi, MY boyar maddesinin uzaklastirilmasinda arastirdigimiz diger bir
yontemdir. Islem sonucunda hem K2 hem de K2 adsorbentlerinde en iyi giderimin pH 5°de yapilan
calisma neticesinde elde edildigi goriilmiistiir. Zamanin sabit tutularak, sicaklik ve derigim arasindaki
iligkiyi anlamamiza yardimci olan izoterm ¢aligmalar1 sonucunda her iki adsorbent i¢in adsorpsiyon
isleminin Freundlich izoterm modeli uydugu goriilmiistiir. Freundlich izoterm modeline ait hesaplanan
n degerlerinin 1-10 arasinda olmasi ve 1/n degerlerinin 0-1 arasinda olmasi istenen durumdur.
Calismamizin verilerinin istenen degerlere uyum saglanmasi adsorpsiyon islemlerimizin Freundlich
modeline uydugunu gosteren baska bir yontemdir. Bu durum adsorpsiyon iglemlerimizin heterojen bir
ylizeyde meydana geldigini ve tutunmanin ise ¢ok tabakali oldugu kabulii ile acgiklanmaktadir.
Termodinamik verilerin hesaplanmasi sonucunda hesaplanan tiim AG degerlerinin negatif olmasi ise
adsorpsiyonun kendiliginden meydana geldigini gostermektedir. Ayrica bulunan tim AH degerleri
pozitiftir. Bu durum calismamizin 1s1 alan (endotermik) oldugunu gostermektedir. AS degerlerinin
pozitif olmas1 adsorpsiyonun entropisinin arttigin1 gostermekle beraber boyar madde derisimi arttikca

entropi onceki derisime gore daha az artig gdstermektedir.

Tesekkiir Bu arastirma makalesi “Baz1 Boyar Maddelerin Dogal ve Modifiye Edilmis Kil Minerali
Kogpmar/Siirt Uzerindeki Adsorpsiyonunun izoterm Kinetik ve Termodinamik Analizi” isimli tez
calismasindan derlenmistir. YYU Bilimsel Arastirma Projeleri Baskanlig: tarafindan FDK-2018-7334
No’lu proje olarak desteklenmistir. Desteklerinden dolayi ilgili kuruma tesekkiir ederiz.

Fon/Finansman bilgileri Bu ¢alisma YYU Bilimsel Arastirma Projeleri Baskanlig1 tarafindan FDK-
2018-7334 No’lu proje olarak desteklenmistir.
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Etik Kurul Onay: ve Izinler Calisma, etik kurul izni ve herhangi bir 6zel izin gerektirmemektedir.

Cikar catismalary/Catisan ¢ikarlar Yazarlar ¢ikar ¢atigmasi olmadigini beyan eder.

Yazarlarin Katkisi Tim yazarlar, bu ¢alismanin planlanmasina, yiiriitilmesine veya analizine yazar
olarak dahil edilmek {izere yeterince katkida bulunmustur. Tiim yazarlar makalenin son halini okumus

ve onaylamugtir.
Kaynaklar

[1] Atasoy, N., Mercanc Y., Komiiroglu, A. U., Alacabey, I., & Kul, A.R. (2011). Levels of heavy metals
and certain macro elements in potable and tap water at Van city center. Hacettepe Journal of Biology
and Chemistry, 39(4), 391-396.

[2] Kaftan, A. (2010). Entegre et tesislerinde atik suyun yeniden kullanimi. Ankara Universitesi
Cevrebilimleri Dergisi, 2(1), 81-88. https://doi.org/ 10.1501/Csaum_0000000027

[3] Karadag, R. (2001). Dogal boyamacilikta kullanilan boyarmadde kaynaklar1 ve mordan
maddelerinin  boyamaya  etkisi. Oneri  Dergisi,  4(16), 145-150.  https://doi.org/
10.14783/maruoneri.728223

[4] Onal, Y., & Tantekin, T. (2018). Aktif karbon, kil ve zeolit ile Malatya tekstil fabrikalarinda
kullanilan tekstil boyalarinin adsorpsiyonu. Dicle Universitesi Miihendislik Fakiiltesi Miihendislik
Dergisi, 9(2), 837-847.

[5] Oyar, B. (2020). Elektrokoagiilasyon Yontemi Kullanilarak Atik Sulardan Boyarmadde Gideriminin
Arastirilmast. (Tez no. 639357) [Doktora Tezi, Sakarya Universitesi].

[6] Belibagh, P. & Uysal, Y. (2020). Atik yumurta kabuklarindan sentezlenen hidroksiapatitler ile
sulardan malahit yesil giderimi. Kahramanmaras Siit¢ii Imam Universitesi Miihendislik Bilimleri
Dergisi, 23(3), 141-152. https://doi.org/ 10.17780/ksujes. 753116

[7] Tanyol, M. (2017). Malahit yesili igeren atiksularin fenton oksidasyon prosesi ile renk gideriminde
isletme parametrelerinin optimizasyonu. Firat Universitesi Miihendislik Bilimleri Dergisi, 29(1), 183-
191.

[8] Srivastava, S., Sinha, R., & Roy, S. (2004). Toxicological effects of malachite green, Aquatic
Toxicology, 66(3), 319-329.

[9] Kul, A. R., & Koyuncu, H. (2010). Adsorption of Pb(Il) ions from aqueous solution by native and
activated bentonite: Kinetic, equilibrium and thermodynamic study. Journal of Hazardous Materials,
179(1), 332-339.

[10] Elik, H., Kul, A. R., & Benek, V. (2019). Van pomzasi lizerinde kursun iyonunun adsorpsiyon
kinetigi. Erciyes Universitesi Fen Bilimleri Enstitiisii Fen Bilimleri Dergisi, 35(2), 26-31.

[11] Alacabey, 1., Kul, A. R., Ece, S., & Alkan, H. (2020). Van G&lii dogal sediment ve modifiye
sediment iizerine krom (III) adsorpsiyonu (izoterm ve termodinamik analiz g¢aligmasi). Dicle
Universitesi Miihendislik ~Fakiiltesi Miihendislik Dergisi, 11(3), 1225-1232. https://doi.org/
10.24012/dumf.731216

[12] Depci, T., Alkan, S., Kul, A. R., Onal, Y., Alacabey, I., & Disli, E. (2011). Characteristic properties
of adsorbed catalase onto activated carbon based adiyaman lignite. Fresenius Environmental Bulletin,
20, 2371-2378.

54



Kul ve Benek Sinop Uni J Nat Sci 7(1): 41-56 (2022)
ISSN: 2536-4383
[13] Kausar, A., Javed, A., Aftab, K., Nazli, Z., Bhatti, H., & Nouren, S. (2018). Dyes adsorption using

clay and modified clay: A review. Journal of Molecular Liquids, 256. https://doi.org/
10.1016/j.molliq.2018.02.034

[14] Kul, A., Depci, T., Alacabey, I., Alkan, S., & Onal, Y. (2011). Equilibrium, kinetic and
thermodynamic studies of nickel adsorption onto natural and modified kaolinites. Fresenius
Environmental Bulletin, 20, 1155-1166.

[15] Alacabey, 1. (2006). Bazi Agir metallerin (Kobalt, Krom, Kadmiyum) Dogal ve Aktive Edilmis
Caldiran Diatomiti (Caldiran/Van) Uzerindeki Adsorpsiyon Denge Calismalari. (Tez no. 182669)
[Yiiksek Lisans Tezi, Van Yiiziincii Y1l Universitesi].

[16] Alacabey, 1. (2014). Dogal ve Aktive Edilmis Van Gélii Sediment (Dip Camuru) Orneklerinin Baz
Agwr Metallerle Adsorspsiyonunun Izoterm ve Termodinamik Analizi. (Tez no. 390572) [Doktora Tezi,
Van Yiiziincii Y11 Universitesi].

[17] Behnamfard, A., & Salarirad, M. M. (2009). Equilibrium and kinetic studies on free cyanide
adsorption from aqueous solution by activated carbon. Journal of Hazardous Materials, 170, 127-133.
https://doi.org/ 10.1016/j.jhazmat.2009.04.124

[18] Ece, M. S. (2021). Synthesis and characterization of activated carbon supported magnetic
nanoparticles (Fe O4/AC@SiO @Sulfanilamide) and its application in removal of toluene and benzene.
Colloids and Surfaces A: Physicochemical and Engineering Aspects, 617, Article 126231.
https://doi.org/ 10.1016/j.colsurfa.2021.126231

[19] Rezende, J. C. T., Ramos, V. H. S., Oliveira, H., Oliveira, R., & De Jesus, E. (2018). Removal of
Cr (VI) from aqueous solutions using clay from calumbi geological formation, N. Sra. Socorro, SE State,
Brazil. Materials Science Forum, 912, 1-6. https://doi.org/10.4028/www.scientific.net/MSF.912.1

[20] Caliskan, N., Kul, A. R., Alkan, S., Gékirmak S. E., & Alacabey, 1. (2011). Adsorption of Zinc(II)
on diatomite and manganese-oxide-modified diatomite: A kinetic and equilibrium study. Journal of
Hazardous Materials, 193, 27-36. https://doi.org/10.1016/j.jhazmat.2011.06.058

[21] Padmavathy, K. S., Madhu, G., Haseena, P. V. (2016). A study on effects of pH, adsorbent dosage,
time, initial concentration and adsorption isotherm study for the removal of hexavalent chromium (Cr
(VD)) from wastewater by magnetite nanoparticles. Procedia Technology, 24, 585-594.
https://doi.org/10.1016/j.protcy.2016.05.127

[22] Oter, C. (2021). Kromun zencefil tozu iizerine adsorpsiyon ile atik sulardan uzaklastiriimasi. Diizce
Universitesi Bilim ve Teknoloji Dergisi, 9(1), 480-492. https://doi.org/ 10.29130/dubited.800876

[23] Ceyhan, A., Baytar, O., Giingér, A., Sayginli, E., & Celal, S. (2013). Formaldehit ile modifiye
edilmis igde cekirdegi kullanilarak sulu g¢ozeltilerden malahit yesilinin uzaklastirilmasi. Selcuk
Universitesi Miihendislik, Bilim ve Teknoloji Dergisi, 1(2), 1-8.

[24] Celebi, H. (2020). Dogal kabak cekirdegi kabugunun bor adsorpsiyon kapasitesi. Bitlis Eren
Universitesi Fen Bilimleri Dergisi, 9(4), 1698-1710. https://doi.org/10.17798/bitlisfen.667331

[25] Senol, Z. M. (2020). Kitosan-vermikiilit kompoziti kullanilarak sulu ¢ozeltiden etkin kursun
giderimi: denge, kinetik ve termodinamik ¢alismalar. Akademik Platform Miihendislik ve Fen Bilimleri
Dergisi, 8(1), 15-21. https://doi.org/10.21541/apjes.531737

55



Kul ve Benek Sinop Uni J Nat Sci 7(1): 41-56 (2022)

‘ ISSN: 2536-4383
[26] Demir, B., & Kalpakli, Y. (2020). Islem géormemis Kiitahya Ca-bentonitinin bazik mavi 41 (BB41)
adsorpsiyon karakteristiginin incelenmesi. Journal of the Institute of Science and Technology, 10(1),
309-319. https://doi.org/10.21597/jist.556691

[27] Giirkan, E. H., & Coruh, S. (2017). Atik dokiim kumu ile katyonik boyarmaddelerin adsorpsiyon
caligmalari. Celal  Bayar University ~ Journal  of  Science, 13(2), 515-521.
https://doi.org/10.18466/cbayarfbe.319947

[28] Kopag, T., & Sulu, E. (2019). Bazik Kirmiz1 46 tekstil boyasinin Zonguldak kémiiriinden elde
edilen farkli aktif karbonlar {izerinde adsorpsiyon davranisinin karsilastirilmasi. Gazi Universitesi
Miihendislik Mimarlik Fakiiltesi Dergisi, 34(3), 1227-1240. https://doi.org/10.17341/gazimmfd.460518

[29] Ekinci, S. & Ilter, Z. (2021). Sulu ¢dzeltiden alizarin saris1 boyarmaddesinin nanoadsorbent (MNPs-
G1-Mu) vasitastyla adsorpsiyon ozelliklerinin belirlenmesi. Batman Universitesi Yasam Bilimleri
Dergisi, 11(1), 27-42. Retrieved from https://dergipark.org.tr/tr/pub/buyasambid/issue/63446/915311.

[30] Kirkan, B., & Bekaroglu, M. (2019). Modifiye edilmis pomza kullanilarak sulu ortamlardan
adsorpsiyon prosesi ile arsenat (V) giderimi. Siileyman Demirel Universitesi Fen Bilimleri Enstitiisii
Dergisi, 23(2), 356-366. https://doi.org/10.19113/sdufenbed.467165

[31] Lacin, O., Haghighatnia, A., Demir, F., Sevim, F., & Lagin, O. (2019). Adsorption characteristics
and behaviors of natural red clay for removal of BY28 from aqueous solutions. International Journal of
Trend in Scientific Research and Development, 3, 1037-1047. https://doi.org/10.31142/ijtsrd21544.

[32] Cigekgi, A., Donmez, B., Kaver, E., & Lagin, O. (2020). Malahit yesilinin seftali ¢ekirdegi kabugu
iizerine adsorpsiyon izotermi ve termodinamigi. Sinop Universitesi Fen Bilimleri Dergisi, 5(2), 103-
111. https://doi.org/10.33484/sinopfbd.701059

56



Sinopfbd, 2022; 7(1): 57-70

https://doi.org/10.33484/sinopfbd.1069649

Sinop Universitesi Fen Bilimleri Dergisi ISSN: 2536-4383

Sinop Uni J Nat Sci E-ISSN: 2564-4383

https://dergipark.org.tr/tr/pub/sinopfbd

Siilfanilamit iceren Maleik Asit ile Aminopiridin Tiirevlerinin Proton
Tuzlarmin Sentezi ve Karakterizasyonu

Halil ILKIMENY"™ ve Cengiz YENIKAYA?

How to cite: Ilkimen, H., & Yenikaya, C. (2022). Siilfanilamit iceren maleik asit ile aminopiridin tiirevlerinin
proton tuzlarmin sentezi ve Kkarakterizasyonu. Sinop Universitesi Fen Bilimleri Dergisi, 7(1), 57-70.
https://doi.org/10.33484/sinopfbd.1069649

Arastirma Makalesi

Sorumlu Yazar
Halil ILKIMEN
halil.ilkimen@dpu.edu.tr

Yazarlara ait ORCID
H.i: 0000-0003-1747-159X
C.Y: 0000-0002-5867-9146

Received: 09.02.2022
Accepted: 22.04.2022

Oz

Bu ¢alismada 6nce literatiirde bulunan yontemle maleik anhidrit (mal) ile
stilfanilamitin (sa) tepkimesinden siilfanilamit i¢ceren maleik asit olan (E)-
3-(4-stlfamoilfenilkarbamoil) akrilik asit (1) sentezlenmistir. Daha sonra
1 ile 2-amino-6-metilpiridin (2), 2-amino-5-metilpiridin (3), 2-amino-4-
metilpiridin (4) ve 3-aminopiridin (5) tepkimesinden proton transfer
tuzlar1 (6-9) elde edilmistir. Elde edilen tuzlarin yapilari, elementel analiz,
'H ve 3C Niikleer Manyetik Rezonans Spektroskopisi (NMR), Fourier
Doniisimlii Kizilotesi Spektroskopisi (FT-IR) ve yiik denkligi ile
onerilmistir. Bu analiz sonuglarina gore tuzlarda asit:baz orani 1:1 olarak
bulunmustur. Bu ¢alismada, suda ¢6ziilebilen ve farkl aktivite dzellikleri
gosterebilecek kimyasal madde sentezi hedeflenmistir.

Anahtar Kelimeler: (E)-3-(4-siilfamoilfenilkarbamoil) akrilik asit,
Aminopiridinler, Proton Transfer Tuzu

Synthesis and Characterization of Proton Salts of Sulfanilamide Containing Maleic
Acid and Aminopyridine Derivatives
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Universitesi, Fen-Edebiyat
Fakiiltesi Kimya Bolimii,

Kiitahya, Tiirkiye
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License ile lisanslanmistir

Abstract

In this study, maleic acid containing sulfanilamide (E)-3-(4-
sulfamoylphenylcarbamoyl) acrylic acid (1) was synthesized from the
reaction of maleic anhydride (mal) and sulfanilamide (sa) with the method
found in the literature. Then, proton transfer salts (6-9) were obtained. The
structures of the obtained salts were suggested by elemental analysis, *H
and ®C Nuclear Magnetic Resonance Spectroscopy (NMR), Fourier
Transform Infrared Spectroscopy (FT- IR) and charge balance. According
to the results of this analysis, the acid:base ratio of salts was found to be
1:1. In this study, it was aimed to synthesize chemical substances that can
be dissolved in water and have different activity properties.

Keywords: (E)-3-(4-sulfamoylphenylcarbamoyl)  acrylic  acid,
Aminopyridines, Proton Transfer Salt

Giris

Proton transfer tepkimeleri, enzim katalizi ve asit-baz tepkimelerinde gozlenir [1]. Proton transfer

tuzunun sentezinde asitin protonu, baz tarafindan transfer edilerek (+) ve (-) yiiklerin bir arada

bulundugu yapilardan elde edilen kompleksler suda ¢oziinebilmektedir [2]. Bu ¢alismanin asidik

bileseni olan (E)-3-(4-stilfamoilfenilkarbamoil) akrilik asit tiirevleri literatiirde siilfamoilaril tiirevleri ile
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maleik anhidritin reaksiyonundan sentezlenmektedir [3-24]. Bu bilesiklerin karbonik anhidraz enzimi

inhibisyonu [6, 7, 22], antimalaryal aktivite [18], antibakteriyel aktiviteleri [14, 15, 23] calisilmistir. (E)-
3-(4-stilfamoilfenilkarbamoil)akrilik asitin Co(ll) [24], Fe(ll) [25, 26] ve Cu(ll) [23] metal
kompleksleri, 2-aminopiridin ile benzimidazoliin tuzu ve Cu(ll) [23], Ni(Il) ve Zn(11) [25] kompleksleri

sentezlenip yapilar1 aydinlatilmigtir. Bu ¢alismanin bazik bileseni olan aminopiridin tiirevleri, antiviral,
antiparazitik, antibakteriyel, antikonviilsan, antihistaminik, antifungal, antiinflamatuar, antidiyabetik,
analjezik ve anti-alzheimer gibi bilinen biyolojik aktiviteye sahiptirler [27]. Giiniimiizde hastaliklara
kars1 aktivite gdzlenen bilesiklerin sentezi insan saglig1 agisindan énemlidir. Insan saghigi i¢in dliimciil
olabilen hastaliklarin ortadan kaldirilabilmesi i¢in yeni etkili ve ucuz yollardan elde edilebilen
kimyasallara ihtiya¢ vardir. Bu c¢alismada elde edilen tuzlar1 olusturan bilesiklerin farkli aktive sahip
oldugu bilinmektedir. Elde edilen bilesiklerinde bu aktiviteye sahip olacagi agikardir. Bu ¢aligmada, (E)-
3-(4-stlfamoilfenilkarbamoil) akrilik asit (1) literatiirde bulunan yontem ile maleik anhidrit (mal) ile
stilfanilamitin (sa) tepkimesinden elde edilmistir [19]. Daha sonra 1 ile aminopiridin tiirevi {2-amino-
6-metilpiridin (2), 2-amino-5-metilpiridin (3), 2-amino-4-metilpiridin (4) ve 3-aminopiridin (5)}
tepkimesinden proton transfer tuzlari (6-9) sentezlenmistir. Amorf halde elde edilen tuzlarin yapilari
elementel analiz, *H ve °C NMR, IR ve yiik denkligi ile énerilmistir Bu analiz sonuglarina gére tuzlarda

asit:baz orani 1:1 olarak bulunmustur.
Materyal ve Metot

Bu calismada kullanilan kimyasal maddeler Sigma Aldrich firmasindan temin edilmistir. FT-IR
calismalari, Kiitahya Dumlupinar Universitesi, Fen-Edebiyat Fakiiltesi, Fizik Boliimiinde bulunan
BRUKER OPTICS VERTEX 70 cihazi ile KBr kullanilarak yapilmistir. *H ve 3C NMR spektrumlari,
Anadolu Universitesi, Bitki Ila¢ ve Bilimsel Arastirma Merkezinde (AUBIBAM) bulunan 500 MHz
UltraShield NMR Spektrometrisi ile ds-DMSO ¢o6ziicii ortaminda alinmigtir.

Proton Transfer Tuzlarimin Sentezi

1 Bilesigi literatiirde bulunan yontemle sentezlenmistir [21]. 10 mmol 1 (2.70 g) ve 10 mmol
aminopiridin tiirevleri (1.0814 g 2-5) bilesikleri balonda 50 mL saf etanolde ¢oziildii. Bir giin
karigtirildiktan sonra ¢dken proton transfer tuzlari (6-9) siiziildii ve kurutuldu (Sekil 1). Sentezlenen

tuzlarin baz fiziksel 6zellikleri Tablo 1’de verilmistir.

Tablo 1. Elde edilen bilesiklerin bazi fiziksel ozellikleri

Bilesik Renk Mol Kiitlesi” Verim (%)
6 Beyaz 378.40 85
7 Beyaz 378.40 95
8 Beyaz 378.40 92
9 Beyaz 378.40 93

*Tahmini molekiil agirlig1 (g/mol)
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Sekil 1. Proton transfer tuzlarinin sentezi
Bulgular ve Tartisma
Elementel Analiz sonuclari

6-9 Bilesiklerinin elementel analiz sonuglart Tablo 2’de verilmistir. Sentezlenen tuzlarin deneysel
element miktarlari ile dnerilen yapilardaki teorik element miktarlar1 benzerdir. Bu sonuglara gore 1:2-5

oranlari 1:1 olarak goriilmektedir. Bu sonuglar diger spektroskopik ¢alismalari desteklemektedir.

Tablo 2. Tuzlarin elementel analiz sonu¢lar
% Deneysel (% Teorik)

Bilesik Kapal formiilii

C H N S

6 CisH1sNsOsS  50.75(50.78) 4.81(4.79) 14.82(14.81)  8.50(8.47)
7 CisH1sN4OsS  50.79(50.78) 4.80(4.79) 14.80(14.81)  8.51(8.47)
8 CisH1sN4OsS  50.78(50.78) 4.76(4.79) 14.85(14.81)  8.46(8.47)
9 CiH1sN4OsS  50.76(50.78) 4.75(4.79) 14.82(14.81)  8.48(8.47)

NMR Spektrumu Sonuglari
6 Tuzunun NMR Sonuclari

6 Proton transfer tuzunun (Sekil 1) DMSO-ds igerisinde alman 'H ve *C NMR kimyasal kayma
degerleri Tablo 3’te, spektrumlari Sekil 2 ve 3’te verilmistir.

6 Proton transfer tuzunun *H-NMR spektrumunda (Tablo 3); tuzun yapisinda bulunan alken protonlari
(-CH=CH-), 6.28 ppm (H?, Jus-1a = 12.00 Hz) ve 6.33 ppm’de (H?, 3Jna-ns = 12.00 Hz) 1H’lik doublet
pikler olarak gézlenmistir. Bu protonlarin Hz degerleri 12 olmasi yapinin trans pozisyonda oldugunu
gostermektedir [23]. Spekturumda 7.78 ppm de gozlenen 4H’lik singlet pik tuzun 1 kismindaki aromatik
protonlar1 (H8, H¥, H® ve H”), 11.84 ppm’de 1H’lik singlet pik amit protonu (H®) ve 7.28 ppm de 2H’lik

gozlenen singlet pik ise -SO,NH.’deki protonlarindan (H?) kaynaklanmaktadir. 2 Grubu protonlar ise;
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6.43 ppm 2H’lik doublet+ doublet pik (H*® ve HY| 3Jus pi7-16 = 6.80 Hz), 7.43 ppm’de 1H’lik triplet

pik (H®, 3Jn16-n1s,n17 = 7.60 Hz) ve 2.27 ppm’de 3H’lik singlet (H?°) olarak gézlenmistir. Yapida -NH-

Ilkimen ve Yenikaya

(H®) protonlar1 ise gézlenmemistir.

6 Bilesiginin *C NMR spektrumunda on dért tane karbon atomu gdziikmektedir (Tablo 3). 1 grubuna
ait sekiz adet karbon pikleri, 168.82 (C?), 127.52 (C?), 119.37 (C*) 164.65 (C®), 139.29 (C7), 131.51 (C®
ve C%), 133.86 (C° ve C”) ve 142.56 (C°) ppm’de gozlenirken, 2 grubuna ait alt1 adet karbon pikleri ise
158.31 (C'4), 140.56 (C*), 107.41 (C), 111.94 (C*"), 153.06 (C*8) ve 22.46 (C%?) ppm’de gozlenmistir.

Tablo 3. 6 Tuzunun *H ve **C NMR degerleri (ppm)
g

H
19N2

C I
HN6 7 1

15 14 / X\ 5

H (6]

S—NH,
0 ||11 12
(6]

16 / \N /4 O ; ?
13 - /2?23
17— 01
18\ 20
'H NMR BC NMR

H3 6.28 ppm (1H, d) [3Jns-Ha = 12.00 Hz] C? 168.82

H* 6.33 ppm (1H, d) [3Jha-ns = 12.20 Hz] (0% 127.52

H$ 11.84 ppm (1H, s) c* 119.37

H8, H¥, 7.78 ppm (4H, s) cs 164.65

H9, H9’

H1? 7.28 ppm (2H, s) c’ 139.29

H3 - C8 Cc¥ 131.51

Hls, HY 6.43 ppm (2H, d+d) [BJH15,H17.H16 =6.80 HZ] Cg, c” 133.86

H16 7.43 ppm (1H, t) [3\]H16-H15,H17 =7.60 HZ] Clo 142.56

HL° - cu 158.31

H20 2.27 ppm (3H, s) cw 140.56
cis 107.41
cv 111.94
c 150.34
c® 22.46

|
_,_,/"lt e jrl\k _ _,-'L‘l\un_r J,.“UL )
.
e Ele

Sekil 2. 6 Bilesiginin *H NMR sonuglar
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Sekil 3. 6 Bilesiginin *C NMR sonuglart

7 Tuzunun NMR Sonuclar
7 Proton transfer tuzunun (Sekil 1) DMSO-ds igerisinde alman 'H ve *C NMR kimyasal kayma

degerleri Tablo 4’te, spektrumlar Sekil 4 ve 5’te verilmistir.

Tablo 4. 7 Tuzunun *H ve **C NMR degerleri (ppm)
g o g

H, Il
19N HN S—NH,
15 14 o 5/6 7 10 (|)|11 12

]6/ N;.H /4 Y 8 9

13 - /%2 3
Y/t K
20
'H NMR BC NMR
H3 6.32 ppm (1H, d) [Plrzre = 12.00 HZ] c? 168.10
H* 6.36 ppm (1H, d) [3Jhs-n3 = 12.20 Hz] c? 127.20
He 11.54 ppm (1H, s) c* 119.32
H8, HY 7.77 ppm (4H, s) cs 164.65
HO, HY

H12
H - c’ 140.20
H1s 6.39 ppm (1H, d) [uis16 = 12.00 Hz] cs,Cc¥ 13187
H16 7.32 ppm (1H, dXd) [3\]H16-H18 =8.80 Hz, 4-]H16—18 =2.00 Cg, c” 132.87

Hz]

H18 7.73 ppm (1H, d) [4\]H18-H16 =1.60 HZ] cto 14491
H2 - cu 157.23
H2 2,50 ppm (3H, s) cw 142.56
cte 109.41
cv 119.32
ce 153.06
c2 17.39

7 Tuzunun 'H NMR spektrumunda (Tablo 4); tuzun yapisinda bulunan alken protonlari (-CH=CH-),
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6.32 ppm (H3, *Juz-na = 12.00 Hz) ve 6.36 ppm’de (H*, 3Juans = 12,00 Hz) 1H ik doublet pikler olarak

gozlenmistir. Bu protonlarin Hz degerleri 12 olmasi yapinin trans pozisyonda oldugunu gostermektedir
[23]. Spekturumda 7.77 ppm de gozlenen 6H’lik singlet pik tuzun 1 kismindaki aromatik protonlar (H®,
H¥, H® ve H”') ve -SO,NH, deki protonlar1 (H'?) ve 11.54 ppm’de 1H’lik singlet pik amit protonundan
(H®) kaynaklanmaktadir. 3 Grubu protonlar ise; 6.39 ppm (H", 3Juis.n16 = 12.00 Hz) ve 7.73 ppm’de
(H™, “Jis-m16 = 1.60 Hz) 1H ik doublet pikler, 7.32 ppm’de 1H’lik doublet-doublet pik (H'¢, 8.80 Hz,
T8 = 2.00 Hz) ve 2.50 ppm’de 3H’lik singlet pik (H?°) olarak gdzlenmistir. Yapida -NH, (H'?)
protonlari ise spektrumda gozlenmemistir.

7 Bilesiginin *C NMR spekturumunda on dort tane karbon atomu goziikmektedir (Tablo 4). 1 Grubuna
ait sekiz adet karbon pikleri, 168.10 (C2), 127.20 (C?), 119.32 (C%), 164.65 (C*), 140.20 (C7), 131.87 (C*
ve C*), 133.87 (C° ve C”") ve 144.91 (C'°) ppm’de gozlenirken, 3 grubuna ait alt1 adet karbon pikleri ise
157.23 (C*), 142.56 (C'9), 109.41 (C'9), 119.41 (C'7), 153.06 (C'®) ve 17.39 (C*°) ppm’de gézlenmistir.

T T
1 ppm

Ll \| ‘ |

T T T T T T T T
200 180 160 140 120 100 80 60 40 20 o Ppm

Sekil 5. 7 Bilesiginin **C NMR sonuclart
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8 Tuzunun NMR Sonuglar:

8 Proton transfer tuzunun (Sekil 1) DMSO-ds igerisinde alman 'H ve *C NMR kimyasal kayma
degerleri Tablo 5’te, spektrumlari Sekiller 6 ve 7°de verilmistir.

8 Tuzunun 'H NMR spektrumunda (Sekil 6, Tablo 5); tuzun yapisinda bulunan alken protonlari (-
CH=CH-), 6.30 ppm (H?, 3Jus-1a = 12.40 Hz) ve 6.33 ppm’de (H*, *Jns-ns = 12.40 Hz) 1H’lik doublet
pikler olarak gézlenmistir. Bu protonlarin Hz degerleri 12.40 olmasi yapinin trans pozisyonda oldugunu
gostermektedir [23]. Spekturumda 7.77 ppm de gozlenen 4H’lik singlet pik tuzun 1 kismindaki aromatik
protonlart (H8, H¥, H® ve H”"), 11.86 ppm’de 1H’lik singlet pik amit protonu (H®) ve 7.27 ppm de 2H’lik
gbzlenen singlet pik ise -SO,NH,’deki protonlardan (H*?) kaynaklanmaktadir. 4 Grubu protonlari ise;
6.39 ppm (H*, “ns-a7 = 0.80 Hz) ve 7.76 ppm’de (H8, 2Jnig.17 = 6.00 Hz) 1H ik doublet pikler, 6.43
ppm’de 1H’lik doublet-doublet pik (HY, 2Jn17-n1s = 5.60 Hz, *Jn17-n15 = 1.20 Hz) ve 2.18 ppm’de 3H ik
singlet pik (H%) olarak gdzlenmistir. Yapida -NH. (H'°) protonlar ise spektrumda gézlenmemistir.

8 Bilesiginin *C NMR spekturumunda on dort tane karbon atomu goziikmektedir (Sekil 7, Tablo 5). 1
Grubuna ait sekiz adet karbon pikleri, 168.28 (C?), 127.34 (C®), 119.73 (C*) 164.47 (C®), 139.11 (C"),
131.69 (C8ve C?), 133.68 (C° ve C*') ve 144.55 (C%) ppm’de gozlenirken, 4 grubuna ait alt1 adet karbon
pikleri ise 158.86 (C'*), 142.37 (C%), 109.59 (C), 114.12 (C'"), 150.34 (C*®) ve 21.56 (C%) ppm’de

gbzlenmistir.

Tablo 5. 8 Tuzunun 'H ve *C NMR degerleri (ppm)

8 9' 0
19H, I
N HN S—NH,
5 14 H o 5/6 7 10 ||11 12
20 / \ +// /4 8 9 0
N 0
16 13 /2?2 3
17 18
'H NMR 13C NMR
He 6.30 (1H, d) [{Jna.re = 12.40 Hz] C? 168.28
H¢ 6.33 (1H, d) [Phans = 12.40 Hz] c? 127.34
H® 11.86 (1H, s) c* 119.73
H8, H, 7.77 (4H,s) o 164.47
He, H”

HL2 7.27 (2H, 5) c’ 139.11
H13 - C8 c¥ 131.69
H1s 6.39 (1H, d) [“Jh1s.ru7 = 0.80 Hz] ce, c” 133.68
H17 6.43 (1H, dXd) [3\]H17—H18 =5.60 HZ, 4\]H17—H15 =1.20 HZ] Clo 144 .55
H18 7.76 (1H, d) [3\]H18-H17 =6.00 HZ] C14 158.86
H19 B Cls 142.37
H2 2.18 (3H, s) ce 109.59
cv 114.12
c8 150.34
c® 21.56
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Sekil 7. 8 Bilesiginin *H NMR sonuglar:

9 Tuzunun NMR Sonuclar

9 Proton transfer tuzunun (Sekil 1) DMSO-ds ¢oziiciisiinde alinan *H ve **C NMR kimyasal kayma
degerleri Tablo 6’da ve spektrumlart Sekiller 8 ve 9°da verilmistir.

9 Tuzunun 'H NMR spektrumunda (Sekil 8, Tablo 6); tuzun yapisinda bulunan alken protonlar1 (-
CH=CH-), 5.81 ppm (H3, 3Jus-na = 13.20 Hz) ve 6.22 ppm’de (H*, 3Jna-ns = 13.60 Hz) 1H’lik doublet
pikler olarak gézlenmistir. Bu protonlarin Hz degerleri 13 olmasi yapinin trans pozisyonda oldugunu
gostermektedir [23]. Spekturumda 7.77 ppm de gozlenen 4H’lik singlet pik tuzun 1 kismindaki aromatik
protonlart (H8, H¥, H® ve H"), 11.86 ppm’de 1H’lik singlet pik amit protonu (H®) ve 7.27 ppm de 2H’lik
gozlenen singlet pik ise -SO,NH’deki protonlardan (H*?) kaynaklanmaktadir. 5 Grubu protonlari ise;
8.65 ppm’de 1H’lik doublet pik (H*®, *Jn1s-t16 = 2.00 Hz), 8.57 ppm’de 1H’lik doublet-doublet pik (H?S,
8Jr16-17 = 4.80 Hz, “Jnae-ra = 1.60 Hz), 7.45 ppm’de 1H ik quartet-doublet pik (HY, 2Jn17-Hiem1s = 4.80
Hz, “Jr17-n15 = 0.80 Hz), 7.76 ppm’de1H ik doublet-triplet pik (H2, 3Juis-+17 = 7.60 Hz, *Juis-r16 = 2.40
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Hz) ve 3.38 ppm’de 2H’lik singlet pik (H®) olarak gozlenmistir. Yapida -NH, (H®) protonlar1 ise

Tlkimen ve Yenikaya

spektrumda gozlenmemistir.

9 Bilesiginin *C NMR spekturumunda on dort tane karbon atomu goziikmektedir (Sekil 9, Tablo 6). 1
Grubuna ait sekiz adet karbon pikleri, 169.00 (C?), 127.52 (C?), 127.52 (C*), 165.02 (C®), 137.30 (C7),
130.42 (C8, C%), 131.14 (C®, C”) ve 140.20 (C¥) ppm’de gozlenirken, 5 Grubuna ait alt1 adet karbon
pikleri ise 150.16 (C'#), 138.57 (C*%), 119.01 (C¢), 119.01 (C*"), 150.89 (C*8) ve 40.00 (C%) ppm’de

gozlenmistir.

Tablo 6. 9 Tuzunun *H ve *C NMR degerleri (ppm)

8 9' o
HN !—NHQ
o 5/6 7 10 ||11 12
/4 g o9 O
2 3 o
_ Ol
'H NMR 13C NMR
H3 5.81 (1H, d) [3JH3.H4 =13.20 HZ] C? 169.00
He 6.22 (1H, d) [PJnars = 13.60 Hz] c? 127.52
He 11.86 (1H, 5) c 127,52
He, He 7.77 (4H, ) cs 165.02
He, H”
H2 7.27 (2H, 5) c’ 137.30
H3 - C8, c¥ 130.42
H4 8.65 (1H, d) [*JH14-H16 = 2.00 Hz] ce,Cc” 131.14
H?16 8.57 (1H, d) [3JH16-H17 =4.80 HZ, 4JH15.H14 =1.60 HZ] Cclo 140.20
HY 7.45 (1H, gxd) [3Jn17-H1em1s = 4.80 HZ, 4n17.115 = 0.80  C1 150.16
Hz]

H18 7.76 (1H, dXt) [SJH18-H17 =7.60 HZ, 4JH13.H15 =240 HZ] Cc1 138.57
H - C16 119.01
H20 3.38 (2H, 5) cv 119.01

c8 150.89

C® 40.00

II'I lf,ll'lI Iﬂ_.'.
\ Y
o~ —

A\ AF LU L JL I 7
ek fR M
ffffff e B

i |‘ BN

T T T
-] 8 7

T T
1 ppm

Sekil 8. 9 Bilesiginin *H NMR spektrumu
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Sekil 9. 9 Bilesiginin *C NMR sonuglar

Tiim proton transfer tuzlarinda, 1’¢ ait -COOH hidrojeni (H') aminopiridin tiirevlerindeki N'* veya N'*’a
tersinir tepkimesine ugrayarak transfer oldugu diisiiniilmektedir. Bu nedenle tuzlarda H!, H'* veya H"
protonlar1 spektrumunda gézlenememistir. Proton transfer tuzlarinin FT-IR spektrumlarinda (Ekler 9-
12) H"” veya H'”’un varligi gozlenmistir. Sentezlenen tuzlarda 2-5 ve 1 birlesme orani 1:1 olarak

bulunmustur.
FT-IR Sonuglari

1-9 Bilesiklerinin FT-IR degerleri Tablo 7°de, elde edilen tuzlarin FT-IR spektrumlart Sekiller 10-13’te
verilmistir. Spektrumlarda tuzlarin yapilarin1 destekleyen bantlar mevcuttur.

Baslangi¢ maddeleri ve tuzlarinin FT-IR spektrumlarinda; 1’de 2900 ¢cm™ civarinda gozlenen v(O-H)
gerilmeleri, tuzlarda goziikmemektedir. v(N-H) gerilmeleri ise 1°de 3352, 3262 ve 3274 cm™, 2°de 3360
ve 3250 cm™, 3’te 3350 ve 3243 cm?, 4’te 3428 ve 3302 cm?, 5°de 3366 ve 3288 cm™, 6°da 3355 ve
3256 cm?, 7°de 3367 ve 3268 cm?, 8°de 3331 ve 3208 cm™” ve 9°da 3330 ve 3240 cm™’de gozlenmistir.
v(N*-H) titresim bantlar1 6°da 2672 ve 2510 cm™, 7°de 2684 ve 2576 cm™, 8°de 2758 ve 2548 cm™9°da
2676 ve 2531 cm’’de gozlenmistir. Bu bantlarin gdzlenmesi tuzlarda bazin protonlandigini
gostermektedir (Sekil 1) [28]. Karboksilat v(C=0) gerilmeleri 1’de 1695 cm™, 6°da 1680 cm?, 7°de
1670 cm™? (asit), 8’de 1670 cm™ ve 9°da 1698 cm™’de gozlenirken, amit v(C=0) gerilmeleri 1°de 1630
cm?, 6°da 1636 cm?, 7°de 1642 cm?, 8de 1644 cm™ ve 9’de 1639 cm™’de gdzlenmistir. Tiim
bilesiklerde, 3034-2765 ¢cm™ araliginda alken/alifatik v(C-H) gerilmeleri, 3129-3052 cm™ araliginda
aromatik v(C-H) gerilmeleri, 1686-1401 cm™ araliginda v(C=N) ve v(C=C) gerilmeleri, 809-739 cm™
araliginda piridin halkasindan kaynaklanan pikler (1 harig), 1397-1090 cm'* araliginda v(C-O) ve 1320-
1152 cm'? araliginda v(S=0) gerilmeleri (2-5 hari¢) gdzlenmistir.
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Tablo 7. Bilesiklerin bazi FT-IR bantlar (cm™)

1 2 3 4 5 6 7 8 9
v(OH) 2900 - - - - - - - -
v(NH)) 3352 3360 3350 3428 3366 3355 3367 3331 3330
3263 3250 3243 3302 3288 3256 3268 3208 3240
3212
v(NH)* - - - - - 2672 2684 2758 2676
2510 2576 2548 2531
V(C-H)ar 3068 3084 3083 3052 3086 3104 3076 3072 3129

v(C-H)ar. 3011 2985 2995 2983 2998 2985 2983 2961 3034
2944 2919 2919 2899 2910 2892 2936 2920 2897
2807 2850 2739 2837 2860 2820 2896 2089 2765

V(C=0)amit 1630 - - - - 1636 1642 1644 1639
V(C=0)asit 1695 - - - - 1681 1680 1670 1689
v(C=N) 1549 1610 1612 1686 1591 1606 1586 1610 1611
v(C=C) 1496 1585 1584 1601 1577 1579 1536 1587 1590

1468 1545 1539 1550 1480 1557 1489 1539 1553
1463 1533 1493 1497 1426 1494 1443 1491 1491

1425 1459 1467 1439 1478 1408 1447 1422
1401 1428 1418 1430 1405
v(C-0) 1397 - - - - 1373 1353 1351 1358
1264 1288 1264 1258 1265
1094 1090 1096 1096 1093
v(S=0) 1317 - - - - 1320 1322 1320 1306
1194 1213 1211 1214 1205
1153 1156 1152 1154 1150
v(py) - 797 809 778 783 725 753 754 739
£ e
Sekil 10. 6 Bilesiginin IR spektrumu Sekil 11. 7 Bilesiginin IR spektrumu
g 8
Sekil 12. 8 Bilesiginin IR spektrumu Sekil 13. 9 Bilesiginin IR spektrumu
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Sonuclar

Bu calismada oOnce literatiirde bulunan ydntemle maleik anhidrit (mal) ile siilfanilamitin (sa)
tepkimesinden siilfanilamit igeren maleik asit olan (E)-3-(4-siilfamoilfenilkarbamoil) akrilik asit (1)
sentezlenmistir. Daha sonra 1 ile 2-amino-6-metilpiridin (2), 2-amino-5-metilpiridin (3), 2-amino-4-
metilpiridin (4) ve 3-aminopiridin (5) tepkimesinden proton transfer tuzlari (6-9) elde edilmistir. Elde
edilen tuzlarin yapilari, elementel analiz, *H ve *C NMR, IR ve yiik denkligi ile 6nerilmistir. Elde edilen
maddeler su, etanol, DMSO, DMF’de ¢o6ziinmektedir. 1 ve tuzlarin (6-9) NMR spektrumlari
incelenerek, asit (1):baz (2-5) oranlart 1:1 olarak bulunmustur. Tuzlarin IR spektrumlarinda yapilari
destekleyen fonksiyonel gruplarin titresim bantlar1 mevcuttur. Sekil 1°de verilen proton transfer

tuzlarinin yapilari, yukarida tartisilan deneysel sonuglar1 dikkate alinarak onerilmistir.
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Bu calismada Kars ilinden elde edilen yerel kil kullanilarak metil
mavisinin adsorpsiyonu incelenmis ve Taguchi metodu (ortogonal Lg
tasarim matrisi) ile parametreler optimize edilmistir. Burada sicaklik (20-
25-30°C), boyar madde konsantrasyonu (80-120-160 mg/L) ve adsorbent
P miktar1 (0.04-0.08-0.12 g) adsorpsiyona etki eden parametreler olarak
secilmigtir. Calismada metil mavisinin %98.6’s1 kil {izerine adsorplanarak
giderilmistir. Bu giderimin saglandig1 optimum sartlar; sicakligin 20°C,
konsantrasyonun 80 mg/L ve adsorbent miktarmm 0.12 g oldugu

Sorumlu Yazar seviyelerdir. Parametrelerin etkisini gozlemlemek igin yapilan ANOVA
Erbil KAVCI analizinde en etkili parametrenin adsorbent miktarinin oldugu ardindan
erbilkavci@gmail.com konsantrasyonun geldigi, sicakligin ise etkisiz oldugu gérilmiistiir. Ayni
calisma birim adsorbent basma adsorplanan metil mavisi miktar

Yazara ait ORCID izerinden de optimize edilmistir. Burada ise sicakligim 20°C,
E.K: 0000-0001-6519-9901 konsantrasyonun 160 mg/L ve adsorbent miktarmmin 0.04 g oldugu

seviyeler optimum seviyeler olarak tespit edilmistir. ANOVA analizinden
. konsantrasyon ve adsorbent miktarinin adsorpsiyon iizerine etkilerinin
Received: 04.04.2022 birbirine yakin oldugu gboriilmiis, sicakligin ise adsorpsiyon iizerinde
Accepted: 21.06.2022 etkisiz oldugu gozlenmistir. Belirlenen optimum sartlar da yapilan
deneylerde birim adsorbent basina adsorplanan boyar madde miktari,

0=87.33 mg/g olarak hesaplanmustir.

Anahtar Kelimeler: Adsorpsiyon, metil mavisi, kil, Taguchi metodu,

ANOVA analizi
Removal of Methylene Blue Using A Cheap Adsorbent: Optimization ANOVA
Analysis
! Kafkas Url.iV?r-sitesi, Kimya Abstract
Miihendisligi Boliimi, ) ) . . .
Miihendislik Mimarlik Fakiiltesi, In this study, methylene blue adsorption was investigated using clay found
Kars, Tiirkiye locally in the Kars region. The temperature, dye concentration, and

amount of adsorbent that can affect the adsorption were optimized by the

Taguchi method. L9 orthogonal experimental design matrix was used in

the design. Here, temperature (20-25-30°C), the concentration of dye (80-

120-160 mg/L), and the amount of adsorbent (0.04-0.08-0.12 g) were

selected as parameters affecting adsorption. In the study, 98.6% of

methylene blue was removed. The optimum conditions for the removal of

methylene blue are the temperature of 20°C of the temperature, 80 mg/L

) of the concentration, and 0.12 g of the amount of adsorbent. From the

Bu ¢aligma Creative Commons  ANOVA analysis performed to observe the effect of the parameters, it was
Adttribution 4.0 International seen that the amount of adsorbent was the most effective parameter, then
License ile lisanslanmustir the concentration was effective and the temperature was ineffective. The
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same study was also optimized on the amount of methylene blue adsorbed
per unit adsorbent. The optimum levels of temperature, concentration, and
amount of adsorbent were determined as 20°C, 160 mg/L, and 0.04g,
respectively. According to ANOVA analysis, it was observed that the
concentration and amount of adsorbent had approximately the same effect,
while the temperature was ineffective on adsorption. In the experiments
carried out under optimum conditions, the value of qt=87.33 mg/g was
reached.

Keywords: Adsorption, methylene blue, clay, Taguchi method, ANOVA

Giris

Adsorpsiyon boyar maddelerin gideriminde gerek uygulamadaki kolayligi gerekse ucuzlugu dolayisiyla
hala etkili bir sekilde kullanilan yontemlerden biridir. Ozellikle kullanilan adsorbentin bol bulunmas1 ve
ucuz olmasi durumunda adsorpsiyon prosesleri olduk¢a verimli hale gelmektedir [1, 2]. Boyar
maddelerin gideriminde ¢ok kez tercih edilen bu metodun yani sira kuagiilasyon, iyon degisimi,
membran ayirma, fotokataliz v.s gibi yontemler de kullanilmaktadir [3]. Ancak her yontemin kendine
gore avantajlar1 ve dezavantajlart oldugundan, bu ayirma yontemlerinden herhangi biri beklentiler veya
eldeki sartlara gore tercih edilmektedir [4]. Boyar maddeler ise hemen hemen biitin endiistride
kullanilan renklendirici maddelerdir. Renklendirme igsleminde proses edilen boyar meddeler atik sularda
biiyiik miktarlarda bulunmaktadir [5]. Kimyasal yapilar1 ¢ok gesitli olan boyar maddeler bozunmaya
karst oldukga direnglidir. Bundan dolayi ¢evreye ve dogadaki canlilara ve insanlara zarar verirler [6, 7].
Dolayisiyla gevreye verilmeden once atik sulardan giderilmesi 6nemlidir. Bu boyar maddelerden en ¢ok
bilineni ¢aligmada da kullanilan Metil mavisi (MM)’dir. MM kimyadan biyolojiye bir¢ok alanda halen
kullanilmaktadir. Antiseptik olarak ya da iplik, kumas gibi malzemelerin boyanmasinda
kullanilmaktadir. Metil mavisi kusma, terleme, zihinsel sikintilar gibi ciddi rahatsizliklar1 ortaya
¢ikarmaktadir [8]. Adsorpsiyon ile boyar madde gideriminde prosesi etkileyen birgok etken vardir.
Bunlar arasinda konsantrasyon, adsorbent miktari, boyar maddenin baslangi¢ konsantrasyonu, sicaklik,
pH, karistirma hiz1 gibi faktorler gelmektedir [9, 10]. Bu faktorlerin etkisini degerlendirirken birgok
deney yapilmasi gerekir. Bir optimizasyon teknigi kullanildiginda ise yapilan deney sayis1 azalmaktadir.
Dolayisiyla daha az deney yaparak parametrelerin etkisi incelenebilir ve parametreler optimize
edilebilir. Bu optimizasyon metotlarindan biri de bu ¢alismada kullanilan Taguchi teknigidir. Taguchi
teknigi parametreleri tasarlayarak ve optimum seviyede planlayarak {iriin kalitesini artiran bir tekniktir
[11]. Bu teknikte elde edilen veriler Sinyal/Giiriiltii oranina doniistiiriilerek parametrelerin optimum
seviyeleri belirlenir [12, 13]. Mevcut ¢alismada sicaklik, baslangi¢ konsantrasyonu ve adsorbent miktar1
MM giderimini etkileyen en belirgin parametreler secilmistir. pH’ da 6nemli bir parametre olmasina
ragmen metil mavisinin gii¢lii bir katyonik boyar madde olmasindan dolay1 parametre dizayninda
kullanilmamigtir. Bu parametrelerin  optimum seviyeleri Taguchi deney tasarimi kullanilarak
bulunmustur. Daha sonra varyans analizi (ANOVA) yapilarak prosesi etkileyen parametrelerin 6nem

sirasi belirlenmistir.
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Materyal ve Metot
Adsorbent, Adsorbat ve Deneyin Yapilisi

Kil Kars ¢imento fabrikasindan temin edilmis, saf suyla yikanip 105 °C’ de bir giin boyunca kurutulup
sonra optimizasyon deneylerinde kullanilmistir. Kilin karakterizasyonu ile ilgili bilgiler (kimyasal
kompozisyonu, FT-IR (Bruker VERTEX 70V, 4000-400 cm?), BET, SEM (Zeiss Sigma 300,
¢oziniirliik: 1.2 nm (15kV)- 2.2 nm (1kV), maksimum tarama hizi: 100 ns/piksel, biiyiitme orani: 10x
—1.000.000x) [14]’de rapor edilmistir. Metil mavisinin (CAS:61-73-4, C.1:52015) molekiil agirligi 320
g/mol, kimyasal formiilii Ci6H1sCINsS, dalga boyu 665 nm’dir. Deney tasariminda belirlenen
konsantrasyonlarda MM ¢ozeltisi hazirlanmistir. Belli adsorbent miktarlar eklenerek sicaklik kontrollii
calkalayicilarda 180 rpm’de 1 saat deneyler gerceklestirilmistir. Adsorpsiyondan sonra numune 10 dk
5000 rpm’ de santrifiijlenmis, spektrofotometre (MAPADA — V1100D UV) yardimi ile MM

konsantrasyonlari (1) ve (2)’ den hesaplanmustir;

%Giderim = 2= x 100 (1)
Co—Cr)XV
g = om0 2

Burada qt birim adsorbent basina adsorplanan boyar madde miktari, Co, Ce Ve C; (mg/L) sirasiyla MM’
nin baglangigtaki konsantrasyonu ve denge anindaki ve herhangi bir andaki boyar madde

konsantrasyonu ve V ¢dzelti hacmi (L), m ise adsorbent miktaridir (g).
Deney Tasarim

Etkili bir istatistiksel analiz yapabilmek igin gerekli verileri toplayabilecegimiz, deneysel metotlari
diizenleyebilecegimiz deney tasarimlar1 gerekmektedir. Deney tasarimi ile nispeten az sayida deney
yaparak optimum kosullar1 belirleyecegimiz giliglii bir aragtir [15]. Taguchi metodu da yaygin olarak
kullanilan deney tasarimi metotlarindan biridir. Bu teknikte ilk olarak cevap degiskeni belirlenir, ikinci
adimda cevap degiskenini etkileyecek faktorler belirlenir ve sonraki adimda faktorlerin seviyelerinin
cevap degiskenine etkileri test edilir [16]. Daha sonra da faktorlerin optimum seviyeleri bulunur.
Ortogonal bir dizi ile tiim parametreler analiz edilmis olur. Bu ¢alismada giderim verimi ve adsorbent
basina en ¢ok giderim miktari incelendiginden Taguchi analiz metodunda “en bilyiik en iyi” karakteristik

hesaplamasi dikkate alinmustir [17]. Bu hesaplama (3)’de verilmistir;
1 1
S/ = =10log(; Tik132) ®)

yi, performans karakteristik degeri, n tekrar sayist ANOVA analizi ise faktorlerin gérece 6nemini tahmin
etmemizi saglar. ANOVA tablosunda serbestlik derecesi (SD), kareler toplami, varyans ve katkinin
yiizdesi goriiliir [18]. En yiiksek yiizdesel katkiya sahip olan faktor cevap degiskenini gbrece en ¢ok
etkileyen faktordiir [19]. P degeri ise sifir hipotezine karsi kanit1 temsil eden bir gostergedir. Yani P
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degeri 0.05’den kiigiik ise faktorler ile cevap degiskeni arasinda bir istatistiksel iligkinin var oldugu

sOylenir [20]. Caligmada ii¢ parametreli {i¢ seviyeli Ly ortogonal tasarim matrisi kullanilmistir. Bu
parametreler ve seviyeleri Tablo 1’de gosterilmistir. Tablo 2’de ise tasarim matrisi 1. ve 2. tekrar
deneylerine ait yilizdesel giderim ve q; degerleri verilmistir. Parametrelerin optimizasyonu ve ANOVA

analizleri “Minitab 20” program kullanilarak hesaplanmustir.

Tablo 1. Temel parametreler ve seviyeleri

Parametre Seviyeler

1 2 3
A. Sicaklik (°C) 20 25 30
B. Kons. (mg/L) 80 120 160
C. Ads.Miktari (g) 0.04 0.08 0.12

Bulgular ve Tartisma
Parametre Optimizasyonu ve ANOVA analizi

Tablo 2’deki degerler kullanilarak hem %Giderim hem de g: degerlerine gore optimum parametreler

belirlenmis ve Sekil 1’de gosterilmistir.

Tablo 2. Tasarim matrisi, %Giderim ve Q; degerleri

D(le\lnoey Sicakhk Konsan. 'I\A\/Icljli %Giderim %Giderim (mgt/g) (m(g;t/g)
1 1 1 1 51.67 62.43 51.67 62.43
2 1 2 2 70.17 81.80 52.63 61.35
3 1 3 3 84.94 87.65 56.63 58.43
4 2 1 2 93.66 93.66 46.83 46.83
5 2 2 3 95.54 96.85 47.77 48.42
6 2 3 1 43.19 41.47 86.39 82.94
7 3 1 3 98.40 98.51 32.80 32.83
8 3 2 1 48.22 55.02 72.34 82.54
9 3 3 2 74.07 75.41 74.07 75.41

Sekil 1’de parametrelerin seviyeleri incelendiginde sicaklik %Giderim verimi iizerine etkisinin olmadig
goriilmektedir. Ikinci degisken olan konsantrasyonun birinci seviyesi %Giderim i¢in optimum seviyedir.

Adsorbent miktarinin ise {iglincii seviyesi optimum seviyeleri olarak goriilmektedir.
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Sekil 1. %Giderim S/N oranlar: ana etkileri

Bu durumda sicaklik 20°C, konsantrasyon 80 mg/L, adsorbent miktar1 0.12 g olarak optimum seviyeler
secilmistir. Parametreler ve seviyeleri A1B1C3 seklinde kodlanarak ifade edilmistir. Tablo 3’te ise

parametrelerin etkinlik degerleri verilmistir.

Tablo 3. Parametrelerin etkinlik degerleri

Seviyeler A (Sicaklik) B (Baslangi¢ kons.) C (Ads. Miktari)
1 37.08 38.10 33.91
2 37.20 37.13 37.85
3 36.88 35.94 39.41

Tablo 4°de her bir parametrenin varyansini toplam varyans ile karsilastirarak %Giderim tlizerine ne kadar
etkili oldugunu gosteren ANOVA analizi verilmistir. %95 giiven araliginda kritik F degeri (Fo 0s;2;17)
=3.59 olarak okunmustur. Parametrelere ait F degerleri ile karsilagtirildiginda sicaklik i¢in F degerinin
(1.3) kritik F degerinden kiigiik oldugu gorilmektedir. Dolayisiyla adsorpsiyon iizerine etkisinin
olmadig1 sdylenebilir. Konsantrasyon F degeri 16.41 olarak hesaplanmistir. 3.59°dan biiyiik olmasindan
dolay1 konsantrasyon adsorpsiyon iizerinde etkilidir denir. Adsorbent miktar1 i¢in ise F degeri
139.95°dir. 3.59°dan biiyiik olmasinin yani sira en biiyiik F degerine sahiptir. Dolayisiyla F degeri en
biiyiik olan adsorbent miktar1 en biiyiik katkiyr yapmaktadir. P degerlerinin 0.5°den kiigiik olmas1

secilen parametrelerin istatistiksel olarak anlamli oldugunu gostermektedir.

Tablo 4. Metil mavisinin %Giderim icin ANOVA analizi

. Ortalama
Parametre Serbesth_k Kareler Kareler F degeri P
Derecesi Toplam
Toplam

Sicaklik 2 55.5 27.8 1.30 0.312
Konsantrasyon 2 702 301 16.41 0.000
Ads. Miktari 2 5987.4 2993.7 139.95 0.000
Hata 11 235.3 214

Toplam 17 6980.2
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Tablo 4’te incelendiginde ¢ikan bu sonuglardan %Giderim tizerine en biiyiik etkiyi adsorbent miktarinin

yaptig1 daha sonra ise metil mavisi konsantrasyonunun geldigi anlasilmaktadir. Bu durum sdyle
aciklanabilir. Yiizdesel olarak yiiksek bir verim igin diisiik konsantrasyon ve yiiksek adsorbent miktari
ile elde edilebilir. Konsantrasyon azaldikca boyar maddenin temas etkilesimde oldugu adsorbent
yiizeyindeki aktif siteler daha fazla olacak ve daha fazla boyar madde adsorplanacaktir [21]. Adsorbent
miktar1 arttikga hem yiizey alan1 hem de aktif sitelerin sayisi attig1 i¢cin daha fazla boyar madde
giderilecektir [22]. Eger daha fazla boyar maddenin miktar olarak adsorplanmasi istenirse optimizasyon
gt degerleri lizerinden bir daha incelenmelidir. Bu durum igin yapilan Taguchi analiziyle ilgili S/N

oranlarina ait gorsel Sekil 2’de verilmistir.

A B <
a7
35
=
=
= -
S 35|
=
e
34
33
1 2 El 1 E El 1 2 Et

Signal-to-noise:En baydak en iyi

Sekil 2. ; degerleriyle hesaplanan S/N oranlar: ana etkileri

Sekil 2’den optimum parametre seviyeleri A1B3Cl1 olarak goriilmektedir. Yani sicaklik 20°C,
konsantrasyon 160 mg/L, adsorbent miktar1 0.04 g “dir. Tablo 5’de parametrelerin etkinlik degerleri ve
Tablo 6’da ise ANOVA analizi verilmistir.

Tablo 5. Parametrelerin etkinlik degerleri

Seviyeler A (Sicakhik) B (Baslangi¢ kons.) C (Ads. Miktar)
1 35.08 3291 37.09
2 35.20 35.47 35.31
3 35.17 37.07 33.05

Tablo 6. Metil mavisi adsorpsiyonu q: degerleri icin ANOVA analizi

. Ortalama
Parametre Serbestllk Kareler Kareler F degeri P
Derecesi Toplamm
Toplami
Sicaklik 2 60.85 30.43 1.90 0.195
Konsantrasyon 2 2160.76 1080.38 67.56 0.000
Ads. Miktar1 2 2171.62 1085.81 67.90 0.000
Hata 11 175.91 15.99
Toplam 17 4569.15
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ANOVA tablosu (Tablo 6) incelendiginde, sicakligin F degeri (1.90) kritik F degerinden kiigiik,

konsantrasyon (F=67.56) ve adsorbent miktarinin (F=67.90) ise kritik F degerinden biiyiik oldugu

goriilmektedir. Bu durumda birim adsorbent miktar1 bagina adsorplanan MM miktarinda konsantrasyon
ve adsorbent miktarinin etkili oldugu, sicakligin ise etkisiz oldugu sonucuna varilir. Burada dikkat
edilirse konsantrasyon ve adsorbent miktarinin F degerleri birbirine olduk¢a yakindir. Bu da cevap
degiskeni (q:) icin neredeyse esit derecede etkiledigi goriiliir. Bu durum soyle agiklanabilir. Metil
mavisinin kil yiizeyindeki aktif sitelere ulagmasinda itici gii¢ konsantrasyon farkidir [23].
Konsantrasyon ne kadar artarsa kile niifus eden metil mavisi miktar1 da o kadar fazla olur [24]. Ayrica
adsorbent miktarinin azalmasi bu itici giicli daha da artiracaktir [25]. Ayrica adsorbent miktar arttikga
topaklanmalar ve birikmeler olabilir bu da metil mavisinin temas edecegi ara yiizeyleri azaltir. Bu
sebeple adsorplanan MM miktarinda azalma goriiliir [26]. Asagida Tablo 7°de MM baz1 adsorbentler ile

adsorpsiyonununda Taguchi metodunun kullanildigi ¢alismalar verilmistir.

Tablo 7. Metil mavisi adsorpsiyonu ile ilgili yapilan bazi ¢alismalar

Adsorbent Parametreler ve Optimum sartlar  %Giderim  Refereans

Poli(vinil Agirlikga adsorbent yiizdesi :%4

alkol)/Montmorillonite Sicaklik: 50°C

Nanokompozit Hidrojel ~ pH:9 %94 [27]
Konsantrasyon:10 mol/L

Volkanik tiiften Temas siiresi: 60 dk

sentezlenen silika MM konsantrasyonu: 20 mg/L

kserojel Adsorbent miktar1:0.0016 g mL ™ %96.18 [28]
Sicaklik:40°C
pH:5

Polietilen Tereftalat pH:8,

Nanofiber-Cok Duvarli Konsantrasyon: 20 mg/L

Karbon Nanotiip Adsorbent miktari: 0.008 g %94.78 [29]

Kompozit Temas siiresi:120 dk

Acacia Nilotica Adsorbent miktari:0.25g

talasindan elde edilen Konsantrasyonu:300 mg/L

aktif karbon Srcaklik: 40°C ’ 954 [30]

Temas siiresi: 90 dk

Kil (Kars bolgesinden Sicaklik: 20°C

elde edilen kil) Adsorbent miktar1:0.12g, %98.6 Bu ¢alisma
MM konsantrasyonu: 80 mg/L

Tablo 7°de optimizasyon sartlar1 incelendiginde dncelikle giderim verimleri yiizdesel olarak birbirlerine
yakindir. Metil mavinin yaklasik olarak %95°1 adsorplanmistir. Ayrica adsorbentlerin hazirlanmasi,
sentezlenmesi kille karsilastirildiginda maliyetli ve zaman alicidir. Ayrica optimum sicaklik seviyeleri
karsilastirildiginda 40 ve 50°C gibi yiiksek sicakliklar goriilmektedir. Dolayisiyla enerji maliyetini de
artirmaktadir. Kil i¢in ise sicaklik 20°C’dir. Bu anlamda hem verim hem adsorbentin bulunabilirligi,

hazirlanigt hem miktar1 hem de harcanan enerji maliyeti a¢isindan oldukga avantajli bir durumdadir.
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Sonug¢

Metil mavisinin ucuz bir adsorbent olan kil {izerine adsorpsiyonu igin sicaklik, boyar madde
konsantrasyonu ve adsorbent miktar1 parametreleri Taguchi metodu ile optimize edilmistir. Ayrica
parametrelerin etkisini gorebilmek i¢in ANOVA analizi yapilmistir. Bu durumda hem %Giderim hem
g: degerleri igin sicaklik etiksiz olarak goriilmistiir. Bu sebeple sicaklik i¢in en diisiik deger 20°C olarak
secilmistir. %Giderim i¢in en uygun parametre seviyeleri sicakligin birinci seviyesi 20°C,
konsantrasyonun birinci seviyesi 80 mg/L ve adsorbent miktarinin iiglincii seviyesi 0.12 g olarak
bulunmustur. Bu sartlarda yapilan dogrulama deneyinde metil mavisi boyar maddesinin %98.6’s1
giderilmistir. q: degerleri i¢in ise optimum seviyeler yine sicakligin birinci (20°C), konsantrasyonun
iiclincii (160 mg/L) ve adsorbent miktarinin birinci seviyesi (0.04 g) olarak belirlenmistir. Bu sartlarda
yapilan dogrulama deneyinde q=87.33 mg/g olarak bulunmustur. ANOVA analizlerinde ise %Giderim
icin sicaklik etkisiz, adsorbent miktar1 en ¢ok etkiyi daha sonra da metil mavisi konsantrasyonu etkili
oldugu, q:degerleri i¢in ise sicakligin etkisiz ve adsorbent miktar1 ve metil mavisi konsantrasyonunun
yaklasik ayn1 oranda adsorpsiyon iizerine etkili oldugu goriilmiistiir. Kars bolgesinde elde edilen bu kilin
metil mavisi adsorpsiyonu degerlendirilmis, adsorpsiyonda sicaklik etkisinin az olmasi enerji ihtiyacini
azaltmigtir., Bu nedenle metil mavisi adsorpsiyonunda adsorbent olarak kullanilabilecegi

diistiniilmektedir.

Tesekkiir -

Fon/Finansman bilgileri Herhangi bir kurum ve/veya kurulus tarafindan desteklenmemistir.
Etik Kurul Onayt ve Izinler Calisma, etik kurul izni ve herhangi bir 6zel izin gerektirmemektedir.
Cikar ¢catismalary/Catigan ¢ikarlar Herhangi bir ¢ikar ¢atismasi yoktur.

Yazarlarin Katkis1 Yazar makalenin son halini okumus ve onaylamustir.
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Abstract

Insect pests of stored crops damage agricultural products in the fields
or warehouses and cause crop loss. For this reason, it is of great
importance to protect the products in warehouses after harvest. Many
chemical control methods are being researched to prevent the damage
they cause to the stored product. As the negative effects of these
chemicals used in recent years on the environment and living things
have been understood, different methods have been started to be
developed. Because insects adapt to the environment very quickly,
they develop more resistance to the chemicals used over time. For this
reason, the biology and physiology of insects should be well known in
the fight against insects. The better the biology and physiology of an
insect are known, the more new methods can be developed in the
integrated control methods of this insect. Insects are poikilothermic
organisms. In other words, since they are organisms dependent on
changes in environmental temperatures, temperature is very important
in their development. Another factor affecting the biology and
physiology of insects is nutrient. Temperature and food together can
limit insect developmental stages. While high temperatures prolong the
developmental stages, it can have the opposite effect in the adult
period. Or insects feeding on poor quality nutrient can affect egg and
adult size or cuticle development, as seen in some beetles. In this
review study, the effects of temperature and nutrient on the biology and
physiology of storage product pest Coleopters were evaluated.

Keywords: Insects, carbohydrate, protein, lipid, food, storage pests,
Coleoptera

Sicaklik ve Besinin Coleoptera Takimina Bagh Depolanmis Uriin Zararhsi Tiirlerin
Gelisim Biyolojisi ve Fizyolojisine Etkisi
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0Oz

Depolanmus tiriin zararlis1 bocekler, tarlalarda veya depolarda tarimsal
iiriinlere zarar vermekte ve iiriin kaybina neden olmaktadir. Bu nedenle
iiriinlerin hasat edilmesinden sonra depolarda korunmasi biiyiik 6nem
tagimaktadir. Depolanmus iiriine verdikleri zarar1 6nlemek i¢in bir ¢ok
kimyasal miicadele yontemi arastirilmaktadir. Son yillarda kullanilan
bu kimyasallarin ¢evreye ve canlilara olumsuz etkileri anlagildikca
farkli yontemler gelistirilmeye baglanmistir. Bocekler cevreye c¢ok
hizl1 adapte olmalar1 nedeniyle kullanilan kimyasalara zamanla daha
¢ok direng gelistirmektedirler. Bu nedenle bocekler ile yapilacak
miicadelede boceklerin biyolojisi ve fizyolojisi iyi bilinmelidir. Bir
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bdcegin biyolojisi ve fizyolojisi ne kadar iyi bilinirse bu bocekle
yapilacak entegre miicadelede yeni yontemler gelistirilebilir. Bocekler
poikliotermik canlilardir. Yani ¢evre sicakliklarindaki degisikliklere
bagimli canlilar olduklart igin sicaklik, gelisimlerinde oldukga
onemlidir. Boceklerin biyoloji ve fizyolojisini etkileyen diger bir
faktor ise besindir. Sicaklik ve besin, birlikte bdcegin gelisim
asamalarint  sinirlayabilir. Yiksek sicakliklar gelisim asamalarini
uzatirken ergin donemlerinde tam tersi etki yapabilir. Ya da kalitesiz
besinlerle beslenen bocekler bazi kinkanatlilarda goriildiigii gibi
yumurta ve ergin biyiikligii veya kutikula gelisimini etkileyebilir. Bu
derleme calismasinda sicaklifin - ve besinin depo zararlisi
kinkanathlarm  biyolojisi ve  fizyolojisi  lizerindeki  etkisi
degerlendirilmistir.

Anahtar Kelimeler: Bocekler, karbohidrat, protein, lipid, besin,
depolanmis iiriin zararlilari, Coleoptera

Introduction

Grains are the leading agricultural products that contribute economically all over the world. Agricultural
products are stored in warehouses or silos before being delivered to the final consumer. The preservation
of agricultural products in warehouses is an economically very important problem. During the storage
period, the stored products may be unprotected against many pests such as insects, microorganisms,
mites and fungi. Most of the crops are destroyed due to these pests. Among these pests, insects are the
ones that cause the most product loss. The reason for this, they pass the developmental stages such as
larva and pupa inside the seed [1]. Insects cause damage such as loss of product weight, loss of shape,
decrease in nutrient amount, decrease in germination power and contamination of seeds in plant seeds
[2]. In developed countries, 5-10%, and in developing countries, approximately 30% are damaged in
this way [3]. 145 species of stored product pests belong to the order Coleoptera. This is followed by the
order Lepidoptera, Psocoptera and Hymenoptera [4, 5]. In Table 1, some stored product pest insect
species of Coleoptera seen in the world and in our country are given.

Insects are poicliothermic organisms. Therefore, temperature is one of the most important environmental
factors affecting their metabolism and physiology. Stored product pests generally prefer at an ambient
temperature of 27-33 °C and a humidity of 65-70% r.h. They cause very high losses under specified
optimum conditions [1]. Generally, insects are not active at storage temperature below +10 °C and
humidity below 10-12%. Their metabolism slows down when the temperature drops below 25°C, they
cannot be fed below 17°C and they usually die below 10°C [1, 6, 7].

Temperature and nutrition are important factors affecting insect physiology. Recently, there are so many
studies that food can alter temperature-related fitness in insects. For example, food quality can alter the
physiological and biochemical reactions necessary for insect fitness [8]. Understanding these complex
relationships between temperature and nutrient may be important to understanding the nature of
individual and population-based responses of insects to changing environmental temperatures under
different nutrient conditions [8]. Carbohydrates, proteins and lipids are vital for all living organisms.

Insects either obtain these substances they need for growth and development from their environment or
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synthesize them through metabolic activities [9-11]. Insects can use these vital elements for growth,

reproduction and development, as well as for pheromone synthesis etc. for communication purposes.
Carbohydrates, one of these vital elements, serve as the primary energy source, while amino acids are
found in the structure of enzymes that have a catalytic effect in cells. Lipids are a storage energy source.
At the same time, they play a role in functions such as membrane permeability, egg production,
pheromone synthesis [12-14].

Table 1. Some stored product pests from Coleoptera [5].

Species Family: Order Main Host
Sitophilus ganarius (Linnaeus, 1758) Curculionidae: Coleoptera Grain
Sitophilus oryzae (Linnaeus, 1763) Curculionidae: Coleoptera Grain
Sitophilus zeamais (Motschulsky, 1855) Curculionidae: Coleoptera Grain
Sitona crinitus (Herbst, 1795) Curculionidae: Coleoptera Grain
Tribolium confusum (Jacquelin du Val, 1863) Tenebrionidae: Coleoptera Grain
Tribolium castaneum (Herbst, 1797) Tenebrionidae: Coleoptera Grain
Tenebrio molitor (Linnaeus, 1758) Tenebrionidae: Coleoptera Grain
Latheticus oryzae (Waterhouse, 1880) Tenebrionidae: Coleoptera Grain
Tenebriodes mauritanicus (Linnaeus, 1758) Ostomatidae: Coleoptera Grain
Rhyzopertha dominica (Fabricius, 1792) Bostrychidae: Coleoptera Grain
Trogoderma granarium (Everts, 1898) Dermestidae: Coleoptera Grain
Oryzaephilus surinamensis (Linnaeus, 1758). Silvanidae: Coleoptera Grain, dry fruit
Cryptolestes ferrugineus (Stephens, 1831) Cucujiidae: Coleoptera Grain
Carpophilus hemipterus (Linnaeus, 1758) Carpophilidae: Coleoptera Dry fig
Lasioderma serricorne (Fabricius, 1792) Anobiidae: Coleoptera Tobacco
Acanthoscelides obtectus (Say, 1831) Bruchidae: Coleoptera Grain
Callosobruchus maculatus (Fabricius, 1775) Bruchidae: Coleoptera Grain

Chemical control is the most common method used to control stored product pests. But, in recent years,
researchers have been trying to find environmentally friendly alternative methods due to the damage
caused by chemicals to the environment and human/mammal health, as well as the resistance of insects
to these chemicals. However, it is necessary to know the ecology, biology and physiology of the pests
very well in order to find alternative methods and to protect the products. In this review study, the effects
of temperature and food on the biology and physiology of storage pests from Coleoptera were evaluated.
Understanding the effect of temperature and nutrient on the physiology of insects and evaluating their
responses to changing environmental temperatures can enlighten on our strategies to fighting these

insects.
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The Effect of Temperature and Nutrients on Developmental Biology and Physiology of

Insects Belonging to the Order Coleoptera in Stored Products

"Three temperature zones are defined for living organisms”.”The first is the Optimum Zone, where the
development and reproduction takes place at the maximum level, and the second is the Suboptimum
Zone, which is below or above the optimum zone where the living organism can complete its life cycle
but its biological activities are lower [15]”."The third is the Letal Zone, which causes the death of the
living organism and is above or below the temperature values in the suboptimum zone [15].”

Temperature, humidity and nutrients are effective factors in the development and growth of insects.
Generally, low temperatures and humidity prolong the development period in insects. High temperatures
can have the opposite effect, while reducing growth rate and fecundity and increasing adult size [16,
17]. Temperature and nutrient are linked through the metabolism and energy requirements of insects
[8]. Qualitatively and quantitatively insufficient nutrients prolong the development period, decrease the
growth rate, adult size, fecundity, and cause some anatomical disorders in adults [9, 18, 19]. All
ectotherms can change their nutrient preferences depending on the changing ambient temperature. This
may be related to their physiological conditions, developmental stages or phylogeny [8]. Rho and Lee
[8] determined the nutrient preferences of Tenebrio molitor Linnaeus 1758 (Coleoptera: Tenebrionidae)
at different temperatures, stated that insects chose protein and carbohydrate equally at 25 and 30 °C, but
only carbohydrates at 35 °C. Hashem et al. [20] conducted a study with Oryzaephilus surinamensis
Linnaeus 1758 (Coleoptera: Sivanidae) at different temperatures (20, 25, 30 and 35 °C) and different
nutrients (rice, sesame and date palm). Adult emergence was affected by nutrient, especially
temperature, and the performance of insects was determined best in rice and worst in date. Hussain et
al. [21] raised O. surinamensis adults with six different nutrients: wheat germ, whole wheat flour, rice
flour, corn flour, basbousa flour and wheat flour. Mean development times were the longest in corn flour
(55.33 days) and rice flour (41.33 days). The shortest time was determined in wheat germ (30.33 days).
While the maximum adult emergence was recorded as 69% with wheat germ, this value is minimum
(zero) for wheat flour and basbousa. The highest weight loss was determined in wheat germ and corn
flour. The growth index was highest in wheat germ and lowest in rice flour. From the results of the
chemical analysis, the carbohydrates, total protein, potassium and magnesium contents of the nutrients
are directly related to the nutrient preferences of the insects. Mohammadzadeh and Izadi [22] fed
Trogoderma granarium Everts 1898 (Coleoptera: Dermestidae) with 9 different nutrients (barley, corn,
millet, rice, rye, sorghum, triticale, wheat, peanut and walnut) and tested its resistance to cold. Insects
reared on triticale had the shortest development time, the highest fecundity and fertility. Survival rates
ranged from 40% to 87%, with the lowest values observed in peanuts. The highest larval energy reserve
and trehalose level were determined in triticale and the lowest in sorghum. The supercooling point (SCP)
of larvae reared on triticale was found to be -20.6 °C, significantly lower than other diets. While the

larvae reared with triticale, rye, walnut and peanut withstand -5 and -10°C for 24 h, the mortality rate
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was 100% in the 20°C/24 h group. These results show that larval nutrient quality can affect the biological

and physiological properties, supercooling and cold hardness points of T. granarium.

Many insect larvae species show a stable development at optimum temperature. However, changes in
optimum temperatures affect the insect's metabolism, reproductive capacity, feeding habits accordingly
its distribution [23]. Howe and Currie [23] investigated the effects of temperature on the growth rate,
mortality and oviposition of six stored product pests [Acanthoscelides obtectus Say 1831,
Callosobruchus maculatus Fabricius 1775, C. chinensis Linnaeus 1758, C. analis Fabricius 1775, C.
rhodesianus Pic 1902 (Coleoptera: Bruchidae) and Zabrotes subfasciatus Boheman 1833 (Coleoptera:
Chrysomelidae)] and determined the optimum temperatures for each species. They determined that egg
hatching in all species was 80% between 17.5 - 30°C, 70% between 15 and 35°C, and no eggs were
hatched at 40 °C. The optimum temperature for the fastest development of eggs and larvae was 30 °C,
while the adult emergence was very little at 15 °C and none at 35 °C. In addition, the development period
and weight of females were higher than males, the heaviest individuals were determined at the lowest
temperatures, and the weights decreased with increasing temperature. Omar and Mahmoud [24]
determined that egg, larva, pupa and adult cycle for Callosobruchus chinensis were inversely
proportional to temperature (16, 24 and 32 °C). The longest time required to complete their life cycle at
16 °C as 76.8 days. The optimum temperature for egg, larval and pupal development was determined as
32 °C. Adult survival times were significantly reduced by increasing the temperature from 16°C to 32°C.
Also, the data showed that females lived longer than males at all temperatures. It was concluded that
temperature significantly affected the pre-oviposition, oviposition and post-oviposition times in C.
chinensis.

Temperature influences insects in many ways [25-28]. For example, while low temperatures increase
larval development time and adult longevity in insects, high temperatures can have the opposite effect
[25, 27]. Insects can tolerate temperature changes within certain limits by changing their metabolic
activities, regulating their body temperatures or changing their microhabitats, although it varies
according to the species [29, 30]. It is known that metabolic activities vary according to age, sex,
temperature and nutrient type [27, 31]. The effects of temperature (20, 25 ve 30 °C) on the resistance of
five different bean genotypes (Arc.1S, Arc.1, Arc.2, Arc.4 ve Carioca Pitoco) to A. obtectus infestation
were investigated. The resistance of Arc.1l, Arc.4 and Carioca piteco genotypes decreased with
temperature and the invasion rate of A. obtectus increased. The most suitable temperature for storage
and the highest bean genotype resistance were at 20 °C [32]. Kpoviessi et al. [33] analyzed vicilin, a-
amylase inhibitor, phenols, tannin, carbohydrates, flavonoids and protein in the cowpea genotypes in a
study they conducted with C. maculatus and 6 genotypes of cowpea seeds. The most resistant genotypes
had the highest phenol, carbohydrate and tannin content, while the most susceptible genotypes had the
opposite. It was emphasized that there was a relationship between the biochemical content of cowpea

seeds and the resistance parameters. Abdel-Hady et al. [34] exposed Tribolium castaneum Herbst 1797
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(Coleoptera: Tenebrionidae) and Sitophilus oryzae Linnaeus 1763 (Coleoptera: Curculionidae), to

temperature shock (42 °C for 60, 80, 100 min; 45 °C for 40, 60, 80 min; 48 °C for 15, 30, 45 min; 51

°C for 5, 10, 15 min, 54 °C for 2, 4, 6 min). In both species, life cycle and survival rates were decreased,
pupa and recovery time were prolonged, larval period was shortened, food intake was significantly
affected and differences in growth rates were detected.

In the study conducted with C. maculatus and C. subinnotatus Pic 1902 (Coleoptera: Chrysomelidae)
oviposition, development and survival rates of these species, which were exposed to three different
temperatures (40, 45 and 50 °C) in different time periods (1, 2, 4 and 6 hours), were investigated [35].
It was determined that the number of eggs laid and adults in both species decreased inversely with
temperature and exposure time. Mortality rate was highest at 50 °C and C. maculatus was more sensitive
to high temperature than the other species. In addition, there was no development in eggs exposed to 50
°C for 4 and 6 hours [35].

Generally, two types of behavior are observed in insects depending on the temperature change. First, as
the temperature increases, the biological response of the insect increases and lasts until the death limit.
Second, an increase in temperature increases the insect's biological response, but after a certain point
this response decreases [36]. Johnson and Valero [37] found that when C. maculatus eggs, larvae, pupae
and adults were exposed to -18 °C for time intervals (0, 80, 100 and 120 minutes), the highest tolerance
to low temperature was in the egg stage and the lowest in adults. It had been reported that the mortality
rates of C. maculatus and A. obtectus increased in direct proportion to the temperature, and A. obtectus
had a higher tolerance to low temperature [38].

Changes in ambient temperature can alter the dispersal characteristics of insects and migratory routes,
resulting in many pest control problems [36]. Stressful situations such as temperature changes or food
shortages in the environment of insects play an important role in their physiological and biochemical
reactions [16, 27, 28, 39]. When the temperature increase remains within certain limits, enzymatic
activity affects positively [40]. However, extreme low or high temperatures directly affect their
physiology and have a species-specific response to changing temperatures [25, 27, 28]. These responses
may include migrating or changing the geographic location of insects to find places richer in nutrients,
more normal temperatures, cannibalism, or early diapause. They regulate their metabolism with these
reactions, and develop ecological adaptation by taking physiological and biochemical measures against
stressful situations [41]. The amount of nutrients and temperatures that insects need during the larval,
pupal and adult developmental stages may vary according to the species. In insects, nutrition [42],
metabolism [30, 43], growth rate [28, 35, 43, 44], longevity [26, 45] and reproduction [43, 46] are
affected by factors such as temperature and nutrients.

Chandrakantha et al. [42] conducted with different temperatures (20, 25, 30 ve 35 °C), different cowpea
species (Vigna unguiculata (Linnaeus) Walp, Phaseolus radiatus (Linneaus) R. Wilczek, Dolichos lab

lab (Linneaus) Sweet and C. maculatus. They determined as the temperature increased, the development
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time of the adults was shortened and the oviposition decreased. The type of nutrient was effective in the

development of larvae that spent their larval stage in cowpea seeds. Kistler [43] determined that
mortality and metabolic rates, growth rates and fecundity of six Coleoptera species [Stator generalis
Linnaeus 1758, S. limbatus Horn 1873, S. pruininus Horn 1873, S. sordidus Horn 1873 (Coleoptera:
Bruchidae), Mimosestes amicus Horn 1873 and Algarobius prosopis LeConte 1858 (Coleoptera:
Chrysomelidae)] increased with temperature (20-50 °C).

It has been reported that four different temperatures (25, 30, 35 and 40 °C) significantly affect
development and oviposition in adults of C. maculatus and C. subinnotatus [46]. The number of eggs
laid by C. maculatus adults increased in direct proportion to the temperature, and they laid the most eggs
at 35 and 40 °C. C. subinnotatus adults laid the most eggs at 30 and 35 °C. Maximum egg development
was at 30 °C, and the development time from egg to adult was twice as long at 25 °C [46]. Ferizli et al.
[45] determined that C. maculatus larvae and eggs could not complete their development when exposed
to -18 °C for 100 minutes or more, and they tolerate other time intervals (20, 40, 60, 80, 100, 120, 140,
160 and 180 m, -18 °C).

Insects need a certain temperature as they move from one stage to another in their pre-adult
developmental stages. Dupuis et al. [44] determined that the mortality rate of A. obtectus larvae, pupae
and adults was 50% from the 6th day at 0 °C 1st and 2nd stage larvae live for 4 h at -10 °C, 6 h for larvae
and pupae at other stages, and 16 h at -22 °C. Sénmez and Kog [47] determined that the longer the
storage time at +4 °C, the longer the pupal time and the percentage of deformation of T. molitor.
Similarly, Sonmez [48] found that the longer the storage time of larvae, the longer the pupal time and

the higher the deformation percentage.
Carbohydrates

The types and amounts of basic nutrients needed by insects may vary depending on the species,
developmental stages, and physiological conditions such as diapause or migration [49, 50]. Phytophage
species belonging to Orthoptera, Coleoptera and Lepidoptera orders generally need equal amounts of
protein, carbohydrates and amino acids, while grain pests or storage pests need more carbohydrates [51].
Legume seeds generally contain 20-25% protein, 1-2% fat and 37-50% carbohydrates [52].

Chippendale [53] investigated the effects of different nutrients (starch, dextrin, amylopectin, glycogen,
amylose, cellulose, inulin, mono and disaccharides) on the longevity of S. oryzae. It was determined the
survival rate and longevity of the group fed with polysaccharides were higher than the other group.
Stillwell et al. [17] found that when C. maculatus larvae were raised in three different legume varieties
(Vigna radiate (L.) Wilczek, V. angularis (Willd.) Ohwi & H.Ohashi, V. unguiculata (L.) Walp), the
developmental period and the number of eggs laid by the adults varied according to the type of food
used. In a study conducted with S. oryzae and S. granarius, it was determined that the total carbohydrate

and lipid amounts in both species increased during the prepupa stage and then decreased [54]. It was
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stated that the total protein amount increased linearly in the prepupal and adult stages and decreased in

the pupal stage in S. oryzae, while it increased linearly in all developmental stages in the other species.
Allali et al. [55] investigated the fecundities of females in C. maculatus reared on different hosts
(Phaseolus vulgaris L., Vigna unguiculata (L.) Walp, Cicer arietinum L., Vicia faba L., Pisum sativum
L.). They stated that the fecundity rates and emergence rates in V. unguiculata, C. arietinum and P.
vulgaris were higher than other species not included in the nutrient spectrum. The seed surface and husk
reduced the percentage of emergence from the seed and the development of surviving adults.

Nutrient is an important environmental factor in the survival of insects. The development, growth and
reproduction of insects can be adversely affected and even die in nutrient deficiencies and long-term
starvation conditions. However, insects can develop adaptations to nutrient stress, such as diapause, that
help increase the amount of lipids or help maintain homeostasis and return the insect back to normal
under suitable conditions [41]. Insects may enter diapause as larvae, pupae or adults in stressful
situations such as a long winter. It was determined that there was not much difference between trehalose
amounts of Anthonomus grandis Boheman 1843 (Coleoptera: Curculionidae) adults in diapause
compared to non-diapause adults. Although the amount of trehalose was quite low in adults who were
fasted for 12-20 hours, it was higher than those in diapause. Glycogen metabolic rate was found to be
higher in non-diapause than diapause [56].

Carbohydrates are known to affect insect mortality rates, life cycle and reproductive activities [9, 53].
A. grandis fed with a diet containing 2.5% to 10% sucrose and 10% maltose, it was determined that the
mortality rates of adults were lower in females fed 10% sucrose and males fed 10% maltose [57].
Glycogen, which is used as an energy reserve in insects, is usually stored in adipose tissue and flight
muscles. The qualitative and quantitative composition of the insect's diet significantly affects the storage
level of glycogen [58, 59]. When the blood sugar content of insects is low, glycogen is broken down,
which raises the blood sugar level. All the sugars in their bodies are converted into glucose to provide
ATP, an energy source and metabolic intermediate in living cells [41]. Sharma and Sharma [58] in their
study with C. maculatus and Z. subfasciatus, found that Z. subfasciatus adults had more lipids, and that
the glycogen amounts of the two species decreased depending on age. It was determined that when
Bruchidius uberatus Fahraeus 1839 (Coleoptera: Bruchidae), a seed pest, was fed with different
nutrients (1% sucrose, only water and control group), the group fed with 1% sucrose had a longer
oviposition period than the other groups. The number of eggs laid, the number of hatched eggs, fecundity
and longevity were found to be significantly higher [59]. In Alphitobius diaperinus Panzer 1797
(Coleoptera: Tenebrionidae), it has been stated that the number of eggs laid by females, development
time, fecundity and egg size are affected by the type of nutrient used as a carbohydrate source (barley,
maize, rice and white flour) [60].

The reason for high insect infestation in some nutrients may be due to the total carbohydrates, proteins,

lipids and minerals contained in the nutrients. These basic nutrients contained in the food can affect the
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larval development time, the number of eggs they lay, the rate of offspring and the longevity. El-Fouly

et al. [61] studied the effects of eight different diets (standard insect rearing diet, wheat germ, oat grains,
cumin seeds, maize, chamomile flowers, roselle flowers and fenugreek seeds) on the tobacco beetle
Lasioderma serricorne Fabricius 1792 (Coleoptera: Ptinidae). The shortest larval period and the highest
offspring rate were found in the standard insect rearing diet and wheat germ, while the shortest pupal
period was found in the wheat germ. Stathers et al. [2] suggested that Sitophilus zeamais Motschulsky
1855 (Coleoptera: Curculionidae) prefers to feed on the endosperm of maize, resulting in greater
carbohydrate loss in seeds than protein. In contrast, Prostephanus truncates Horn 1878 (Coleoptera:
Bostrichidae) depleted the germ and endosperm, causing an extreme reduction in the lipid, protein, iron
and zinc grain content of maize. Insect infestation preferences vary with the content of infested nutrients,

the type of grain, and the level of infestation.
Proteins

Insects can take the amino acids necessary for their growth and development directly from their food
[62]. These amino acids are used in the synthesis of new proteins, enzymes, hormone receptors,
neurotransmitters to be synthesized, as well as in activities such as morphogenesis, egg production and
maturation of eggs [13, 51, 63]. Proteins and amino acids from food are also used to synthesize egg
reserve nutrients materials. Insects fed on nutrients with insufficient protein content limit their
reproduction, oviposition and egg hatching.In a study of Bruchidius dorsalis Fahraeus 1839 (Coleoptera:
Bruchidae) females, it was found that when mated with well-fed males, they lay larger eggs than those
mated with undernourished males [19]. With radioactive labeling studies, it has been determined that
females in A. obtectus obtain the arginine and histidine amino acids they need for oocyte formation and
development from the sperm after mating [64]. Velten et al. [65] stated that bean seeds rich in arseline
amino acid affect the fecundity of A. obtectus females. It was determined that the development time of
the larvae was significantly longer than those fed with arselin-free beans, the adults had lower body
weights and lay fewer eggs.Yilmaz and Elmali [66] found that different bean varieties affected the
development and reproduction of A. obtectus. The larval developmental time, emergence time,
longevity, adults weight, and larval mortality rate varied according to the bean variety. A relationship
was determined between the duration of the larval period and the protein ratio.

Essential amino acids needed by insects vary according to insect species [51]. The amount of amino
acids contained in insects can also vary according to different life stages, sex of the insects and
physiological conditions at that time [62, 67]. C. maculatus has 20 amino acids in males, 14 in females
and eggs, 13 in larvae and 17 in pupae. Alanine, proline, methionine, leucine, threonine and valine in
males, alanine, cystine, proline, leucine and valine in females, alanine, proline and leucine in eggs,
proline, leucine and valine in larvae, and proline, leucine, phenylalanine and valine in pupae were

found.Isoleucine not detected at any developmental stage [67]. Duarte et al. [68] determined that
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different amino acids were dominant in different developmental stages of T. castaneum (larva: valing,

pupa: lysine, adult: histidine). They found larvae contained greater amounts of phosphorus, potassium,
sulfur and zinc. Some amino acids are needed more in morphogenesis. Although each amino acid varies
according to the species, it is used for the formation of different parts of the body. For example, in
general, alanine and glycine play an important role in optimal growth, tyrosine in cuticle strength, and
tryptophan in the synthesis of pigments [69, 70]. Andersen et al. [69] found that glycine in the adult
cuticle of T. molitor, and alanine in the larval and pupal cuticle are the dominant amino acids. Dorsal
abdomen was rich in apolar amino acids.

Insect species that do not feed in the adult stage or have a short life cycle, meet the necessary energy
from the reserves they store in the egg or larval stage. On the other hand, since these energy reserves are
not sufficient in species with a long adult life cycle, they usually meet the carbohydrates, proteins and
lipids necessary for their vital activities from plant sap, nectar, pollen or host hemolymph [71]. Nectar
feeding is common insome species of belonging to Diptera, Lepidoptera, Hymenoptera, and some
Coleoptera orders [71, 72]. In some species in Coleoptera order which are storage pests, the energy they
provide from the host in the egg or larval stages is very important since the adults are not usually fed.
Although they are fed with carbohydrate-rich content, biochemical activities turn them into the
substances they need. They must obtain essential amino acids or fatty acids from their hosts.

Changing environmental temperatures effect the amount and types of proteins and amino acids that
insects contain. It was determined that A. diaperinus females raised at 28 °C had lower amounts of
proline, aspargine and serine amino acids, and higher amounts of tyrosine and lysine than males. The
total amount of amino acids was found to be higher in the group exposed to 10 °C than in the group
exposed to 28 °C [63]. The amount of trehalose, proline, glutamic acid and lysine of S. oryzae and
Crystolestes ferrugineus Stephens 1831 (Coleoptera: Laemophloeidae) was higher in cold hardness
(between -10 and -20 °C), and tyrosine was lower [73]. Masoumi et al. [74] fed C. maculatus larvae
with cowpea seeds treated with proline and trehalose (10, 20, and 40 mmol). They identified potential
cryoprotectants effective in supercooling (-18.2 C) and cold hardness (24 h at 0, -5.0, -7.5, -10.0, and -
12.5 -C). Feeding cowpea seeds treated with proline and trehalose at the larval stage did not affect their
amount in adults. C. maculatus was not resistant to sub-zero temperatures. Sénmez and Giilel [75] stated
that the total carbohydrate, lipid and protein contents of A. obtectus adults at 30 °C were higher than
those at 20 °C.

Lipids
Most insects need lipids for sexual maturity and egg production [14, 76]. Insects can take lipids through
nutrients or synthesize them from proteins and carbohydrates stored in the body through metabolic

relationships. Therefore, their amount of carbohydrate and protein content affects the amount of lipids

and fatty acids. Lipids consist of fatty acids and have important functions in living organisms [77-79].
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They function as a storage and transport form of metabolic fuel in the body's energy production [14].

They are used as a primary energy source during periods of diapause or prolonged migration. Lipids and
fattys acids form the structure of cell membranes and the cuticle. Fatty acids are used in the synthesis of
pheromones, eicosanoids, waxes and fatty acid-derived hormones [14, 80]. It has been determined by
many researchers that the amount and type of fatty acids in insects vary depending on the species, age,
sex, developmental stage, tissue, nutrition, physiological conditions and environmental factors [31, 78,
81-83]. Among these environmental factors, temperature is the leading factor affecting their amount of
lipids and fatty acids content [77]. It was determined that the total lipid amounts and percentages of T.
molitor larvae kept in the cold (+4 °C) for 5, 10 and 15 days were higher than the control group, and a
decreasing trend was observed kept for 20 days [84]. Sonmez et al. [85] in a study with A. obtectus,
found that the fatty acid types contained in adult insects remained constant, but their amounts changed
depending on age and sex. A. obtectus grown at three different temperatures (15, 20 and 30 C°) decreased
the total lipid percentage and the total fatty acid increased depending on the temperature increase and
sex [86]. Nietupski et al. [87] investigated the effects of surface lipids of different bean varieties on the
growth, mortality and oviposition rates of A. obtectus. They stated that the rate of oviposition, the rate
of dead larvae in the seed and the rate of adults vary according to bean varieties. When bean surface
lipids were analyzed, they found wax esters, fatty acids, fatty acid esters, long chain primary alcohols,
aldehydes, ketones, squalene and sterols.

In insects, the lipid content is generally higher in the larval stages than in the pupa and adult
stages. Triacylglycerols form about 80% of the lipid content, and phospholipids 20% [88, 89]. Insects
have high amounts of Omega-3, oleic, linoleic, linolenic acid, and palmitic acid [90-92]. On the other
hand, they contain less saturated fatty acids. It has been determined that holometabol insects contain
more lipids than proteins in larval stages compared to adults. Similarly, it has been observed in
hemimetabol insects. This reason for this larvae store the energy necessary for pupal phase and
metabolic activities [91]. Duarte et al. [68] larvae and pupae of T. castaneum contained high amounts
of SFA (heptadecanoic and stearic acid) and PUFA (a-linolenic and linolenic acids), whereas MUFA
was found in very small amounts on the contrary. The highest amount of hypogeic, palmitoleic and oleic
acids were detected in adults.

Although the fatty acid types of insects are similar, the dominant fattys acids can be different according
to the species. For example, palmitic and oleic acid were determined as dominant fatty acids in S. oryzae
and S. Zeamais [93], oleic and palmitic acid in C. maculatus [94], Dermestes maculatus De Geer 1774
(Coleoptera: Dermestidae) [95] and A. grandis [96], and oleic, palmitic and linoleic acid in Rhyzopertha
dominica Fabricius 1792 (Coleoptera: Bostrichidae) [97]. Although the number of dominant fatty acids
in different species within the same order varies, the fact that oleic and palmitic acids are dominant in
all studied species indicates an evolutionary relationship in fatty acid metabolism in insects.

Golebiowski et al. [98] found that oleic, linolenic, palmitic, linoleic and stearic acids are present in the
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cuticle of A. obtectus. Oleic and linolenic acid are dominant fatty acids. In studies with T. molitor, it was

stated that palmitic and stearic acid in the ovaries of females, palmitic, oleic and linoleic acids in adipose
tissue [99], palmitic acid in the cuticle [100] were dominant fatty acids. It is known that some of the
energy substances needed in the adult stage of insects are met from the nutrient reserves stored in the
egg or larval stage [70]. The energy content of newly matured C. analis adults was much higher due to
the lipids stored in the larval stages and decreased with age [101]. Kurecka et al. [102] found that pupae
of A. diaperinus contained significantly more protein while larvae more lipid. Females in insects contain
higher amounts of lipids for egg production than males. They use most of the lipids for egg reserve
nutrition during oogenesis [1, 76, 103]. Thus, they may have higher total lipid percentages than males,
although it varies by species. Ximenes et al. [104] with radioactive labeling studies, found fatty acids
were used in egg production in C. maculatus females, Nwanze et al. [94] found females contain more
total lipids and triglycerides than males. It was determined that the total fatty acid amount in A. grandis
adults was very low in the first four days of adult life and then increased with age [96], while the amount
of lipids in the ovaries of T. molitor females increased during the first three days of adult life and then
decreased [99]. It has been suggested that changes in fatty acid type and amount depending on age, sex
and physiological conditions result from the synthesis of eicosanoids or hormones necessary for
reproduction and egg laying. Lipids synthesized in adipose tissue during oogenesis are sent to the ovaries
to be used in embryogenesis and stored there [14, 80]. It has been shown that oleic acid plays an
important role in egg laying in females by detecting that the amount of oleic acid in the ovaries of T.
molitor females increases during the sexual maturity period [99]. Changes in the amount of oleic acid
may be due to the excessive use of oleic acid as a reserve nutrient in the egg in oogenesis or the synthesis
of linoleic acid from oleic acid, as suggested by Renobales et al. [105] and Blomquist et al. [106]. Cohen
and Levinson [107] suggested that lauric acid increases egg production in D. maculatus. Lambremont
et al. [108] found that while the amount of monounsaturated fatty acids decreased during reproductive
activities in A. grandis, the amount of polyunsaturated fatty acids increased.

Fatty acids are used for many different purposes in insects. Palmitoleic acid is used in the synthesis of
pheromones in many insects [109, 110]. Meinwald and Eisner [111] and Smith and Grula [112]
suggested that caprylic acid is used in defensive secretions in some insects. Cuticular lipids are used for
gathering and communication activities in females of some species [98].

Linoleic and linolenic acids and their long-chain metabolites are precursors of eicosanoids, which play
an important role in insect physiology. Eicosanoids affect reproduction, cellular immunity and
thermoregulation [79, 109, 113]. Insects can convert 18 C polyunsaturated fatty acids to 20 C
polyunsaturated fatty acids biochemically [79]. Since eicosanoids, which play an important role in
insects, can be synthesized from different fatty acids, these fatty acids can be found in small amounts in

insects. Studies have shown that the fatty acids from which eicosanoids are synthesized play an
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important role as hormones, pheromones and defensive secretions in the immune mechanism and

reproduction of insects [81].

Conclusion

In this review study, the physiological effects of temperature and nutrient storage pests are emphasized.
In general, carbohydrate, protein and lipid requirements and the effects of these substances on the
physiology of insects were evaluated. At the same time, it was evaluated how the temperature affects
the protein, carbohydrate and lipid contents of these storage pests. Understanding the physiological and

biological relationships in the fight against storage pests will contribute to integrated control methods.
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