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Elif Yavuz“?, Giliven Cevik“1, Burcu Gevreli*’2, Emel Serdaroglu Kasik¢i“ 1%

*

1l.?sk¢'idar l;lniversitesi, Miihendislik ve Doga Bilimleri Fakiiltesi, Molekiiler Biyo_loji ve Genetik Béliimii, istanbul, 34662, Tiirkiye
2Uskiidar Universitesi, N6ropsikofarmokoloji Uygulama ve Arastirma Merkezi, Istanbul, 34662, Tiirkiye

MAKALE BILGiSI

OzZET

Makale Gegmisi:

ilk génderi 9 Aralik 2023
Kabul 17 Temmuz 2023
Online 30 Eylll 2023

Arastirma Makalesi

DOI: 10.30728/boron.1215949

Anahtar kelimeler:
Borik asit

Kuersetin

Oksidatif stres
Parkinson

Rotenon

Parkinson hastaligi, beyinde dopaminerjik néronlara etki eden énemli bir nérodejeneratif
bozukluktur. Kuersetin, dogrudan radikal temizleme aktiviteleri ve antioksidatif enzimlerin
indliksiyonu ile tim flavonoidler arasinda en gugli antioksidanlardan biridir. Yapilan
calismalarda Borik asidin kalsiyum, vitamin D ve magnezyum ile etkilesime girerek
organlar icin yararl etkilere sahip oldugu gdsterilmistir. Bu galismada 3 aylik Wistar-albino
erkek sicandan olusan deney gruplari 8 gruba (n=7) ayrilmis ve beyin doku érneklerinde
glutatyon ve malondialdehit seviyeleri manuel olarak belirlenmistir. Ayni zamanda total
antioksidan durumu (TAS), ticari kit kullanilarak tayin edilmistir. Siganlarin bilissel islevlerini
degerlendirmek igin lokomotor aktivite ve nesne tanima testleri uygulanmistir. istatistiksel
analizlerde GraphPad Prism 9 versiyonu kullaniimistir. Degerler, tek yonli ANOVA ile
istatistiksel olarak analiz edilmis, gruplar arasindaki farkhliklar Uncorrected Fisher's LSD
testleri kullanilarak belirlenmistir. p<0,05 istatistiksel olarak anlamli kabul edilmistir. Buna
goére bu calismanin sonucunda Kuersetin ve Borik asidin antioksidan kapasite Uzerine
olumlu etkiler yaparak TAS seviyelerinde etkili oldugu goésterilmistir. Elde edilen veriler,
borik asidin Parkinson hastaligi patogenezini 6nleyerek oksidan-antioksidan dengeyi
olumlu ydnde etkiledigini gdstermistir.

Effect of boric acid and quercetin combination on oxidative stress/cognitive
function in parkinson model
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Parkinson's disease is an important neurodegenerative disorder that affects dopaminergic
neurons in the brain. Quercetin is one of the most potent antioxidants among all flavonoids,
with direct radical scavenging activities and induction of antioxidative enzymes. Studies have
shown that boric acid interacts with calcium, vitamin D and magnesium to have beneficial
effects for organs. In this study, experimental groups consisting of 3-month-old Wistar-
albino male rats were divided into 8 groups (n=7) and glutathione and malondialdehyde
levels were determined manually in brain tissue samples. Also, total antioxidant status
(TAS) was determined using a commercial kit. Locomotor activity and object recognition
tests were applied to evaluate the cognitive functions of the rats. GraphPad Prism 9 version
was used for statistical analysis. Values were statistically analyzed with one-way ANOVA,
and differences between groups were determined using Uncorrected Fisher's LSD tests.
p<0.05 was considered statistically significant. Accordingly, as a result of this study, it has
been shown that Quercetin and Boric acid have positive effects on antioxidant capacity and
are effective in TAS levels. Obtained data has shown that boric acid would positively effect
the oxidant-antioxidant balance by preventing the pathogenesis of Parkinson's disease.

1. Girig (Introduction)

olarak bilinen ¢oziinur a-sintklein (a-syn) kiimelerinin,
hlcresel mekanizmalari bozarak PH olusumu Gzerinde

Parkinson hastaligi (PH), beyindeki substantia nigra
pars compacta'daki dopaminerjik néronlarin yikimi
ile karakterize bir tir norodejeneratif hastaliktir
[1]. PH patogenezinin mekanizmasi tam olarak
aydinlatilamamistir ancak artan kanitlar, oligomerler

onemli bir etkiye sahip oldugunu gostermektedir [2,3].
a-syn kiimeleri, mitokondriyal disfonksiyon, proteostaz
kaybi, sinaptik yapilarin bozulmasi, hiicresel apoptoz
suregleri ve noroinflamasyon dahil olmak Gzere cesitli
sekillerde sitotoksisiteye neden olabilir [4].

*Corresponding author: emel.serdaroglukasikci@uskudar.edu.tr
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PH genellikle hastalarda motor semptomlarin
g6zlemlenmesiyle teshis edilir. Ortaya ¢ikan noéron
dejenerasyonu, striatumda dopamin seviyesinin
dismesine neden olarak anormal motor kontroliine
yol agar. Dopaminerjik noérotransmitter eksikligi
sonucu Parkinson hastaliginda limbik sistemle iligkili
olan substantia nigra pars compacta'da hem dopamin
Uretimi hem de hastalidin seyri boyunca dopamin
Ureten hicrelerin sayisi azalir [5]. Bu durum istirahat
tremoru, bradikinezi, rijidite ve postural instabilite gibi
primer motor semptomlara neden olur. PH'nin ayrica
anosmi, uyku bozukluklar ve kabizlik gibi motor
olmayan semptomlarin yani sira bilissel ve psikiyatrik
semptomlara da neden oldugu kabul edilmektedir [6].

Oksidatif stres, reaktif oksijen tirlerinin (ROS)
Uretiminde artis ve antioksidan savunma sisteminde
eksiklik ile karakterize bir suregtir [1,7]. Oksidatif stres
Parkinson hastaligi, Alzheimer hastaligi, amyotrofik
lateral skleroz, multipl skleroz, depresyon ve hafiza
kaybi dahil olmak Uzere gesitli nérolojik hastaliklarla
iliskilendirilmistir [8,9]. Serbest oksijen radikalleri, lipid
peroksidasyonunda gug¢li baslaticilar olarak rol oynar
ve hastalik olusum mekanizmasi Uzerinde dogrudan
etkilere sahiptir [10-12].

Dinyada yaygin olarak kullanilan bir pestisit olan
Rotenon (ROT), insan Parkinson hastaliginin
deneysel modellerinde yaygin olarak kullanilan ve PH
mekanizmalariniyansitabilen kimyasal birnérotoksindir
[13]. Etkili bir mitokondriyal kompleks | inhibitori olan
ROT, merkezi sinir sisteminde bozukluklara neden olur
ve lipofilik yapisi nedeniyle kan-beyin bariyerini kolayca
gecen bir hidrofobik bilesik thradir [14]. ROT'un
oksidatif strese, noroinflamasyona, dopaminerjik
noronlarin apoptozisine, davranissal eksikliklere ve
a-syn agregasyonuna neden oldugu gesitli calismalar
Isiginda bildirilmigstir [15].

Bor, periyodik cetvelde 3A grubundaa yer alan bir
ametaldir [16-18]. Diyet bor kaynaklari bitki bazlidir
(sebzeler, meyveler ve badem ve findik gibi sert
kabuklu yemisler) [20,36]. Borik asit (BA), organik
bilesiklerin hidroksil gruplariyla ester kompleksleri
olugturur. Ancak bor ve borik asidin biyokimyasal
mekanizmasi tam olarak bilinmemektedir [10,19,20].
BAnin kalsiyum, magnezyum, D vitamini, aldehit
dehidrojenaz, ksantin oksidaz, sitokrom b rediktaz,
insulin, &strojen, testosteron, T3, T4, trigliserit ve
glukoz metabolizmasini etkiler ve ayrica antioksidan
aktiviteye sahiptir [21,22].

Kuersetin (KUE), elma, cay, sogan, findik ve ceviz
gibi meyve ve sebzelerde bol miktarda bulunan bir
flavonoiddir [23]. Dogrudan radikal stpurici aktiviteleri
ve antioksidan enzimlerin indiklenmesi nedeniyle
tim flavonoidler arasinda en gli¢li antioksidanlardan
biridir [24,25]. Deneysel ¢alismalarda, siganlarda PH
tedavisinde ve rotenon kaynakli ¢alismalarda KUE'nin
motor defisitleri ve biyokimyasal ve ndrotransmitter
degisikliklerini hafiflettigi gdzlemlenmistir [26,27].
KUE'nin ayrica serbest radikalleri baskilayarak ve

glutatyon peroksidaz, superoksit dismutaz (SOD)
ve katalaz dahil olmak Uzere antioksidan enzimlerin
seviyelerini arttirarak farelerde karaciger hasarini
hafiflettigi gozlemlenmistir [28,29].

Bu calismanin amaci, Ulkemizin 6nemli dogal
kaynaklarindan biri olan ve néro-koruyucu etkiye sahip
olabilecegini distindigimuiz BA ve ozellikle bitkisel
besinlerde bol miktarda bulunan gugli bir antioksidan
olan KUFE’in birlikte uygulanmasinin bu hastalgin
olusum ve gelisimi Gzerine dnleyici etkisini arastirmak
ve tedaviye yonelik katki saglamak olacaktir.

2. Malzemeler ve Yontemler (Materials and Methods)
2.1. Hayvanlar (Animals)

Bu calismada 200-250 g agirhginda 56 adet 3 aylik
erkek Wistar-Albino sigcan kullaniimistir.  Siganlar
ad libitum olarak beslenerek 12 saatlik aydinlik-
karanlik periyodunda, uygun laboratuvar kosullarinda
muhafaza edilmistir. ilgili etik kurul onayi, Uskiidar
Universitesi Hayvan Deneyleri Yerel Etik Kurulu'ndan
alinmistir (UU-HAYDEK 2021-07).

2.2. Deney Protokolii (Experimental Protocol)

Deneysel gruplar (n=7) Tablo 1’de verilmistir. Kontrol
grubuna deney suresince 35 glin aygicek yagi (1mL/
kg deri alti (sc)) ve Grup 2'ye 35 glin sireyle ROT 2
mg/kg/gin tek doz sc olarak verilmigtir [4]. Hayvan
deneyleri sonunda bir gecelik agliktan sonra anestezik
ajan olarak ketamin ve ksilazin uygulanmigtir. Beyin
doku drneklerindeki Glutatyon (GSH) ve Malondialdehit
(MDA) seviyeleri manuel yontemle ve bu érneklerdeki
Total Antioksidan Durum (TAS) seviyeleri ticari kit
kullanilarak belirlenmistir. Siganlarin biligsel islevlerini
degerlendirmek i¢in Parkinson modelinde siklikla
kullanilan davranis testleri olan Lokomotor Aktivite
(LMA) ve Nesne Tanima Test (ORT)’leri uygulanmistir.

Tablo 1. Experimental groups (n=7).

Grup ROT BA KUE
Adi  (mg/kg/giin) (mg/kg/giin) (mg/kg/giin)
Grup 1 - - -
Grup 2 2 - -
Grup 3 - 50 -
Grup 4 - - 30
Grup 5 - 50 30
Grup 6 2 50 -
Grup 7 2 - 30
Grup 8 2 50 30
2.3. Biyokimyasal Parametreler (Biochemical
Parameters)

2.3.1. TAS 6l¢iimii (Measurement of TAS)

Beyin dokusu o6rneklerinde TAS'In belirlenmesi:
TAS Assay Kiti (Rel-Assay, Gaziantep, Turkiye) vit.
E analogu olan Trolox standart olarak kullanilarak
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OlcUimustar.
2.3.2. GSH él¢iimii (Measurement of GSH)

Beyin dokusu 6rneklerinde GSH tayini: Ellman reaktifi
ile elde edilen renkli bilesik spektrofotometrik olarak
degerlendirilmistir [30].

2.3.3. MDA él¢iimii (Measurement of MDA)

Beyin doku orneklerinde MDA tayini: Lipid
peroksidasyonunun (LPO) sonucu olusan MDA pembe-
kirmizi renk reaksiyonu sonucu spektrofotometrik
olarak dlgulmustar [10].

2.4. Davranig Deneyleri (Behavioral Assessment)

2.4.1. Lokomotor aktivite testi (Locomotor activity
test)

Lokomotor aktivite testinde deney duzenegindeki
deney ve kontrol gruplarindaki si¢anlarin lokomotor
aktiviteleri Uskidar Universitesi Deneysel Arastirma
Birimi (USKUDAB) lokomotor aktivite, acik alan
hareket goérintileme sistemi ile olglilmustir. LMA
testi; 40x40x30 cm (MAY 9908, Commat Ltd., Ankara,
Turkiye) Olgulerinde ses gecirmez dokuz odal acik
alan aktivite izleme sisteminde gerceklestirilmistir [31].
LMA, 30 dakikalik uzun test siresi icin "hareket edilen
toplam mesafe" miktari belirlenerek olgtlmustir [31].
Sistem kizilotesi fotosellere sahiptir. Hesaplamalar
bilgisayara 0,1 dogrulukla aktarilir. Test sonucunda
her bir hayvanin kat ettigi toplam mesafe, hareketsiz
kaldigi sure ve yetistirme sayisi kaydedilir. Deneklerin
aktivitesi, otomatik bir video izleme cihazi ve yazilimi
(Noldus, Ethovision v3.1, Hollanda) tarafindan izlenmis
ve analiz edilmistir [32].

2.4.2. Nesne tanima testi (Object recognition test)

Yeni nesne tanima testi olarak da bilinen ORT;
farelerde farkh 6grenme ve hafiza asamalarini test
etmek icin nispeten hizli ve etkili bir aragtir. ORT'nin
diger kemirgen hafiza testlerine goére ana avantajl,
kemirgenlerin yeniligi kesfetme konusundaki dogal
egilimlerine dayanmasidir [33]. Testin temel mantigi,
teste maruz kalan hayvanlarin ilk karsilastiklari
nesneyle degdil, yeni karsilastiklari nesneyle vakit
gecirmelerine  dayanmaktadir.  Aralikh  olarak
gerceklestirilen bu testin ilk asamasinda hayvanin
(40x40x%40) ilk nesil ile tarlada 5 dakika vakit gecirmesi
ve onu tanimasi saglanacaktir. Bir saat sonra ayni
cisim ve farkl bir cisim birbirinden esit uzaklikta
olacak sekilde alana eklenecektir. Deneyde olgulecek
parametreler, denegin ilk temas ettigi nesne ve her
iki nesneyle gegcirdigi toplam sure olacaktir. Deneyde
kullanilan her iki nesne de vyukseklik ve hacim
bakimindan tutarlidir, ancak renk ve sekil bakimindan
farkhlik gosterir [23].

2.5. Istatistiksel Analiz (Statistical Analysis)

istatistiksel analizlerde GraphPad Prism 9 versiyonu

kullaniimistir. Deg@erler, tek yonlii ANOVA ile istatistiksel
olarak analiz edildi, gruplar arasindaki farkhliklar
Uncorrected Fisher's LSD testleri kullanilarak
belirlendi. p<0,05 istatistiksel olarak anlamli kabul
edilmigtir.

3. Sonuglar ve Tartisma (Results and Discussion)
3.1. Sonuglar (Results)

3.1.1. Biyokimyasal degerlendirme (Biochemical
assesment)

Sekil 1'de gorildugu gibi TAS duzeyleri gruplar
arasinda istatistiksel olarak anlamli bir farkhlik
goOstermistir  (p=0,0007). Anlamli farklihdin hangi
gruplar arasinda oldugunun belirlenmesi amaci ile
yapilan Uncorrected Fisher's LSD test sonuglarina
gore TAS duizeyleri ROT grubu ile BA (p<0,0001),
KUE (p<0,0001), BA+KUE (p<0,0001), ROT+BA
(p<0,0001), ROT+KUE (p<0,0001), ROT+BA+KUE
(p<0.0001) gruplari arasinda istatistiksel olarak
anlamli bir farklihk gdéstermistir. KONTROL grubu
ile ROT (p=0,0002), BA (p=0,0341), ROT+BA (p=
0,0138), ROT+KUE (p=0,0315), ROT+BA+KUE
(p=0,0124) gruplarn arasinda ise istatistiksel olarak
anlamh bir farkhlik gostermistir. Sonug olarak BA ve
KUE’nin antioksidan kapasite Uzerine olumlu etkiler
yaparak TAS seviyelerinde etkili oldugu gosterilmistir
(**** p<0,0001, *p <0,05).

2,0

1,57
1,0
0,0
00—Fr——F— 71— T T 1 — 71T —71—

“*O NON *\)% ‘4‘0 ’\*%P«xv“\> w@?‘

TAS (mmol Trolex Equiv/L)

(\
$0

Sekil 1. TAS sonuglari. TAS dlzeyleri gruplar arasinda
istatistiksel olarak anlaml bir farklilik gostermistir. (****
p<0,0001, *p <0,05). (Results of TAS. TAS levels showed a
statistically significant difference between the groups (****
p<0.0001, *p <0.05)).

Sekil 2’de goéruldigu gibi GSH ortalamalari gruplar
arasinda istatistiksel olarak anlamli bir farkhhk
gostermistir (p=0,0016). Buna gbére GSH dizeyleri
ROT+BA+KUE grubu ile KONTROL (p=0,0018), ROT
(p=0,0001), BA (p=0,0032), KUE (p=0,0011).BA+KUE
(p= 0,0005), ROT+BA (p=0.0011), ROT+KUE
(p=0.1810) gruplari arasinda istatistiksel olarak anlaml
bir farklihk gostermistir. ROT+KUE grubu ile ROT
(p=0,0062), KUE (p= 0,0397), BA+KUE (p=0,0224),
ROT+BA (p=0.0384) gruplari arasinda da anlamli bir
farkhlik gdstermistir. Ayni zamanda ROT grubunda
KONTROL grubuna kiyasla GSH duzeylerinde bir
azalma go6zlenmis ancak bu azalmanin istatistiksel
olarak anlamli olmadigi saptanmistir (p= 0,3667).
Bu calismada ROT grubuna kiyasla ROT+KUE ve
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ROT+BA+KUE gruplarinda GSH duzeylerinde artis
oldugu tespit edilmistir (*** p<0,001, ** p<0,01, *p
<0,05).

40

w
o
1

204

GSH (mmol/g)

0@‘29 & *‘&v*& x‘?"* \L‘fV \Lo‘v
Q\

<z~°
Sekil 2. GSH sonuglari. GSH dizeyleri gruplar arasin-

da istatistiksel olarak anlamli bir farkliik gostermigtir (***
p<0,001, ** p<0,01 *p <0,05). (Results of GSH. GSH levels
showed a statistically significant difference between the
groups (*** p<0.001, ** p<0.01, *p <0.05)).

Sekil 3'te gorildigu gibiMDAdUzeylerigruplararasinda
istatistiksel olarak anlamh bir farklilik goéstermistir.
Buna gore MDA duzeyleri ROT grubu ile KUE
(p=0,0704), BA+KUE (p=0,0031), ROT+BA (p=0,089)
gruplari arasinda istatistiksel olarak anlamli bir farklilik
gostermigti. KONTROL grubu ile kiyaslandiginda
ROT grubunda MDA dizeylerinde bir artis gézlenmis
ancak bu artisin istatistiksel olarak anlamli olmadigi
saptanmistir (p=0,1326). Tim sonuglar incelendiginde
ROT grubuna kiyasla BA ve KUE'nin MDA duzeylerini
anlaml derecede azalttigi gortlmektedir (** p<0,01, *p
<0,05).
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Sekil 3. MDA sonuglari. MDA diizeyleri gruplar arasinda
istatistiksel olarak anlaml bir farklilik géstermistir (** p<0,01
*p <0,05). (Results of MDA. MDA levels showed a statisti-
cally significant difference between the groups (** p<0.01,
*p <0.05)).

3.1.2. Davranig deneyleri (Behavioral assessment)
3.1.2.1. Nesne tanima testi (Object recognation test)

Sekil 4’'te goruldugu gibi obje tanima testinin kesif
sureleri ortalamalari KONTROL Ozdes Obje ile
KONTROL Yeni Obje (p=0,0239), BA Ozdes Obje
ile BA Yeni Obje (p=0,0096), arasinda istatistiksel
olarak anlamli bir farklilik géstermistir. ROT grubunun
yeni nesneyi tanima bellegindeki artisa bakildigi
zaman ROT’un beyinde oksidatif hasara yol agtigini

fakat 6grenme belledinde kalici zararlara yol
acamayabilecegi seklinde yorumlayabiliriz (**p<0,01,
*p <0,05). Buna gore obje tanima testinin kesif sireleri
ortalamalari ROT+BA Ozdes Obje ile ROT+BA Yeni
Obje (p= 0,0367) arasinda istatistiksel olarak anlaml
bir farklihk gdstermistir (**p<0,01, *p<0,05).
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Sekil 4. a) Obje tanima testi kesif sureleri, b). Obje tanima
testi diskriminasyon orani. Istatistiksel olarak obje tanima
diskriminasyon orani KONTROL grubu ile KUE (p=0,0310)
grubu arasinda anlamh bir farklilik géstermistir (*p<0,05).
(a).Object recognation test discovery times, b).Object
recognation test discrimination rate. Statistically, object
definition discrimination rate showed a significant difference
between CONTROL group and CUE (p=0.0310) group
(*p<0.05)).

3.1.2.2. Lokomotor aktivite testi (Locomotor activity

test)

Sekil 5’'de 5 dakikalik lokomotor aktivite ortalamalari
incelendiginde ROT+KUE sirasiyla;

KONTROL (p=0,0039), ROT (p=0,0176), KUE
(p=0,0187), BA+KUE (p=0,0010), ROT+BA
(p=0,0105), ROT+BA+KUE (p=0,0221) gruplari

arasinda ve de BA grubu ile BA+KUE (p=0,0401)
gruplari arasinda istatistiksel olarak anlamli bir farkhlik
g6zlenmistir (*p<0,01).
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Sekil 5. Lokomotor aktivite ilk bes dakika sonuglari.

ROT grubunun sonucunun KONTROL grubuna yakin
¢tkmasi ROT maddesinin hayvanlarda kesif duygularini
koreltmedigini dustindirmektedir (*p<0,01). (Locomotor
activity first five minutes results. The result of the ROT
group being close to the CONTROL group suggests that
the ROT substance does not blunt the sense of discovery in
animals (*p<0.01)).

3.2. Tartisma (Viscosity Measurements)

Fernandes ve ark. (2012) [34] yaptigi calismaya
benzer sekilde bu c¢alismada davranisg testleri
incelendiginde obje tanima testinde 6zdes obje slresi
g6z 6nune alindiginda ROT grubunda hareket ve kesif
duygularinin kdreldigi gézlemlenmistir. Ayni zamanda
lokomotor aktivite testi deneysel c¢alismalarda
uygulanan kimyasal ajanlarin motor hareketlilik
Uzerine etkilerini tespit etmede tercih edilen bir testtir.
Bu asamada motor hareketliligi artan bir siganda kesif
duygusunun da arttigi bilinmektedir. Bu calismada
lokomotor aktivite testinin KONTROL grubuna kiyasla
ROT grubunda artisi ile obje tanima testinde de ROT
grubunda 6zellikle yeni obje tanima kesif siresinde
artis gozlenmistir. Ancak kesif duygusundaki artis
deney hayvaninin her zaman sunulan objeyi taniyacagi
anlamina da gelmemektedir. Bu bilgiler dogrultusunda
0zdes obje slresi yoninden degerlendirildiginde, bu
¢alismada deneysel Parkinson modelinin olusumunun
saglandigi degerlendirilmistir.

Bu c¢alismada uygulanan BA dozu Ayhanci ve
ark’nin calismasinda belirtildigi gibi herhangi bir
toksik etki gdstermemektedir. BAnn LD50 degerinin
yaklasik 1700-3450 mg/kg oldugu bildiriimistir [35].
Benzer sekilde yapilan bir galismada siagn pellet
yemine 100 mg/kg BA ilavesinin hayvanlarda toksik
olmadig! ifade edilmistir [21,36-38]. Kar F ve ark.
yaptiklari bir bagka c¢alismada iskemi-reperfliizyon
modeli olusturulan bobrek dokusunda BAnin farkl
dozlarinin etkileri degerlendirilmistir. 50, 100 ve 200
mg/kg BA g farkh doz uygulamasi (intraperitoneal)
sonucu boébrek dokusunda 200 mg/kg ylksek doz
BA uygulamasinin MDA dizeylerini azaltirken, GSH,
Slperoksit dismutaz ve Katalaz duzeylerini arttigini
belirlemislerdir [36]. Yapilan literatlr taramasi sonucu
calismalarda genellikle kisa sureli (7 gun) doz
uygulamasi yapilmigken, bu ¢alismada dustk doz BA'i
(50 mg/kg) 35 gun sulre ile kronik olarak uygulama
uygun gorulmustdr.

Bununla birlikte Serdaroglu- Kasikci E c¢alismasinda

yaslanma modeli olusturulan siganlarda KUE'nin
oksidatif stres Uzerine etkilerini degerlendirmis ve
yaslanma slrecinde 30 mg/kg/giin KUE uygulamasinin
beyin doku o&rneklerinde GSH duzeylerini ve SOD
aktivitesini artirdigi, MDA ve Nitrik oksit dizeylerini
azalttigr  belirtiimisgtir  [7]. Yapilan c¢alismalarda
rotenonla olusturulan Parkinson modelinde GSH,
SOD, Katalaz ve serum demir duzeylerinin azaldigi,
hidrojen peroksit ve LPO aktivitesinin arttigi ifade
edilmigti. Ayni zamanda benzer bir calismada
KUE’nin tedavi amach kullanilan levodopanin yan
etkilerini de azalttigi gosterilmigtir [39,40]. Joseph ve
ark. 2015 yilinda yaptigi bir calismada 21 gun sire ile
ROT uygulanan Parkinson modelinde beyinde MDA
dizeylerinde artis oldugu gosterilmistir. Bununla birlikte
GSH beyinde en fazla bulunan antioksidan tioldir ve
Parkinsonlu hastalarin dopaminerjik néronlarinda GSH
dizeylerinin azaldigi ve bu azalmanin artmis oksidatif
stresle iligkili oldugu bilinmektedir. Bu ¢alismada balik
yagi ve KUE kombine tedavisinin ROT ile uyariimis
oksidatif makerlari onardigi gosterilmigstir [41].

Yapilan galismalara benzer sekilde bu ¢galismada ROT
uygulanan gruplarda KONTROL'e kiyasla GSH ve
TAS duzeylerinin azaldigi, aksine MDA dizeylerinin
arttigi tespit edilmigtir. Bu sonuglar bu calismada
olusturulmus olan Parkinson modelinde oksidatif
stres surecinin olumsuz etkilerini gdstermektedir.
Ayni zamanda ROT ile birlikte BA, KUE ve BA+KUE
kombine uygulanan gruplarin ROT grubuna kiyasla
MDA dizeylerindeki azalmanin bu sirece olumlu
katkilar sagladigi gérilmektedir.

4. Sonuglar (Discussion)

Bu calismada BAnin ve KUE’nin oksidatif stres
belirtegleri ve davranis testleri lzerine olan etkileri
arastinlmigtir. Calismanin sonucunda BA ve KUE’nin
kombine uygulanmasinin lipid peroksidasyonu
Uzerine olumlu etkiler sergiledigi gozlenmistir. Bu
sonug BA'nin takviye gida olarak kullanilabilecegini
de anlamli kilmaktadir. Ayrica KUE'nin antioksidan
etkileri bircok metabolik ve noérodejeneratif hastalik
modellerinde gdsterilmistir. Fakat BA'nin o6zellikle
norodjeneratif bozukluklar tzerine etkilerini gdsteren
¢okazcalismabulunmaktadir. Dolayisiile elde ettigimiz
verilerin kronik BA uygulamasinin olumlu etkilerinin
altinda yatan metabolik mekanizmalarin daha iyi
anlagiimasina katki saglayacagi degerlendirilmistir.
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Bu galismada, toz metalurjisi yontemi ile hazirlanan, farklh oranlarda (hacimce % 0, 10
ve 20) B,C pargacik takviyeli Al-%10Cu ana yapili kompozit malzemenin sinterleme
sonrasl yogunluguna, takviye orani, sikistirma basinci ve sinterleme sicakliginin etkisi
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en ylksek etkiye, takviye oraninin da gorece disik etkiye sahip oldugu gozlemlenmigtir.
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temperature on the post-sintering density of Al-10%Cu matrix composite material with B,C
particle reinforcement at different ratios (0, 10 and 20% by volume) prepared by powder
metallurgy method was investigated. High purity alloy and ceramic powders were used for
composite production, the obtained homogeneous mixture was compressed in a cold press
and sintered in a tube furnace. The effect of the variables on the density after sintering
was investigated using the Taguchi experimental design method. For this purpose, the L9
orthogonal experimental design, which is the most suitable Taguchi design for the process,
was chosen and the experiments were carried out according to this matrix. According to
the S/N ratio responses obtained as a result of the analyzes made with this design, it
was observed that the compression pressure had the highest effect and the reinforcement
ratio had a relatively low effect. As a result of the Taguchi experimental design and the
regression analysis, it was concluded that the regression model was within the 95%
confidence interval.
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1. Girig (Introduction) takviyeli metal esasli kompozitler, sagladiklari iyi
asinma direnci, ylUksek yuk tasima kapasitesi ve
distk yogunluk gibi avantajlarindan dolayi 6zellikle
tribolojik uygulamalari olmak Uzere havacilik, elektrik-

elektronik, otomotiv, savunma gibi birgok farkli alanda

Metal esasli kompozitler sahip olduklari yUksek
tokluk, dayanim ve sil kararlihklari ve Ustin
yuksek sicakhk 6zellikleri ile yeni nesil mihendislik

malzemeleri arasinda 6ne c¢ikmaktadir [1-6]. Metal
esasli kompozitlerde, sirekli/kisa elyaflar, 6zlif (visker)
ve seramik parcaciklar (bor, karbon, silisyum karbur
ve alimina) takviye malzemesi olarak kullanilirken,
ana yap! malzemesi olarak aliminyum, magnezyum,
titanyum alasimlari gibi hafif metaller ya da bazi stper
alasimlar yaygin olarak kullaniimaktadir. Pargacik

da tercih edilmektedir [7-14].

Aliminyum (Al) esasli kompozitler, Al alasimlarina
kiyasla ¢ok daha dusuk 1sil genlesme katsayisina ve
yuksek 6zgul mukavemete, asinma ve isil dirence
sahip malzemelerdir [15-18]. Bunun yaninda Al
esasli kompozitler hafiflik, montaj dayanimi, stneklik,

*Corresponding author: mehmeteker@tarsus.edu.tr

92


https://orcid.org/0000-0002-1116-6327
https://orcid.org/0000-0002-6785-1710

Zalaoglu D. and Eker M. / BORON 8(3), 92 - 98, 2023

yuksek young moduli ve iyi isil iletkenliklerinden
dolay! elektronik ve havacilik uygulamalarinda da yer
bulmaktadir. [19,20]. Al esasli kompozitlerde, Ustiin
mekanik 6zelliklere ve son derece yuksek sertlige sahip
alimina (ALO,), bor karbir (B,C) ve silisyum karbir
(SiC) gibi seramik parcaciklar takviye malzemesi
olarak tercih edilmektedir [21]. Bunlar arasindan B,C
parcaciklari ile elde edilen Al esasli kompozitler de
yuksek sertlik ve mukavemet, disuk yogdunluk, iyi
erozyon direnci ve asinma dayanimi gibi ézellikler ile
muikemmel yapisal basarima sahip parcacik takviyeli
metal esasli kompozit malzemelerdir [22-24]. Al esasli
kompozitlerde ana yapi alasimi olarak kullanilan Al-
Cu alasimlari ise disuk agirlik, yiksek mukavemet ve
islenebilirlikleri ile havacilik ve otomotiv endustrisinde
bazi uygulamalarda kullanilan c¢eligin yerini almak
icin 6nemli bir aday olarak kabul edilmektedir [25,26].
Ayrica TiC, TiN, SiC gibi nano pargacik takviyeli ve
Al-Cu ana yapili kompozitler, Al-Cu alasimina goére
daha yiksek dayanim ve slneklik 6zelliklerine sahip
malzemelerdir [27-30].

Kompozit malzemelerin Uretiminde, istenilen en iyi
Ozelliklerin elde edilmesi igin degiskenlerin optimum
degerlerinin  belirlenmesi  gerekmektedir.  Uretim
ydntemi, ana vyapi, sinterleme sicakhdi, takviye
turd ve orani, sikistirma basinci gibi ¢ok sayida
belirlenmesi gereken degisken bulunmaktadir. Bu
degdiskenlerin bircogu birbirileri ile etkilesim halinde
oldugundan kompozit malzeme &zelliklerinin nasil
etkilendigini analiz etmek gerekmektedir. Bu amag ile
bagimh degiskenin, bir ya da birden fazla bagimsiz
degiskenden nasil etkilendigini incelememizi saglayan
ve bir sire¢ tasarimi olan Deney tasarimi (Design
of Experiment, DoE) teknikleri kullaniimaktadir.
Taguchi yontemi ise temeli deney tasarimi
tekniklerine dayanan, deneylerin gerceklestiriimesi
ve degerlendiriimesi ile verimliligi arttiran  bir
yontemdir. Ayrica geleneksel deney tasariminda
kontrol edilemeyen ve acgiklanamayan degiskenlerin
kontrolind saglamaktadir. Taguchi yénteminin amaci
ise, en az deney ve en dusuk maliyetle kaliteli Grin
ve slre¢ gelistirmektir [31]. Taguchi ydnteminde
sinyal (S) gurultd (N) orani adi verilen bir katsayi ile
yapilan deney sonuglari yorumlanmaktadir. Sinyal/
Gurdltd (S/N) analizi, sonuglarin degisimleri yoluyla
islem kosullari icin en saglikh grubu belirler. Taguchi,
degiskenlerin en uygun seviyelerinin belirlenmesi
icin uygulamadaki problemleri hedefin tirline gore;
en kucglk en iyi, en blyuk en iyi, hedef deger en iyi
olmak tzere Uge ayirmistir. Bu sayede, S/N oranini Ug
problemin hepsinde en yiuksek degere cikarirken, bir
yandan sinyali arttirmak, diger yandan ise varyasyonu
azaltmak amaclanmaktadir [32].

Yapilan galismada, AlICu-B,C kompozitlerin sinterleme
sonrasi deneysel yogunluklari Uzerine, takviye hacim
orani, sikistirma basinci ve sinterleme sicakliklar
degiskenlerinin etkileri analiz edilmistir. Analiz islemleri
icin Taguchi deney tasarimindan faydalaniimis ve
analizlerigerceklestirmekamaciiletanimlananhacimce
B,C takviye orani, sikigtirma basinci ve sinterleme

sicakhgr parametreleri bagimsiz degisken, ortalama
sinterleme sonrasi deneysel yogunluk ise bagimli
degigken olarak alinarak deneyler planlanmigtir. B,C
parcacik takviyeli AICu ana yapili kompozitler toz
metallrjisi yontemlerinden biri olan soguk sikistirma
ve sinterleme yontemiyle elde edilmigtir.

2. Malzemeler ve Yontemler (Materials and Methods)
2.1. Malzemeler (Materials)

Yapilan ¢alismada, Al-10Cu (agirlikga %10 Cu) ana
yapili ve hacimce %0, 10 ve 20 B,C pargacik takviyeli
kompozit malzemeler, toz metallrjisi yontemi ile
hazirlanmistir.  Kompozit numunelerin Uretiminde
kullanilan, Sigma Aldrich ve Alfa Aesar firmalarindan
tedarik edilmig Al (-325 mesh), Cu (<75 um) ve B,C
(-325 mesh) tozlari, %90 Uzeri safliga ve sirasi ile 2,7
g/cm?, 8,96 g/cm?® ve 2,52 g/cm?® yogunluk degerlerine
sahiptir. Hazirlanan kompozit numunelerin teorik
yogunluklari hesaplanmistir. Buna gore, Al-10Cu,
Al-10Cu-%10B,C ve Al-10Cu-%20 B,C igin teorik
yogunluk degerleri sirasi ile 2,903 g/cm?, 2,865 g/cm?®
ve 2,826 g/cm? olarak belirlenmisgtir.

2.2. Yéntemler (Methods)

Uretim asamasinda ise ilk olarak, RADWAG marka
hassas terazi ile tozlarin belirlenen oranlarda tartiimig
ve hazirlanan tozlarin homojen hale getiriimesi amaci
ile TURBULA T2F Kkaristiricida 3 saat karistirma
islemi  gerceklestirilmisti. Sonrasinda, belirlenen
oranlarda hazirlanan toz karisimlari, farkh sikistirma
basinglarinda (200, 500 ve 800 MPa) soguk pres ile
sikistirilmistir. Soguk pres esnasinda @1,3 cm’lik
yuvarlak ve 1,3x1,3 cm boyutlarinda kare olmak lizere
iki farkli kalip kullaniimigtir. Kullanilan masa tipi soguk
preste yuvarlak kalipta 200 MPa sikistirma basincina
distlemediginden dolayi bu basing i¢in daha fazla
ylzey alanina sahip kare kalip tercih edilmistir. En son
asamada ise sinterleme islemleri gergeklestirilmigtir.
islemler, argon atmosferinde PROTHERM marka
laboratuvar tipi tip firin ile yapilmistir. Sinterleme
islemleri, her sikistirma basinci igin 320, 480 ve 600°C
olmak Uzere 3 farkh sicaklikta gerceklestiriimistir.
Sinterleme sonrasi elde edilen bazi numunelere ait
goruntuler ise Sekil 1’de verilmektedir.

800 APa

Sekil 1. Sinterleme islemi sonrasi elde edilen numuneler
(Samples obtained after sintering process).

93



Zalaoglu D. and Eker M. / BORON 8(3), 92 - 98, 2023

Taguchi ydontemine goére tasarlanan ve tamamlanan
Uretim asamasindan sonra sinterlenmis numunelerin
yogunluk o&lgiimleri yapilmistir. Yogunluk olgimleri,
ASTM B962-17 [33] standardina gore hassas teraziye
bagl bir Arsimet kiti yardimiyla gerceklestirilmigtir.

Al-10Cu ana yapili B,C pargacik takviyeli kompozit
numuneleri icin tanimlanan degiskenlerin sinterleme
sonrasi deneysel yogunluk Gizerindeki etkilerinin analizi
icin Taguchi deney tasarimindan faydalaniimigtir.
Hacimce B,C takviye orani, sikigtirma basinci ve
sinterleme sicakligi parametreleri, bagimsiz degisken
ve sinterleme sonrasi ortalama deneysel yogunluk
ise bagimli degisken alinarak deneyler planlanmigtir.
Kompozit Uretiminde kullanilan deney parametreleri ve
seviyeleri Tablo 1'de listelenmigtir. Bu parametrelerin
en uygun degerlerinin  secilmesi ile kompozit
yogunlugunun iyilestiriimesi mimkun olabilecektir.

Tablo 1. Deney parametreleri ve seviyeleri (Experimental
parameters and levels).

Sem- Seviye Seviye Seviye

Parametre bol 1 2 3

Hacimce % B,C Orani A 0 10 20
Sikigtirma Basinci (MPa) B 200 500 800
Sinterleme Sicakhgi (°C) C 320 480 600

Tablo 1’de verilen parametre ve seviyelere en uygun
Taguchi tasarimi olan L9 ortogonal deney tasarimi
secilmistir. L9 deney tasarimi ve uygun olarak yapilan
deneylere ait sonuglar, Tablo 2’de verilmistir.

Tablo 2. Taguchi L9 deney tasarimi ve sonuglari (Taguchi
L9 design of experiment and results).
Deney

Sinter Yogunlugu

Numarasi A B c (g/cm?®)
1 0 200 320 2,5749
2 0 500 480 2,8405
3 0 800 600 2,6479
4 10 200 480 2,5306
5 10 500 600 2,4481
6 10 800 320 2,7695
7 20 200 600 2,3700
8 20 500 320 2,5450
9 20 800 480 2,6308

3. Sonuglar ve Tartisma (Results and Discussion)

Taguchi ydntemi ile dnerilen matrise uygun deneyler
gerceklestiriimis ve sinterleme islemi sonrasi deneysel
yogunluk degerleri elde edilmistir. Degiskenlerin
sonuglar Uzerindeki etkinligini belirlemek igin S/N
oranlarindan faydalaniimistir. Buna goére sinterleme
sonrasi ortalama deneysel yogdunluk degerleri
ve sinterleme igslemi sonrasi ortalama deneysel
yogunluklarin S/N oranlari igin ana etki grafikleri sirasi
ile Sekil 2’de gosterilmigtir.

Takviye Orani Sikistirma Basinci  Sinterleme Sicakhgi

Tahmini Sinter Yogunlugu

2,50

T T T T T T T T T
0 10 20 200 500 800 320 480 600

Takviye Orani Sikistirma Basinci  Sinterleme Sicakligi

(b)

-7,9
-8,0
-8,1

-8,2

-8,37]

-8,4

Ortalama S/N Orani

8,5

-8,6 1

T T T
. ) 0 10 20 200 500 800 320 480 600 |
Sekil 2. a). Sinterleme sonrasi ortalama yogunluk degeri

icin ana etki grafigi, (a).Main effect plot for average density
value after sintering, b).Sinterleme sonrasi ortalama
yogdunluklarin S/N oranlari icin ana etki grafigi (b).

Main effect plot for S/N ratios of average densities after
sintering).

Ayrica, sinterleme islemi sonrasi deneysel yogunluk
degerleri ve sinyal/gurilti oranlari igin elde edilen
yanitlar Tablo 3’te verilmektedir. Taguchi yontemi ile
tasarlanan deneyler sonucu elde edilen kompozitler
icin  sinterleme  sonrasi  ortalama  deneysel

Tablo 3. Ortalama sinter yogunlugu ve sinyal/guriltt oranlari igin yanitlar (Responses for average sinter density and signal-

to-noise ratios).

Ortalama Sinter Yogunlugu

Ortalama yogunluklar igin yanitlar

Sinyal/Giiriiltii oranlari igin yanitlar

Takviye Sikigstirma Sinterleme

Takviye Sikigtirma Sinterleme

Seviye Orani Basinci __ Sicakhigi Seviye Orani Basinci _ Sicakhgr
1 2,688 2,492 2,630 1 -8,580 -7,925 -8,392
2 2,583 2,611 2,667 2 -8,230 -8,319 -8,511
3 2,515 2,683 2,489 3 -8,004 -8,569 -7,910
Delta 0,172 0,191 0,179 Delta 0,577 0,644 0,602
Rank 3 1 2 Rank 3 1 2
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yogunluklar Argimet yontemi ile O&lgclimastar. Tam
istatistiksel analizler Minitab 19 pragrami kullanilarak
gerceklestirilmistir.

Etki onceligi siralamalari (rank) delta degerlerine
gore verilmistir. Delta degerleri, kontrol faktdrinun
degerindeki genel degisikligi temsil eder. Ortalama
sinterleme sonrasi deneysel yogunluk ve S/N orani
yanitlari bakimindan sikistirma basincinin delta degeri
en buyuk oldugu icin siregte en fazla etkiye sahip
oldugu soylenebilir. Elde edilen kompozitin sinterleme
sonrasi deneysel yogunlugu Uzerinde sikistirma
basincinin en ylksek etkiye, takviye oraninin da diger
degiskenlere gore daha dusuk etkiye sahip oldugu
gdzlenmektedir. Her bir faktor icin elde edilen en iyi
sonugclar koyu renkle belirtiimistir. Buna gére, A3B1C3
denklemi (eslesme) optimum sartlarin saglandigi
degerlerdir. Dolayisiyla, takviye oraninin 3. seviyesi
olan hacimce %20, sikistirma basincinin 1. seviyesi
olan 200 MPa ve sinterleme sicakliginin 3. seviyesi
olan 600°C secilmesi halinde optimum seviyeye
ulasiimaktadir. En 6nemli faktor olan B faktorinin
(sikistirma basinci) seviyesi degistiginde yanitta da
onemli bir dedisme meydana gelecektir. Ortalama
yogunluk ve S/N orani yanitlarina bakildiginda Delta
degeri (maksimum ve minimum degerler arasindaki
fark) en dusuk olan faktor goreceli olarak daha az
etkiye sahip faktdrdur. Bagka bir deyisle, bu faktoérin
seviye degerleri arasindaki degisim, yanitlari en az
seviyede etkilemektedir. Yapilan deneylere gbére en
az etkiye sahip faktor 0,172 ve 0,577 degerleri ile A
faktori (hacimce %B,C orani) olarak belirlenmistir.
Bu sonuclar, Sekil 2’de sinterleme sonrasi ortalama
deneysel yogunluk degeri icin ana etki grafiginde en
dusuk yogunluk degerlerini isaret etmektedir. Benzer
sekilde, dedisken icin hesaplanan S/N oranlarinin en
yuksek oldugu durumlari gésteren seviyeler Sekil 2'de
verilmektedir. Her bir faktor icin en disuk deneysel
yogunlugu ve en yiksek S/N oranini veren seviyeler
(ortalama deneysel yogdunlugun en dusik oldugu
deney sonucu) igi bos daireler ile gdsterilmistir.

Faktorler arasindaki etkilesimin sinterleme sonrasi
deneysel yogunluk Uzerindeki etkisinin gorilebilmesi
icin Sekil 3'te verilen iki boyutlu (2D) kontur grafikleri
cizdirilmistir. Takviye orani-sikistirma basinci etkilesim
grafigine (Sekil 3a) gore %20’lik takviye orani ve 200
MPa sikistirma basincinda, takviye orani sinterleme
sicakhgi etkilesim grafigine (Sekil 3b) gore %20’lik
takviye orani ve 600°C sinterleme sicakliginda ve
sikistirma basinci ve sinterleme sicakhigi etkilesim
grafigine (Sekil 3c) gére de 200 MPa ve 600°C sicaklikta
en duslk sinterleme sonrasi deneysel yogunluk elde
edildigi gézlenmektedir. Ayrica kontur grafiklerindeki
dagilimlar  incelendiginde, sikistirma  basinci-
sinterleme sicakligi faktorlerinin en ¢ok etkilesimde,
takviye orani-sikistirma basinci faktorlerinin ise en az
etkilesimde oldugu sonucu elde edilmistir.

incelenen literatiir calismalarinda da parcacik takviyeli
kompozit numunelerin toz metalurjisi Uretiminde
degiskenlerin yogunluk, sertlik ve baska mekanik
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M2,40-2,45 ™2,50-2,55 = 2,60-2,65 2,70-2,75 M >2,80

Sekil 3. Faktorlerin sinterleme islemi sonrasi ortalama
yogunluk Uzerine etkisi (Effect of factors on average density
after sintering)of average densities after sintering).

Ozellikler Uzerindeki etkisi Taguchi ydntemi ile
aragtinimigtir. Ozellikle Taguchi ve Varyans Analizinin
birlikte kullanimi ile en iyi yogunluk ve sertlik gibi
mekanik O6zelliklere sahip kompozit malzemelerin
elde edilebilecegi ifade edilmistir [34-37]. Hussain
ve arkadaglari yaptiklari calismalarinda AlO,/Cu
kompozitinin sinterleme sonrasi deneysel yogunlugu
ve sertligi Uzerine toz metallrjisi parametrelerinin
etkisini arastirmiglardir. Ogiitme siresi, sikistirma
basinci, sinterleme silresi ve zamanini degisken
olarak belirledikleri ¢alismalarinda, Gri iliskiler analizi
ile birlestiriimis Taguchi yontemini kullanmiglardir.
Taguchi'nin L18 ortogonal dizisine dayali olarak
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gerceklestirdikleri analizlerinde, sikistirma basincinin
% katkisinin diger ana etkilere kiyasla daha anlaml
(%80,22) oldugunu belirtmislerdir. Ayrica Al,O,/Cu
kompozitinin yogunlugunun ve sertlik degerinin Gri
tabanli Taguchi yontemi kullanilarak iyilestirildigini
ifade etmislerdir [36]. Benzer sekilde Kaya ve
arkadaslari da SiC takviyeli Al-Mg alasim ana yapili
kompozitlerin sinter islemi sonrasi yogunlugu Uzerine;
takviye orani, sikistirma basinci, sinterleme sicakhgi
ve sUlresinin etkisini Taguchi ydntemi ve Varyans
Analizi (ANOVA) ile incelemiglerdir. Taguchi'nin L16
dikey dizisini kullanarak gergeklestirdikleri ¢calismalari
sonucunda, agirlikga SiC oraninin sinterleme iglemi
sonrasi deneysel yogunluk Uzerine en fazla etkiye
sahip degisken oldugunu belirtmislerdir [37].

3.1. Taguchi Deneylerinden Elde Edilen Sonuglar
icin Regresyon Analizi (Regression Analysis for
Results from Taguchi Experiments)

Regresyon analizi, amaca en uygun degerlerin
tespitinde kullanilan bir analiz teknigidir. Bagimli ve
bagimsiz degiskenler arasindaki iligkiyi, tahminler
yapabilmek i¢in matematiksel bir denklem olarak
sunar. Deney verilerini temsil eden en iyi egriyi
bulma isleminde genellikle en kiguk kareler yontemi
kullanilir. En kuguk kareler yontemi, hatalarin kareleri
toplami minimum olacak sekilde bir egri denklemi
bulma esasina dayanmaktadir [38].

Yapilan calismada AlCu-B,C kompozitlerin
sinterleme islemi sonrasi yogunluklarinin tahminini
gerceklestirmek amaciyla bir denklem modellenmistir.
Regresyon analizi kullanilarak modellenen denkleme
ait degdiskenler ise takviye hacim orani, sikistirma
basinci ve sinterleme sicaklidi olarak ifade edilebilir.
Yogunluk tahmini icin elde edilen lineer regresyon
denklemi, Es. 1'de verilmistir. Buna goére; p ham
yogunluk, V hacimce %B,C oranini, P sikistirma
basinci ve T ise sinterleme sicakhgidir.

p =2,739 —0,00862V + 000318P — 0,000464T (1)
R-sq =71,70%, R-sq(adj) = 54,73%

Es. 1 kullanilarak, faktorlerin sayisal degerleri igin
deney yapmadan tahmini bir yogunluk degeri elde
edilebilir. R-squared (R-sq), veri noktalarinin bir
regresyon modeline ne kadar iyi uydugunu gdsteren
istatistiksel bir 6lguddr. Dulzeltiimis R-squared
(R-sq(adj))’de R-squared'e benzer bir 6lgit olmakla
birlikte modeldeki bagimsiz degiskenlerin sayisini
dikkate alir. Calismadan bagimsiz degiskenlerin
sayisi gorece duslik belirlendigi icin R-sq degeri
verilerin uyumunu daha iyi temsil edecektir. Bu agidan
degerlendirildiginde, R-sq degerlerine gore faktorler
arasinda orta duzeyde bir iligki oldugu gorilmektedir.

Taguchi deneylerinden alinan sonuglar ve regresyon
analizi kullanilarak, yogunluk kestirimi yapabilmek
icin edilen regresyon modeli olusturulmustur. Buna
gore, sinterleme iglemi sonucu yogunluk igin ikinci
dereceden bir iliski (Es. 2) elde edilmistir.

12,38 — 8,783 * (tahmini sinter yogunlugu) +
1,927 * (tahmini sinteryogunlugu)? (2)

Deney sonuglarindan elde edilen ve Sekil 4’te verilen
regresyon modeli, deney sonuglarina ait sinterleme
sonrasl deneysel yogunluklarinin, %95 guven araligi
icinde oldugunu gdstermektedir. Modele gbére, mor
kesikli gizgiler tahmini degerlerin sinirlarini, yesil kesikli
cizgiler guven arahdini ve kirmizi diz ¢izgi ise deney
sonuglarinin regresyon modelini temsil etmektedir
[39]. Modele goére tahmini yogunluk icin R-sq degeri
96,88% olarak elde edilmistir.

sinter Yogunlugu=12,38-8,738*Tahmini S. Yogunlugu+1,927*Tahmini S. Yogunlugur2

3,0

Regression »
297 ----95%cCl s

-------
- -

Sinter Yogunlugu

0.0300939
R-Sq 96.9%
R-Sq (Adj) 95.8%

2,2 2,‘4 2‘,5 2,‘6 2‘,7 218
Tahmini Sinter Yogunlugu

Sekil 4. Deney sonuglarindan tahmini yogunluk
belirlenebilmesi igin ikinci dereceden regresyon modeli
(Second-order regression model to determine the estimated
density from the test results).

4. Sonuglar (Conclusions)

Al-10Cu ana yap! ve hacimce %0, 10 ve 20 B,C
parcacik takviyeli kompozit numunelerin, sinterleme
sonrasi deneysel yogunluguna; takviye orani,
sikigtirma basinci ve sinterleme sicakhiginin etkisi
Taguchi deney tasarimi kullanilarak incelenmigtir.
Toz metallrjisi ile hazirlanan kompozit numunelerin
deneysel tasarimi icin verilen parametre ve seviyelere
gbre en uygun Taguchi tasarimi olan L9 ortogonal
deney tasarimi segilmistir. Secilen deney tasarimina
gbre analizler yapilmis ve analizler sonucunda, S/N
orani yanitlari incelendiginde, sikistirma basincinin
en yuksek etkiye, takviye oraninin da gdrece olarak
daha dusik etkiye sahip oldugu belirlenmistir. En
yuksek etkiye sahip olan sikistirma basincinin
degisimi ile sonuglarda belirgin bir sekilde degisimin
oldugu goézlemlenmistir. Deney tasarimina gore ise
optimum degere %20 parc¢acik takviye orani, 200 MPa
sikistirma basinci ve 600°C sinterleme sicakliginda
ulasildigi belirlenmigtir. Taguchi deney tasarimi ve
buna uygun yapilan regresyon analizi sonucunda,
olusturulan regresyon modelinin ise %95 glven
araligin icinde oldugu sonucu elde edilmistir.
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Boron containing compounds (BCCs) have recently been used for pharmaceutical
applications. Zinc, an essential element, is known to be one of the most promising
biodegradable metals. The present study was conducted to determine the wound
healing properties of zinc borate with its antimicrobial, antifibrinolytic and enzyme
inhibitory characteristics. In vitro scratch wound healing assay revealed that zinc borate
at 0.01 pg/mL concentration stimulated the proliferation of 3T3 fibroblast cells after 24
h of scar formation. The highest enzyme inhibition was observed against collagenase
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Keywords: at 1 mg/mL (81.5%). Minimum inhibition concentration (MIC) values were determined
ﬁzt:mg:‘oog:lc as 1 mg/mL and 0.5 mg/mL against Candida albicans and Staphylococcus aureus,

respectively. Zinc borate did not have antifibrinolytic activity at 1, 0.5 and 0.1 mg/mL

Enzyme inhibition concentrations. It can be suggested that zinc borate can be used effectively to improve

Wound healing
Zinc borate

the wound healing process and to prevent the possible wound infections.

1. Introduction

Loss of the integrity of the skin tissue can lead to
uncontrolled bleeding, lesions or diseases that can
lead to death [1]. While wound is one of the biggest
health burdens [2], the delay in wound healing is one
of the important therapeutic and economic issues in
medicine. Therefore, an effective treatment is needed
to reduce costs and mortality.

While healing occurs in four phases in acute wounds,
normal progress is impaired in chronic wounds and
wound healing may be slow or absent [3]. In addition
to the damage and loss of tissue, many internal and
external factors affect the success and duration of this
repair process [4].

Infection is one of the most important factors that
negatively affect the wound healing process. Bacteria
of endogenous or exogenous origin can be found in
all wounds. However, wound infection occurs with a
bacterial localization that exceeds the increase in
colonization and immunological reactions, which also
develops due to the risk of contamination. As a result,
wound healing is also interrupted [5].

Every open wound must be considered contaminated
with microorganisms. There is an acute, subacute, or

chronic infection in the open wound. In any case, the
infection increases protease, collagenase, esterase,
proteins are broken down in the infection medium,
cell growth and collagen synthesis are inhibited.
Bacteria secrete enzymes that inhibit the healing of
the wound. As a result of the overgrowth of bacteria on
the wound area, oxygen and nutrititonal substances in
the environment are depleted; so the wound healing
process is seriously impaired.

The biological roles of boron, an essential element,
in the human and animal body have not been fully
elucidated. However, it is known that boron plays a very
important role in calcium metabolism, bone growth,
hormone metabolism, immune system, antioxidant
defense systems and wound healing [6,7]. It has
been reported that boron affects the synthesis and
transformation of the extracellular matrix (ECM), which
plays asignificant role in wound repair by increasing
the secretion of collagen, proteoglycans, proteins and
TNFa [8]. In addition, boron has antimicrobial activity
[9] and low toxicity to mammalian cells [10].

Zinc (Zn) ions, which are found as a trace element
in the body, have positive effects in stimulating
collagen deposition to accelerate wound healing [11].
In addition to its properties to produce fibroblasts,
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stimulate epithelial formation and increased migration
of keratinocytes, it also has extraordinary antibacterial
and anti-inflammatory abilities [12,13]. Zn can prevent
bacterial growth by destroying the cell membrane and
disrupting the bacterial biofilm [14].

BCCs (boron containing compounds) can be found in
soil and in the plant cell wall in trace amounts [15].
BCCs have been recently used to produce useful
products, such as pharmaceuticals [16]. Lately,
anticancer products that contain BCCs have also been
introduced to the market [17].

The use of BCCs provides new opportunities
for discovering new wound healing agents and
antimicrobials. To the best of our knowledge, there
is no study about the biological characteristics of
zinc borate. The aim of the study was to research
the wound healing properties of zinc borate with its
enzyme inhibition capacity and antifibrinolytic and
antimicrobial activities.

2. Materials and Methods
2.1. Materials

Bovine hyaluronidase, Clostridium  histolyticum
collagenase, N-(3-[2-Furyl]-acryloyl)-Leu-Gly-Pro-
Ala (FALGPA), porcine pancreatic elastase, sodium
hyaluronate, epigallocatechin gallate (EGCG) and
N-Succinyl-Ala-Ala-Ala-p-nitroanilide, tricine buffer,
acetate buffer, Tris HCI buffer, trypsin inhibitor from
soybean, sodium borate, tannic acid, fibrinogen and
zinc borate were purchased from Sigma-Aldrich,
USA. Sodium hydroxide, calcium chloride, other
chemicals and solvents were purchased from Merck
Chemical Co., Germany. Dulbecco’s modified Eagle’s
Medium (DMEM), fetal bovine serum, antibiotic-
antimycotic solution and Dulbecco’s phosphate buffer
saline (dPBS) were purchased from PAN BIOTECH,
Germany. Culture mediums were purchased from
Merck, Germany and Difco, USA.

2.2. Cell Line

NIH-3T3 is a fibroblast cell line that was provided
by American Type Culture Collection (ATCC) were
delivered in DMEM (Dulbecco's modified Eagle’s
Medium) supplemented with fetal bovine serum
and antibiotic-antimycotic solution at 37°C and in a
moistened atmosphere containing 5% CO.,,.

2.3. In Vitro Scratch Wound Assay

Fibroblasts were seeded into cell culture dishes to
a final density of 75x10* cells/dish and cultured for
approximately 48 hours before a wound was created
on the cell layer with a micropipette tip. To remove the
cellular debris, dishes were washed with Dulbecco’s
phosphate buffer saline (dPBS). Then, fibroblasts
were treated with fresh medium containing zinc borate
at final concentrations of 0.01 pg/mL. Control group

was prepared with basal medium. The scratched
areas from each cell culture dish were photographed
to evaluate the distance between adjacent layers of
cells.

2.4. Enzyme Inhibitory Activity

Enzyme inhibitory activity of zinc borate was evaluated
using three enzymes; elastase, collagenase and
hyaluronidase.

Elastase inhibitory activity was detected in accordance
with Lee et al. [18]. Briefly, 25 yL of porcine pancreatic
elastase enzyme, 50 pL of Tris-HCI buffer and 50 pL of
zinc borate (at 1 mg/mL and 500 pg/mL concentrations,
w/v dH,0) were mixed and incubated at 25°C for
20 min. Thereafter, 125 uL of elastase substrate
N-Succinyl-Ala-Ala-Ala-p-nitroanilide was delivered to
the mix and again maintained at 25°C for 20 min. After,
soybean trypsin inhibitor was added to the mixture and
the amount of released p-nitroanilide was determined
at 410 nm. Epigallocatechin gallate was used as a
reference.

For collagenase inhibitory activity, Clostridium
histolyticum collagenase was mixed with 25 yL of tricine
buffer and 25 pL of zinc borate (at 1 mg/mL and 500
pg/mL concentrations, w/v dH,O). The mix was pre-
incubated for 20 min. Then, N-(3-[2-Furyl]-acryloyl)-
Leu-Gly-Pro-Ala was delivered to the reaction, the
absorbance was measured immediately at 335 nm
for 20 min. The measurement was continued at every
minute interval [19]. Epigallocatechin gallate was used
as a reference in the study.

In hyaluronidase inhibition, 100 yL of zinc borate at
different concentrations (at 1 mg/mL and 500 pug/
mL concentrations, w/v dH,0) was added to bovine
hyaluronidase dissolved in acetate buffer and
maintained at 37°C for 20 min. After, 100 L of CaCl,
was inoculated and incubated for 20 min. Then, sodium
hyaluronate was added and incubated for 40 min at
37°C. The mixture was treated with NaOH and sodium
borate and, maintained in a hot water bath for 3 min.
Thereafter, the mix had cooled to room temperature,
1.5 mL of p-dimethyl aminobenzaldehyde was
inoculated and incubated for another 20 min at 37°C.
Tannic acid was used as a reference and absorbance
was taken at 585 nm [18].

Elastase, collagenase and hyaluronidase enzyme
inhibitory experiments were as mean * Standard
Deviation (S.D.) of three parallel measurements (n=3).
The data was entered into a Microsoft Excel database.

2.5. Antimicrobial Efficacy
2.5.1. Microorganisms

Staphylococcus aureus ATCC25923 and Candida
albicans ATCC1023 strains were used to determine
the antimicrobial properties of the zinc borate. Nutrient
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Broth (NB) and Sabouraud Dextrose Broth (SDB)
were used as cultivation mediums for S. aureus and
C. albicans, respectively.

2.5.2. Tube dilution method

Two-fold serial dilutions (20 mg/mL-0.125 pg/mL) of
zinc borate (in 1% acetic acid) were added to glass
tubes containing Mueller-Hinton Broth (MHB). Then,
freshly prepared inoculums were delivered to glass
tubes and incubated at 37°C for 24-48 h for S. aureus,
and 24-48 h at 30°C for C. albicans. The minimum
inhibition concentration (MIC) was defined as the
lowest concentration of zinc borate where no visible
growth was observed after 24 h. 1% acetic acid was
used as negative control.

For evaluating the minimum lethal concentrations
(MLC), 100 ul from each negative test tube were sub-
cultured onto Mueller-Hinton Agar (MHA) plate and
Sabouroud Dextrose Agar (SDA) plate for S. aureus
and C. albicans, respectively. All experiments were
performed in triplicates.

2.6. Antifibrinolytic Activity

The antifibrinolytic activity of the zinc borate was
detected using a plasma clot lysis test. A fibrinogen
solution was prepared by adding 2 mL of water to 0.04
g fibrinogen. Then, 10 pL of calcium chloride (1 M),
0.5 mL of commercial plasma and 25 pL of fibrinogen
solution were transferred to the test tubes. The mixture
in the tubes was incubated for 90 min at 37°C and the
liquid part was discarded. The clot was washed 3 times
with dH,0 and 100 pL of zinc borate (0.1, 0.5 and 1
mg/mL, in 1% acetic acid) was added into the tubes.
Streptokinase (30.000 and 15.000 U) and 1% acetic
acid were used as positive and negative controls,
respectively. After incubation at 37°C for 90 min, the
liquid part in the tubes was discarded and the clots
were weighed to calculate the percentage of lysis. All
experiments were performed in triplicates.

3. Results and Discussion

In vitro scratch assay is a well-developed method to
evaluate the migration potential of cells across an
artificial wound. Therefore, it is also a tool to assess
the cytotoxicity of the compounds [20,21]. The wound
healing activity of the zinc borate was determined for
changing the migration rate of 3T3 cells and compared
with the control group which was only treated with
basal medium. The scratched area formed on 3T3
cells was examined using an inverted microscope at
0, 24, 36 and 48 hours (Figure 1). It was observed
that zinc borate at 0.01 ug/mL concentration enhanced
the wound closure rate after 24h. Similar to the control
group, the scratched area was completely healed after
48 hours. The results indicated that zinc borate can be
safely used to improve the wound healing and had a
marked effect on cell proliferation and migration.

Control Oh 0.01 pg/mL Oh

Control 24h 0.01 pg/mL 24h

Control 36h

0.01 pg/mL 36h

* Control 48h

0.01 pg/mL 48h
Figure 1. Images of in vitro scratch assay for 0-48 hours.

Demirci et al. [6] who studied the effect of sodium
pentaborate pentahydrate (NaB) on migratory
behavior of mouse embriyonic fibroblast cells (NIH-
3T3) concluded that the scratches closed remarkably
faster in the presence of NaB than in control or gel
combination medium (NaB+pluronic). In another study
of Demircietal. [22], they revealed that NaB significantly
increased the migration capacity in primary human
dermal fibroblasts. Giindoddu et al. [23] evaluated
the effects of boronophenylalanine (BFA) and zinc
(Zn) on in vitro wound healing model using human
dermal fibroblast cells. Similar to the present study,
they reported that BFA, Zn, and their combinations
increased the proliferation of the fibroblasts after 24
hours of incubation and showed no cytotoxic effect.

Zinc borate showed good elastase and collagenase
inhibition at 1 mg/mL concentration. Zinc borate
showed elastase inhibition of 43.4£7.09% at 1 mg/
mL concentration and 38.6+2.98% at 500 pg/mL
concentration, while epigallocatechin gallate used
as control showed 47+7.94% enzyme inhibition at
100 pg/mL concentration. Again, zinc borate showed
81.5+4.82% collagenase inhibition at 1 mg/mL
concentration, while this inhibition was 16.945.51% at
500 pg/mL concentration. In the study, hyaluronidase
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Table 1. Inhibitions of elastase, collagenase and hyaluronidase of zinc borate and positive controls.

Test samples Concentration Elastase Collagenase Hyaluronidase
P inhibitions % inhibitions % inhibitions %
. 1 mg/mL 43.4+7.09 81.5+4.82 17.648.49
Zinc borate
500 pg/mL 38.6+2.98 16.945.51 11.314.16
Epigallocatechin gallate 100 pg/mL 47+7.94 20.4+3.09 NT*
Tannic acid 100 pg/mL NT* NT* 30.8+1.39

*NT: Not Tested.

inhibition of zinc borate was determined as 17.6+8.49%
for 1 mg/mL and 11.3+4.16% for 500 pg/mL (Table 1).

Zn is an essential element in humans and an essential
nutrient required for numerous biological activities. Its
deficiency can cause many system dysfunctions, as
well as delay wound healing. It has been determined
that many biochemical and molecular events in wound
repair can be accelerated by the addition of zinc ions
[24]. Similarly, boron is an element that is effective in
the wound healing process [25]. Boron compounds are
known to remarkably enhance proliferation, migration,
gene expression levels and growth factor in dermal
cells [25,26].

It is important to maintain a balance between
decomposition and ECM synthesis in wound healing.
Extreme degradation of the newly formed ECM has
been found to be associated with non-healing wounds.
Components with anti-hyaluronidase, anti-collagenase
and anti-elastase properties can increase the amount
of hyaluronan, elastin and collagen in the extracellular
matrix (ECM) by preventing matrix degradation [27].
Although the effect of zinc borate on these enzymes
has not been determined before, peptitic boric acid
compounds from tetrahedral borates are known to
bind covalently to the active sites of serine proteases
such as elastase [28]. In a study of Nzietchueng et
al. [8], it was reported that boron directly inhibited
elastase and alkaline phosphatase activities of human
fibroblasts but did not have a direct effect on trypsin-
like and collagenase activities. They concluded that,
part of the boron effect on wound healing may be via
synthesis of cytokines involved in wound healing, or
via generation of free radicals (or other compounds)
and activation of transcription factors.

Table 2. Minimal inhibitory concentration (MIC) and minimal
lethal concentration (MLC) of zinc borate.

S. aureus C. albicans
ATCC25923 ATCC1023

MIC 0.5 mg/mL 1 mg/mL
MLC 10 mg/mL >10 mg/mL

MIC values of zinc borate were determined by tube
dilution method. MIC value of zinc borate against
C. albicans was determined as 1 mg/mL, it was
determined as 0.5 mg/mL against S. aureus (Table 2).
MLC of zinc borate against S. aureus was determined
as 10 mg/mL while this value was >10 mg/mL against

C. albicans (Table 2). There are some studies about
the antimicrobial potential of boron compounds in the
literature [29-31]. Yilmaz [29] reported the MICs of boric
acid as 7.60 mg/mL, 7.60 mg/ mL and 3.80 mg/mL;
against Escherichia coli, Pseudomonas aeruginosa
and S. aureus, respectively. Argin et al. [32] indicated
that biodegradable gelatin films incorporated with
disodium octaborate can be used as an antimicrobial
packaging material. Dembitsky and Srebnik [33]
reported that carboxyboranes have hypolipidemic,
anticancer and antifungal activities. Jabbour et al.
[34] who investigated the antibacterial activities of
oxazaborolidines resulted that these compounds have
remarkable antibacterial activity against Streptococcus
mutans. Ugur et al. [35] who studied the antioxidative
and mutagenic properties of zinc borate reported
that zinc borate had moderate total antioxidant and
hydroxyl (H,O,) scavenging activities besides having
moderate antimutagenic potential.

It was determined that zinc borate did not have
any antifibrinolytic activity at 1, 0.5 and 0.1 mg/mL
concentrations (Table 3). The antifibrinolytic agents
prevent the breakdown of fibrin, the main protein
in blood clots. They can be used to help prevent or
control bleeding during or after surgery or after a
traumatic injury. They are also useful for preventing clot
disruption in areas rich in fibrinolytic activity, including
the nasal cavity, oral cavity, and female reproductive
system.

Table 3. Antifibrinolytic activity of of zinc borate.

Test samples Concentration Ant'f'b'.."]o'yt'c
activity
. 15000 U 52.8
Streptokinase

30000 U 84.3
0.1 mg/mL

Zinc borate 0.5 mg/mL NT
1 mg/mL

Acetic acid (1%) - NT

NT: Not Tested.

4. Conclusions

The present study was conducted to evaluate the
antimicrobial, antifibrinolytic, enzyme inhbitory and
wound healing properties of zinc borate. Similar to
most of the boron containing compounds, it was
revealed that zinc borate has antimicrobial properties
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against pathogenic microorganisms. Among the tested
concentrations, the highest enzyme inhibition capacity
of zinc borate was determined against collagenase,
an enzyme which plays a significant role in the wound
repair process. Besides, zinc borate has the ability to
stimulate the normal fibroblast at low doses. On the
other hand, zinc borate did not have antifibrinolytic
activity. The results of the study indicated that zinc
borate can promote the wound healing process
by accelerating the migration and proliferation of
fibroblasts, inhibiting the enzymes related to wound
healing and prevent wound infections.
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In recent years, interest in the study of cyclic borate structures (hexaborate, heptaborate,
etc.), which draws attention due to their piezoelectric properties, has increased. In the
scope of our study, heptaborate rings using the transition metal cation coordination
compound as cation were synthesized and tried to be structurally characterized by
elemental analysis, melting point determination, FT-IR, TGA/DTA analysis, UV analysis,
powder x-ray diffraction (P-XRD) analysis methods. The presence of the cationic
coordination sphere in the structures was determined by the stretching vibrations of v(-M-
N),nen @nd V(-M-N)__, observed in the infrared spectra. -OH peaks of characteristic B-OH
bonds of heptaborate rings and sharp asymmetric and symmetric stretching vibrations
were detected confirming the presence of trigonal borate molecule in the rings. Due to
the similar thermal decomposition properties of the molecules, it was determined that
the hydrated waters that precipitated out of the coordination sphere in all structures
moved away from the structures in a single step. As the second degradation step of
heptaborate salt structures, the presence of water in amounts attributable to the removal
of -OH groups in borate rings as water vapor in all structures was calculated. It has
been observed that this degradation step occurs in a single step in all structures and
the relevant experimental theoretical mass losses are compatible with each other.
Combustion degradation of organic ligands was observed as the final degradation step
of the heptaborate salt structures with metal cation complexes. While peaks belonging
to heptaborate rings were observed from the recorded powder x-ray diffraction patterns,
electronic transition data also supported that the metal cation complex was in octahedral
geometry.
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1. Introduction has increased [7-15]. Among the borate compounds

Borates are mostly classified as hydrated metal borates
or solvo mixed metaloxides. The structural features
of only about 100 of the 200 borate minerals found
are known [1,2]. Some synthesized borate structures
reveal dissociated, cleaved borate or polyborate
anions. However, most of them release condensed
anions that form chains, layers and networks. In
studies, it has been determined that the counter metal
cations of boroxol (B,O,) are a structure that affects
Lewis acidity at different levels. However, it has been
determined that boric acid in borate structures is in
a tetrahedral coordination position with strong Lewis
acidic properties [2-6]. Boron-oxygen containing
compounds have many uses in the industrial field
due to various structural aspects. Polyborate-
containing compounds are used in the manufacture
of non-linear optical materials as well as luminescent
materials and lithium electrode batteries. Due to their
thermal properties, interest in studies on polyborate
compounds in both industrial and academic fields

obtained as a result of laboratory studies, there are
also anionic pentaborate and hexaborate salts in the
form of non-metallic structures with complementary
cations. Structural characterizations of some of these
borate structures without metal cations were made and
[B,0,(OH),J, [B,O,(OH),J%, [B,O,(OH),], [B,O,(OH).I*,
[B,O,,(OH),I*, [B,,0,,(OH).]* and [B,.O,,(OH),J* [16-
19]. The chemical interaction tendencies of compounds
with metal cations with borate anions are different
from compounds without metal cations. Compared
to spherical metal cations, non-spherical metal
cation-free cationic compounds behave differently
in terms of gaining electrons from the oxygen atom
and making H-bonds [20,21]. Steric and electronic
factors also significantly affect the structure of metal
cation-free borate compounds. For example, while the
metal cation-free borate structures, ammoniumboride
{INH,1[B,,0,,(OH),].4H,0} and larderite  {[NH,]
[B,O,(OH),].H,O} have anionic borate structures
paired with the ammonium cation. Polyborate systems

*Corresponding author: dalikose@hitit.edu.tr
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obtained from compounds containing amine groups
such as guanidinium and imidizolium are metal cation-
free borate compounds containing [B,O,,(OH)J*>
nonaborate anion [2,13,22].

Two different borate compounds synthesized without
metal cation [(CH,NH,),][B,,0,,(OH),] and with metal
cation [Zn(en),[B,0,,(OH),] are molecules constructed
with different B, (heptaborate ring) species [23].
[Cu(C,,H,N,),(C,H,0,)1[B,O,(OH),]-2H,BO,-H,O
and [Ni(C,,H,N,),(H,0),]-(B,O,(OH) synthesized as
polyoxoborate and can be examples of pentaborate
and heptaborate structures with metal cations
formulated structures were characterized in another
study [24].

Single crystals of three different oxidopolyborate salts
with the formulas [Co(NH,)],[B,O,(CH),l,.11H,0,
[Ni(phen),][B,O,(OH),].9H,0 and [Zn(dac),(H,0),]
[B,O,(OH),].H,O were formed, yielding anhydrous
borate residues such as CoB,O,, NiB,O,, and
ZnB,0,, by thermal decomposition and structural was

scrutinized [25].

The properties of crystalline hydrated polyborate
salt structures containing co-polyborate anions
synthesized with cationic metal complexes or organic
cations were investigated. The salt structures
described by Clark, Christ, and Burns were studied
between 2000 and 2015 and describe the synthesis
approaches and physical and spectroscopic properties
of polyborate salts with three different methods such
as hydrothermal, solvothermal, and flow methods [26].
Metal borate halides containing halogen anions (F, Cl,
Br or 1) in their structures are also considered as high
performance nonlinear optical (NLO) materials. Borate
structures containing halogen anions form numerous
metal borate halides in anionic structures ranging from
0D clusters, 1D chains, 2D layers and 3D meshes.
NLO material properties are considered to be the most
prominent features of cyclic borate anions [27].

In the present study, cyclic heptaborate anions were
synthesized using their complex structures containing
transition metal cations (Mn?*, Co?*, Ni?*, Cu?, Zn?
and Cd?*) as stabilizing cations. The structures were
characterized using elemental analysis, melting point
determination, FT-IR, TGA/DTA analysis, Solid-state
UV-vis spectroscopy, P-XRD methods.

2. Experimental Studies
2.1. Synthesis of Metal Heptaborate Structure

1 mmol metal acetate (Mn?*, Co?", Ni?*, Cu?", Zn?%
and Cd?#) salts prepared in 50 mL aqueous solution
were first mixed with 9 mmol boric acid solution
with the one prepared in 50 mL water. 4 mmol of
1,10-phenanthroline and 4 mmol of pyridine ligands
were added to the total solution, which was stirred on
a magnetic stirrer for about 30 minutes, and the final
solution was refluxed at 80°C on a heated magnetic
stirrer for 72 hours. The complex solution, which was
transferred to a beaker after reflux, was kept for 5 hours
by adding distilled water on top of it to maintain the
total solution amount, on a heated magnetic stirrer at
60°C, with continuous stirring to evaporate the acetic
acid in the environment. After the sharp smell of acetic
acid disappeared, the beaker was closed with parafilm
and the final solution was allowed to crystallize. After
approximately 30 days, the walls of the beaker and
the crystals that precipitated adhered to the bottom of
the beaker were filtered off with a vacuum system and
stored for analysis (Figure 1).

2.2. Characterization Studies

C, H, N contents were determined by an CHNS-932
LECO model analytical instrument. Water contents
were determined thermogravimetrically. Melting
points were determined by an Electrothermal 9100
model instrument. Thermal analyses (TGA, DTA)
were performed by the Shimadzu DTG-60H system,
in dynamic nitrogen atmosphere (100 mL/min) at
a heating rate of 10°C/min, in platinum crucibles as
sample vessel, using -Al,O, as reference. FTIR spectra
were measured in the 450-4000 cm™ range with a
Perkin-Elmer Spectrum One instrument by using the
KBr pellet technique. Powder x-ray diffraction patterns
were recorded with the Rigaku Ultima-IV model
device. For solid state UV-vis visible region spectra,
solid state UV-Vis studies were carried out in the
range of 200-900 nm with Schimadzu brand UV-3600
UV-VIS NIR Spectrophotometer device. Magnetic
susceptibility measurements were determined on the
Sherwood Scientific MXI model magnetic balance
(Gouy Method) using the Hg[Co(SCN),] reference at
room temperature.

] HO
H,0 OH
/ \ b o
HO OH reflux = _ O//f O/\()/\O
~B~ / 7 (72h) \M/ J \ %, 2
M(CHsCOORa0 = e Wi o5& o
0.001 mol 0009H | SN _N/ - L I
50 ml H,0 0 Mo 0.004 mol 0.004 mol B _BQ _B_
ve Cd,, L | H,0

M: Mn2+, C02+’ Ni2+’ Cu2+, Zn2+
n: 0,24

Figure 1. Synthesis reaction of heptaborate structures with metal complex cations.
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3. Characterisation
3.1. Elemental Analysis

Chemical composition analyzes of heptaborate salt
structures of synthesized transition metal cation
complexes were carried out. In addition, magnetic
susceptibility and melting point values in Bohr
magnetons were determined in order to determine the
transition metal-based magnetic properties of metal
cation complexes and to determine the number of
single-electron orbitals they contain in their final orbits.
The suitability of experimental and theoretical results
supports the accuracy of the proposed molecular
formulas. The results obtained are given in Table 1.
It is thought that some deviations in the values are
caused by organic and inorganic residues attached to
the structure while heptaborate salts are synthesized.
According to stoichiometric mole ratios, the maximum
amount of substance that can be obtained with the
starting materials was accepted as 100% theoretical
yield and the % yield calculations were carried out for
each synthesis by proportioning it with the actual yield
obtained experimentally from the reactions. In addition,
according to these values, we can say that while the
molecule with the highest efficiency is the heptaborate
salt structure containing the zinc complex, compound
V with 68%, the compound with the lowest efficiency is
the heptaborate salt containing the cadmium complex,
the molecule VI with 52%.

The heptaborate salt with the highest melting point at
229°C is the heptaborate salt with Co(ll) metal cation
complex, compound no. I, while the pentaborate salt
with the lowest melting point is the Ni(ll) metal cation,
compound no. lll, at 130°C. complex heptaborate salt.

3.2. Infrared Analysis

The FT-IR spectra of heptaborate salt structures

of manganese, cobalt, nickel, copper, zinc and
cadmium cation complexes containing neutral
1,10-phenanthroline and pyridine ligands are given
in Figure 2. It is confirmed that the infrared spectra
are also very similar due to the similarity of the
structural properties of the molecules. Some important
bond stress bending vibrations of heptaborate salt
molecules are also summarized in Table 2. The -OH
stretching vibrations, which are generally thought to
originate from the hydrated water in the structures,
appear as a broad and wide peak between 3600-
3550 cm™ and 2900 cm™. It was observed that the
-OH stretching vibrations of the B-OH bond in the
heptaborate structure appeared as sharp peaks in the

—=, PN
\ T man) 1
'-| f"ll ‘ I| | ll'u’
-\ / Co(,,,j, it IHLP
‘\.p"-'
Iﬂ\‘-. g /i) ?"rl i “‘1“1
|III |- o ot / | I
g | 1 ’l
3 | cu(ll) ':.|
gl zamy T
= Al
| " ll |
cdm i ||
|
|

4000 3500 3000 2500 2000 1500 1000 500
Wavelenght (cm™)

Figure 2. Infrared spectra of heptaborate structures with
transition metal complex cations.

Table 1. Significant infrared peaks of heptaborate structures with transition metal complex cations.

Chemical Analysis (%)

. Decomp.
MW  Yield
Complexes (g/mol) (%) Exp. (Theo.) Colour Mg Teogp.
c H N °C)
[Mn(C_H,N,),(C.H.N),I(B,0,(OH),).2H,0
YU T HBMING, 91429 58 (jj:g;) (g:gg) (g:fg) Pale white 4.77 218
[Co(C_H,N,),(C.H.N),](B,0,(OH),).2H,0
e 2034H35B7020N6016 7 91828 6 (jj:z) (gzgf) (gqg) Orange 316 229
INi(C_H,N,),(C.H N)z](B 0,(OH),).2H,0 49
95 327 9.9 .
34H35(BI"l\)16N|O16 91804 59 i) ey (015  Llec 213 130
[Cu(C_H,N,),(C.HN),I(B,0,(OH),).2H,0
e 2C34H35B7(::UN6016 T 92290 62 (ﬁ:gj‘) (g:;g) (%ﬂ% Lightblue 1.39 219
[Zn(C,_H,N,),(C.H,N),](B.O,(OH),).2H,0
T HBNO Zn " 92473 68 (ﬁ:%) (g:;g) (g:gg) Light yellow dia. 221
[CA(C_H,N,),(C.H.N),](B,0,(OH),) 2H,0
4162 393 871 . .
" 35(\7“) Qs 971.76 52 (41.99) (3.60) (8.65) Pale pink  dia. 217
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region of approximately 3334-3331 cm-".

v(C=N) stretching vibrations, which can be attributed
to the 1,10-phenanthroline and pyridine ligands in the
structure of metal cation complexes that serve as the
stabilizing cations of the molecules, were observed at
approximately 2360-2357 cm™ and 2337-2331 cm
regions for all structures, respectively. In addition,
stretching vibrations v(C=C) of aromatic rings of
organic ligands were also observed as multiple peaks
of moderate and weak intensity in the range of 1753-
1745 cm™ and 1478-1453 cm™'. Bending vibrations of
v(C=C) and v(C-C) aromatic rings showed themselves
in the range of 887-665 cm” as medium and high
intensity sharp peaks. Asymmetric and symmetric
stretching vibrations v(-B-O),, .. and v(-B-O),.,. .
proving the existence of four trigonal borate molecules
in the heptaborate ring structure, in the 1427-1426
cm™ and 1403-1402 cm regions for all heptaborate
structures, respectively, observed as sharp peaks.
Asymmetric and symmetrical v(—B—O)BO4asym ve v(-B-
O)goueym Stretching vibrations, which can be attributed
to the anionic three tetrahedral borate structures in
the heptaborate ring structure, were also detected at
approximately 1166-1164 cm™ and 1099-1098 cm
regions. The fact that the stress vibrations attributed to
the trigonal and tetragonal v(-B-O) groups in all metal
cation complexes are close to each other supports that
the polyborate derivative in all structures has the same
structure.

In addition, the stretching vibration of the B-O bond
is expected to be observed in the range of 1380-
1310 cm™ in non-polyborate boroxide compounds
[14,17,28,29]. However, in polyborate derivatives
(pentaborate, hexaborate or heptaborate) where
B-O-B bonding is prominent, the stretching peak of
this bonding has been determined to shift up to the
range of 1270-1220 cm™ [18,19]. In the synthesized
heptaborate molecules, the stretching vibration
attributable to this binding was observed to be around
1271-1269 cm for all structures. Stretching vibrations
indicating the bindings that may indicate the presence
of metal-ligand bonding, which forms the structure of

metal cation complexes, were also observed in the v
(-M-N)'Dhen region of approximately 555-552 cm™ for
the bidentate ligand 1,10-phenanthroline. For the
monodentate coordinated pyridine ligand, v(-M-N)_ ,
appeared at approximately 504-493 cm regions.

3.3. Thermal Analysis

The thermal degradation diagrams of heptaborate
salt structures are shown in Figure 3, and the data
summarizing the degradation steps formed from the
thermal analysis curves are summed up in Table 3.

The thermal degradation diagrams of heptaborate
structures with cation metal complexes are similar
depending on their iso-structure properties. For all
structures, thermal decompositions begin with the
separation of two hydrated waters, which are outside
the coordination ring and related to the main structure
by Vander-Wals interactions. After this degredation
stage, which takes place in the range of approximately
56-130 °C, the second decomposition step, in which
the heptaborate ring dehydrates, takes place. For all
structures, the -OH groups of heptaborate rings are
thought to be removed in the decomposition that
takes place in the temperature regions of 126-175
°C and indicates the removal of 5/2 units of H,O.
The compatibility of the experimental and theoretical
weight loss calculations in all structures supports the
relevant degradation product. As the final degradation
step of heptaborate structures, the degradation of
organic ligands of the cationic metal complex can be
shown. It has been determined that this degradation
step generally starts at 150°C levels and ends at
955°C levels for all structures. The organic ligands
1,10-phenanthroline and pyridine derivatives burned
away from the structures in the respective degradation
step, and it was interpreted that the experimental and
theoretical weight loss amounts were compatible. It
was approved by powder x-ray diffraction analysis that
oxides of the respective metal cations and residues
of boron oxide remained in the reaction cup as final
degradation products of heptaborate salt structures.
The fact that the theoretical residue calculations for

Table 2. Significant infrared peaks of heptaborate structures with transition metal complex cations.

Gruplar Mn(ll) Co(ll) Ni(ll) v Vv Vi
V(-OH), o 3550-2900 3550-2900 3550-2900 3500-2900 3600-2900 3600-2900
V(-OH), .., 3332 3332 3332 3334 3331 3332
V(C=N),, nora  2357;2337  2360;2335 2360;2331 2360;2332 2359;2332  2360;2334
V(C=C),enpyra  1753-1478 1749-1477 1745-1473 1747-1477 1747-1478 1750-1478
V(-B-0)50300ym 1427 1426 1426 1426 1427 1427
V(-B-O)g034ym 1402 1402 1403 1402 1402 1402
V(-B-0)g04a6ym 1165 1166 1165 1165 1165 1164
V(-B-0)g04ym 1099 1099 1099 1098 1099 1098
v(-B-0-B) 1270 1271 1270 1269 1270 1270
8(C=C); (C-C) 887-665 887-666 886-666 886-664 887-665 886-665
V(-M-N)_,.. 553 555 553 552 554 552
V(-M-N)_ . 504 493 493 496 502 503
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Figure 3. Thermal analysis curves of heptaborate structures with transition metal complex cations..

metal oxides are compatible with the experimental
results also supports our claim. It has been
determined that the experimental residue amounts
are approximately 1% higher than the theoretical
amounts. The reason for this is thought to be due to
the incomplete combustion of the organic derivatives
in the structures due to insufficient oxygen, thermal
decomposition curves recorded in the inert nitrogen
environment. The carbonized carbon, which could
not burn completely and accumulated on the oxide
residues, also caused the colors of all oxides to be
black.

3.4. X-Ray Analysis

In Figure 4, P-XRD patterns of heptaborate salt
structures using transition metal cation (Mn?*, Co%,
Ni?*, Cu?*, Zn?* and Cd?') complexes as stabilizing
ions are given. It was stated that all of the molecules,
which were tried to obtain information about their
structural characterization by powder x-ray diffraction
method, were in crystalline structure, but crystals
suitable for single crystal structure analysis studies
could not be collected. The peaks marked with an “X”
in the patterns indicate the formation of heptaborate
rings [30]. According to the recorded P-XRD patterns,
it can be said that the heptaborate salt with the Cd(ll)

metal cation-centered complex structure has the best
crystallinity, while the heptaborate salt with the Zn(ll)
metal cation-centered complex structure has the
weakest crystallinity.
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Figure 4. GP-XRD patterns of heptaborate structures with

transition metal complex cations.
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Table 3. Decomposition steps and degradation product details obtained by calculating from thermal analysis curves of complex structures.

Mass Loss (%) Remained
Temperature DTA Removed °" " Product (%) Decomp. Col
Range (K) max Group Product olour
Exp. Calc. Exp. Calc.
73-130 94 2H,0 3.71 (3.94) Pale-yellow
[Mn(C,,H;N,),(C,H.N),](B,O,(OH),).2H,0
OKI&w MnN O, 132-160 139 5/2H,0 562 (4.92)
914.29 m\Bo_
161-955  227;335;389;-468; -721 2C,H,N,,2C.HN 54.75 (56.72) 35.92 (34.56) MnO;7/2B,0, Black
61-121 86 2H,0 3.86 (3.92) Brick-color
[Co(C,,H,N,),(C,H,N),](B,O,(OH),).2H,0
og_._&w CoN,O,, 123-155 137 5/2H,0 578 (4.90)
918.28 u:.:o_
156-955  233;330;407;-523; -731 2C H,N,;2C.H.N 54.63 (56.48) 35.73 (34.84) Co0;7/2B,0, Black
56-125 85 2H,0 3.92 (3.92) Light-green
[Ni(C,,H,N,),(C,H,N),](B,O,(OH),).2H,0
oz_._aqu NiO,, 126-175 133 5/2 H,0 471 (4.90)
918.04 m\_,:o_
177-955  224;329;386;-523; -790 2C,,H,N,,2C.HN 55.39 (56.49 35.98 (34.82) NiO;7/2B,0, Black
63-124 98 2H,0 3.49 (3.90) Blue
[Cu(C,,H;N,),(C,H.N),](B,O,(OH),).2H,0
Oﬁ_._&_w CuN.O,, 125-154 137 5/2 H,0 5.35 (4.88)
922.90 m::o_
156-955  228;328;391;-485; -743 2C,HN,;2C.HN 54.75 (56.20) 36.47 (35.17) CuO;7/2B,0O, Black
59-123 94 2H,0 3.60 (3.89) White
[Zn(C,,H,N,),(C,H,N),](B,O,(OH),).2H,0
C,H,B.NO, Zn 124-151 133 5/2H,0 6.02 (4.87)
924.73 m::o_
153-955  237;338;426;-504; -733 2C,H,N,;2C.H.N 53.76 (56.08) 36.62 (35.30) ZnO;7/2B,0, Black
72-124 91 2H,0 3.58 (3.70) Plae-white
[Cd(C,,H;N,),(C,H.N),](B,O,(OH),).2H,0
o“a_._wmmqo.uz (O 126-164 136 5/2H,0 5.02 (4.63)
971.76 @\_,:o_
166-955  229;324;405;-533; -781 2C,H,NN,,2C.HN 51.28 (53.37) 40.12 (38.43) CdO;7/2B,0O, Black
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3.5. Ultraviolet-Visible Spectroscopy

The visible region spectra (UV-vis) recorded in solid
phase in the range of 900-200 nm of heptaborate
anion salt structures using synthesized transition metal
cation (Mn?*, Co?*, Ni?*, Cu?*, Zn?* ve Cd?*) complexes
as stabilizing ions are shown in Figure 5.
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Figure 5. Solid state UV-vis spectra of heptaborate

structures with transition metal complex cations.

Significant peak values and electronic transition
values are also summarized in Table 4. According to
these data, the d-d transitions attributable to the Mn(ll)
metal cation complex (I) occur at 303 nm (‘T, —>4T2 )
(F). For the electronic transitions of the Co(lli metal
cation complex (ll), two spin-permitted d-d transitions
were observed at 493 nm (*T, —>4T g)(F) and 426 nm
(‘T,,—*T,)(P). For the complex (1) cation using the
Ni(If) metal cation as the central atom, 678 nm for the
(°A,,—°T, )(P) transition, 462 nm for the (°A, —°T,)
(F) %rans@on and °A g—>3T )(F) For the ) transmon
a total of three spin- perm|tted electronic transitions at
381 nm wavelengths were detected. For the complex
cation (lll) using Ni(ll) metal cation as the central

atom, 678 nm for the (A g—>3T )(P) transition, 462 nm
for the (°A, —°T, )(F) transmon and 381 nm for the
(CA,—°T, )(gF) transmon total of three spin-permitted
electronlc transitions were detected. These transitions
confirm that the “d” orbitals of the Ni(ll) metal cation
are cleaved, indicating the octahedral geometry. The
multi-absorption bands of the Cu(ll) metal cation
structure (IV) are composed of overlapping peaks and
have a broad appearance in a wide range, and it is
seen that they coincide with the 730-420 nm range.
These spectral data support the view that the Cu?*
metal cation may have a “pseudo-octahedral’ structure
with the effect of Jahn-Teller decomposition. The
maximum absorption band of the broad spectrum of
the Cu(ll) complex also corresponds to a wavelength
of approximately 531 nm (2Eg—>2T2 ). Since the
d orbitals in the last orbit of the’ metal cation in the
diamagnetic Zn(ll) complex (V) are fully occupied,
the “d-d” electronic transition could not be detected
in the octahedral cleavage. Magnetic susceptibility
values confirm this situation. As it can be understood
from the magnetic susceptibility values, no “d-d”
electronic transition could be detected in an octahedral
cleavage that may occur because the d orbitals in the
last orbit of the metal cation in the complex (V) with
the diamagnetic Zn(ll) metal cation are fully filled.
Again, no “d-d” electronic transition is expected in an
octahedral cleavage due to the fact that the “d” orbitals
in the last orbit are fully occupied in the metal cation
in the complex (VI) structure with Cd(Il) metal cation,
which we can evaluate as diamagnetic according to
the magnetic susceptibility values. However, electronic
transitions at 401 nm (2Eg—>2T2 ) have been detected,
albeit weakly, in the low region due to the orbital
interferences of the Cd(Il) metal cation, which is also
consistent with the literature [31-33]. It is predicted
that the absorption bands seen at low wavelength
with high intensity do not belong to “d-d” transitions,
but may result from metal — ligand charge transfer
transitions with stronger energy. These transitions are
242 nm for complex I, 241 nm for complex Il, 245 nm
for complex lll, and 245 nm for complex IV. While the
absorption bands at wavelengths belong to metal —
ligand (M—L) transitions, the intense peaks observed
at 231 nm for complex IV and 234 nm for complex IV
are ligand — metal (L—M) are considered to belong to
the charge transfer bands.

Table 4. UV-Vis spectra of metal-coumarilate mixed ligand complexes.

Transitions Mn(ll) Co(ll) Ni(ll) Cu(ll) Zn(ll) Cd(ln)
(oktahedral) (oktahedral) (oktahedral) (oktahedral) (oktahedral) (oktahedral)
303 493 678 730-420 401
o+d T T,F) (T, ~T,)F) (T, —T,)P 531 - 2Eg—2T
( 19_) 2g)( ) ( 19_> 29)( ) ( 19_) 29)( ) (2E —>2T,, ) ( g_> 29)
426 462
d-d - 4 4 3 3 - - -
(T TP CT, —°T, )(F)
3 3 381 B B
(3T10_)3T20)(F)
M— L 242 241 245 245 - -
LM - - - - 231 234
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4. Conclusions

Infrared spectra of heptaborate salt structures have
confirmed the peaks of v(-M-N) _—and v(-M-N)_
stretching vibrations, which indicate the presence
of a transition metal complex. As the characteristic
stretching vibrations of the heptaborate structure, the
-OH stretching vibrations of the B-OH bonds present in
the structures and the asymmetric and symmetrical v
(-B-O)BO,,,,,, and ¥(-B-O)BO,_  stretching vibrations,
which confirm the presence of four trigonal borate
molecules in the structures, appear as sharp peaks.
have been found out. At the same time, asymmetric
and symmetrical v(-B-O)Bo4asym and v(-B-O)BO4Sym
stretching vibrations, which can be attributed to the
anionic three tetrahedral borate structures in the
heptaborate rings, are also detected, and the tension
vibrations that can be attributed to the trigonal and
tetragonal v(-B-O) groups are close to each other.
supports that the polyborate derivative in all structures
is similar in structure. Data on thermal decomposition
steps and decomposition products were collected from
thermal analysis curves showing similar decomposition
properties. It is thought that thermal decompositions
begin with the removal of the hydrate waters settled
outside the coordination sphere from the structures in
a single step and continue with the removal of -OH
groups in the heptaborate rings in the form of water
vapor. It is claimed that the organic ligands of the
metal complex burn away from the structure as the
final degradation step. The resulting powder was
supported by P-XRD data, in which black colored
residues of the corresponding metal oxide / boron
oxide remained in all of the reaction vessels as the
final degradation product of heptaborate compounds.
From the electronic transitions of metal cations, it was
determined that they have an octahedral coordination
geometry in the 2+ charge order.
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Hekzabortrler arasinda, dusik is fonksiyonu (2,4-2,9 eV), yluksek erime sicakhgi, disik
buharlagsma sicakhgi ve yliksek kimyasal kararliligi gibi essiz 6zellikleriile lantan hekzaborir
6ne cikmaktadir. Bu galismada, elektron kayna@i olarak, LaB, katotlarin magnetron
sigratma sistemi kullanilarak ince film filament olarak Uretiimesi amacglanmistir. Alttas
olarak kullanilan molibden (Mo), tungsten (W) ve tantal (Ta) tellerin (zerine magnetron
sigratma sistemi kullanilarak lantan hekzaborir film kaplama gergeklestirilmistir. Fiziksel,
kimyasal ve mikroyap! &zellikler incelenmigtir. LaB, kaplanmadan 6nce diflizyon bariyeri
olarak grafit formunda karbon kaplamasi yapilarak alttas ile hedef malzeme arasinda
diftizyon bariyeri olusturulmustur. Elde edilen filmlerin termiyonik emisyon davranislari
analiz edilmis ve termiyonik emisyon 6lglimlerinin is fonksiyonu degeri 2,4 eV baz degeri
olarak hesaplanmistir. Bu galismada, tungsten alttas tel Gizerinde yapilan filmler igin benzer
bir sonug elde edilmis ve ortalama is fonksiyonu degerleri gozlendi. Diger alttas tellerindeki
filmlerde ise is fonksiyonu degerlerinin yiiksek oldugu gozlemlenmigtir.

Thermionic emission behaviors of lanthanum hexaboride coated W/Mo/Ta
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as a low work function (2.4-2.9 eV), high melting temperature, low evaporation temperature,
and high chemical stability. In this study, it was aimed to produce LaB, cathodes as thin film
filaments by using magnetron sputtering system as electron source. Lanthanum hexaboride
film coating was performed on molybdenum (Mo), tungsten (W), and tantalum (Ta) wires
used as substrates, using a magnetron sputtering system. The physical, chemical, and
microstructural properties were analyzed and examined. Before applying the LaB coating,
a diffusion barrier was created between the substrate and the target material by using
carbon coating in the form of graphite. The thermionic emission behaviors of the resulting
films were analyzed, and the work function value of the thermionic emission measurements
was calculated as a base value of 2.4 eV. In this study, similar result for the film made on
the tungsten substrate wire was obtained, with average work function values was observed.
It was observed that the work function values were high in the films on the other substrate
wires.

1. Girig (Introduction)

Periyodik tablodaki Ill Agrubunun en hafif ve tek metalik

toprak hekzaborurleri metal katotlara alternatif olarak
biylk é6nem kazanmistir. [3-9,15]. lki degerlige sahip
toprak alkali hekzaborUrlerin siradisi mertebede

olmayan elementi olan bor, karbona benzer ilgi ¢ekici
dzellikler gdstermektedir [1]. inorganik bor bilegiklerinin
termiyonik katot malzemesi olarak uygulanmasi
konusu hakkinda 6énemli bir literatlr olusmustur [1,2].
Dusuk is fonksiyonu, yiksek mekanik dayanim, ylksek
elektron emisyonu, yuksek erime noktasi, diusik
elektrik 6zdirenci, yluksek sicaklikta disik uguculuk
ve ylksek kimyasal diren¢ 6zelliklerine sahip, en iyi
elektron yayan malzemeler olarak kabul edilen nadir

yuksek elektriksel iletkenligi hem bant bosluklarinin
ortusmesi hem de bariyer konsantrasyonu agisindan
aciklanmis; empdritelerin ve metal bosluklarin etkisi,
¢cok dusuk seviyelerde iki degerlikli bilesiklerin metalik
davranis sergilenmesine neden olabilecegi deneysel
sonuglarda oldukga belirgindir [10-12]. Elektriksel
olarak iletkenlik deg@erleri incelendiginde, termoelektrik
malzeme agisindan  hekzaborirlerin  kullanim
potansiyeline yol agmaktadir [13,14].

*Corresponding author: bahadir.tunaboylu@marmara.edu.tr
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Bir metal sitildiginda, ylzeyinden elektronlarin
ayrilmaya baglamasi ile termiyonik emisyon meydana
gelmektedir. Metal malzemenin fermi seviyesinden
bir elektron ¢ikarmak ve onu o metalin etkisinden
kurtarmak icin bir enerji gerekmektedir. Bu enerji is
fonksiyonu olarak bilinmekte ve metal malzemeler
icin ayirt edici bir dzelliktir. Bir anlamda, is fonksiyonu,
Fermi seviyesindeki bir elektronun yiizeyden bosluga
yayllmasini dnleyen enerji bariyerini temsil eder. Bu
bariyer, bir y1din bileseni ve bir yluzey bileseni olmak
tizere iki bilesenden olusur. Is fonksiyonu, deneysel
olarak ayrilamayan iki bilesenin kombinasyonu olarak
Olculir. Termiyonik emisyon yuksek sicaklikta (>1000
K) gergeklesir. is fonksiyonu, vakum seviyesi ile Fermi
seviyesi arasindaki fark olarak tanimlandigindan
ve Fermi seviyesindeki enerji (E.) sicakliga bagli
oldugundan, 1000 K tizerindeki sicakliklarda (genellikle
bu sicakligin tzerinde termiyonik emisyon olugmakta),
E.nin T ile degisimi, is fonksiyonunu T ile degistirecek
ve bu da termiyonik emisyonu etkileyecektir [21].
Termiyonik elektron kaynaklari, katot malzemesinin is
fonksiyonunu asmak ve yeterince yuksek sicakliklarda
elektronlar olusturmak igin yeterli enerjiyi kazanir
[22,23]. Termiyonik yayicinin akim yogunlugu (J),
Richardson-Dushman denklemi (Es.1) ile ifade edilir:
[16].

J = AT?exp(— ) (1)

A, ¢ ve T, k sirasiyla Richardson sabitini veya emisyon
sabitini, is fonksiyonunu, emisyonun gerceklestigi
sicakligi ve Boltzmann sabitini temsil eder. Es.2'de
Richardson-Dushman denkleminin logaritmik olarak
donustirilmis hali ile elde edilen grafikte log(J/T?) ve
1/T noktalari bir egim olusturacaktir. Egim Uzerinde
olusan denklem ile ¢ /k ifadesinden is fonksiyonu
hesaplanacaktir.

log (14) = log(a) — L& @

Magnetron sigratma yontemiyle bu tir filaman
teller Uzerinde kaplanan filmlerin emisyon ve diger
parametreleri Uzerinde c¢alisma yapilmamistir. Bu
¢alismada tungsten, tantal ve molibden filament tellerin
Uzerine yeni bir yaklasim olarak magnetron sigratma
yontemi ile ince film olarak LaB, kaplama yapiimistir.
Farkli bir yontem olan Femtosecond laser deposition
metodu ile silisyum, tungsten ve tantal silindir Uzeri
kaplamalar Belluci ve ark, 2020 tarafindan yapilmis,
film kalinhi@i ve is fonksiyonu incelenmistir [25].

2. Malzemeler ve Yontemler (Materials and Methods)
2.1. Hedef Malzeme (Target Material)

Hekzaborlrler incelendiginde, 2,4-2,9 eV arasindaki
dislk is fonksiyonu, ylksek erime sicakligi, duslk
buharlasma sicakhgi ve yuksek kimyasal kararlihgi gibi
essiz Ozellikleri ile lantan hekzaborur termiyonik emitor
kaynagi olarak bu ¢alismada kullaniimistir [2,17-20].

Bu galismada, hedef malzeme Beijing Goodwill Metal
firmasi tarafindan Uretilen ¢api 76 mm, 10 mm
kalinhiginda 99,9% saflikta LaB, disk kullaniimistir.

2.2. Alttas Teller (Substrate Wires)

Kaplanilacak alttas malzeme olarak, 1950°C ve Uzeri
sicakliklarda da kararlihgini koruyabilen tungsten,
molibden ve tantal telleri alttas tel olarak secilmigtir.
Bu c¢alismada ¢aplari sirasiyla 0,7 mm, 1,0 mm ve 1,1
mm olmak Uzere Beijing Goodwill Metal firmasindan
temin edilen Mo, Ta ve W alttas telleri kullaniimistir.
Tel uzunluklari belirlenirken termiyonik emisyon
Olciminde kullanilacak cihazin numune tutucu
boyutlari g6z 6nlne alinmigtir. Tel uzunluklari 30
mm’dir.

2.3. Yontemler (Methods)

Fiziksel buhar biriktirme metotlarindan biri olan
magnetron sigratma sistemi kullanilarak tantalum,
tungsten ve molibden alttas teller, LaB, ile kaplanmistir.
Kaplanan filmlerin sitokiyometrisi Uzerindeki kolay
kontrol edilebilirligi, dUslk sicakliklarda ylksek kaliteli
filmleri biriktirme acgisindan magnetron sigratma
yontemi tercih edilmistir. Kaplama sonrasi hedef
malzemelerin alttasa yapigabilirliginin incelenmesi
ve gelistirimesi Uzerine calisiimistir. Alttas teller
aseton ve ylksek saflikta alkol kullanilarak ultrasonik
temizleyicide temizlenmis ve daha sonra da
kurutulmustur. Temizleme isleminin amaci, alttas
tellerin  ylzeyindeki empdritelerin  giderilmesidir.
Sonrasinda alttas teller Marmara Universitesi Metalurji
ve Malzeme Mihendisligi Bolimu, ileri Teknoloji
laboratuvarinda SC7620 Mini Sputter Coater cihazi
ile ara katman kaplamasi yapilmistir. Ara katman
olarak karbon secilmis ve grafit formunda kaplama
yaplimistir.  Karbon  kaplamasi  gercgeklestirilen
numuneler, Marmara Universitesi MEMS/NEMS
Laboratuvarr’nda bulunan ince film kaplama sistemi ile
LaB, kaplamasi fiziksel buhar biriktirme yontemi (PVD)
ile yapiimistir. LaB, hedef malzemesi radyo frekans
(RF) kaynagina yerlestirilerek deney baslatiimistir.
Deney suresince plazma olusumu gdézlenmis ve
plazma stabilizasyonu saglanmistir. Deneyde glg¢
degeri baslangig olarak 20 W degerinde olup 0,5 W/s
oraninda 80W degerine kadar plasma stabilizasyonu
saglanarak cikariimistir. 240 dakika sonunda kalinlik
yaklasik 214 nm seviyesine ulastiginda sistem
kapatilmistir.  Kaplama sonrasinda numunelerin
mekaniksel ve fiziksel 6zelliklin gelistiriimesi amaciyla
400°C sicaklikta Argon gazi altinda 10-1 mbar basing
altinda 4 saat tavlama islemi uygulanmistir. Elde
edilen numunelerin karakterizasyon analizleri X-isini
fotoelektron spektroskopisi (XPS), X-isini kristalografisi
(XRD), enerji dagilimh  X-lIsini  spektroskopisi
(EDS), taramali elektron mikroskopisi (SEM) ve
termiyonik emisyon olarak yapilmistir. Numuneler,
analizler sonrasinda termiyonik elektron emisyon
testine Tablo 1'deki parametreler dogrultusunda
teste tabi tutulmustur. Paul Lulai tarafindan yapilan
"Determination of Filament Work Function in Vacuum"
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adli calismadan faydalanilarak filamentlerin termiyonik
emisyon hesaplamalari yapilmistir. Calisma UHV
kosullarinda yapilmistir ancak bu c¢alismada UHV
ortami saglanamamistir. Test slresince numuneler
gorsel olarak gézlemlenmistir. Test sirasinda filament
Uzerinde emisyon gergeklestigine dair renk degisimi
g6zlemlenmigtir. Testte kullanilan anot olarak bias
plakasi test sonrasinda ylzeyinde renk degisimi
g6zlemlenmigtir. Plaka Uzerinde mavi ve mor
olmak Uzere iki farkh renk goézlemlenmistir. Mor ve
mavi renklerin gorilmesi emisyon akimi suresince
LaB, yogunlugunun 95% ve Uzerinde oldugunu
gOstermektedir.

Tablo 1. Test parametreleri (Test parameters).

Parametre Deger
Filamenti isitici gli¢  80<x<100 Watt
Bias gerilimi >140 V+
Katot-Anot uzakhk 4 mm
Ortam Ar (gaz)
Basing (mbar) 103> x >10?

3. Bulgular ve Tartisma (Results and Discussion)
3.1. XRD Analizi (XRD Analysis)

XRD analizi, direkt olarak tel numuneler (zerinden
XRD 6lgima alinamamis ve XRD 6lgimi alinmasi
icin ayni kaplama parametreleri ile LaB, kaplanan gelik
substrat kullaniimistir. Giris agisi Omega 0,5 derece
ile ince-flm secenedi ile 2 Theta gorintilenmesi
yapilmigtir.  Numuneye gdnderilen X 1ginlarinin
sadece ince film kaplamadaki atomlardan difrakte
olmasi 6nem arz ettiginden giris agisini omega 0,5
secilmisti. GAXRD metodu kullanilarak omega agisi
0,5 derecede sabitlenmistir. Bu ag¢i degeri buyurse
ince film ylzeyinden substrat ylzeyine penetre olma
olasihgi artar ve saglikh sonuglar elde edilemeyecektir.
Acl daha dusuk degerde sabitlenirse eger elde
edilecek sonuglarin kalitesi dugecektir. Dolayisiyla 0,5
derecelik omega agisi sabitlenerek dlgim yapilmistir.
Kaynag! grazing acisinda sabitledigimizde yalnizca
ince filme isin verilmis ve yalnizca filmden kirinim
elde edilmigtir. Elde edilen sonuglara gore (Sekil 1)
LaB, fazi goérllmistar; ancak piklerde 0,4-0,6 derece
degerleri arasinda bir kayma olusmasi ile piklerde
geniglik olusmustur. Bu durumun sebebi; kaplama
sonrasinda olusan i¢ gerilmeler, kompozisyonda
degisen bor miktari veya yapi igerisine sonradan dahil
olan empdiriteler olabilir.

LaB, ile yapilmis farkli kaplamalarin kristal boyutu ile
ilgili dnceden yapilan bir calisma bulunamamistir. Bu
galismada LaB, ince film kaplamasina ait ortalama
kristal boyutu ise 41,5 A olarak tespit edilmistir (Tablo
2). Chen v.d. calismasinda LaB, sinterlenen hedef igin
kristal boyutunu 88-98 nm araliginda raporlamistir
[24].
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Sekil 1. LaB, ile kaplanmig numuneye ait XRD deseni
(Ustte) ve numuneye ait pikler (altta) (The XRD pattern of
sample coated with LaB, (above) and the corresponding
peaks of the sample (below)).

Tablo 2. LaB ile kaplanmis numunenin XRD analizin pik
poziyonlari, MYTG (maksimum yarisi tam genislik) ve
kristal boyutu. (The peak positions, FWHM and crystal size
of the sample coated with LaB, in the XRD analysis).

Kristal
No. Poz. [°260] FP,V\;He;VI Boyutu h k |
[A]
1 20,58508 1,44 54 010
2 29,54234 1,92 39 0 1 1
3 36,55861 24 34 11 1
4  42,45811 2,88 43 0 2 0
5  48,05585 2,88 34 0 2 1
6  53,39784 24 45 1.2 1
Ortalama Kristal Boyutu 41,5

3.2. XPS Analizi (XPS Analysis)

Kaplanmis numunelerin XPS analizleri Tablo 3’te
verilmigtir. LaB /Mo ve LaB /Tanumunelerinden sadece
kaplamadan veri geldigi, LaB/W numunesinden
ise ¢ok disuUk siddette tungsten pikinin var oldugu
g6zlemlenmistir. Diger sonuglar ile kiyaslandiginda
LaB/W numunesinin film kaplamasinin  diger
filmlere kiyasla ince oldugunu gdsterebilir. Ayrica
kaplama calismalari ¢ift eksenli dénme sistemi
kullanilarak yUritilmis olsa da fiziksel buhar
biriktirme sistemlerinin tek eksenli olarak kaplama

Tablo 3. LaB, kaplanmis alttas tellere ait XPS analiz
sonuglari (% atomik). (XPS results of the substrate wires
coated with LaB, (% atomic)).

Mo(%) W(%) Ta(%)
B1s 55,48 54,99 64,17
Cis 24,06 21,72 13,38
O1s 14,39 15,00 14,42
La3d 6,07 7,30 8,02
w4f X 0,99 X
Mo3d X X X
Ta4f X X X
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yapmasi nedeniyle numunelerde farkh bdlgelerde
gblgelenme olusmasindan kaynakli daha az biriktirme
gerceklesmesi de mimkuandir.

BUtlin numunelerde bor miktarinin sitokiyometriden
farkli oldugu goézlemlenmistir. Buna, lantan ve bor
atomlarinin sigratma verimlerinin ve atomik kutlelerinin
birbirlerinden farkli olmasinin sebep olabilecedi
distnlilmektedir.  Metal  borlrlerin  magnetron
sigratma yontemi ile biriktiriimesinde, bor bakimindan
zenginlesme sik sik gorulen bir durumdur. Magnetron
sigratma yontemi ile elde edilen kaplamalarda genel
olarak go0zenekler meydana geldidi igin vakum
odasindan c¢ikartildiktan sonra numune Uzerindeki
bu gbzeneklere kolaylikla oksijen girebilmektedir.
XPS sonuglarinda gézlemlenen oksijen, genel olarak
yuzeyde tutunan havadan gelen oksijen kaynakhdir.
Karbon ise, ara katman olarak kaplanan karbondan
gelmektedir. Yapida fazla olan borun bir kisminin yapi
icerisindeki C ve O ile bag yaptigi disunutlmektedir.
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Sekil 2. LaB, kapli alttas tellerin XPS spektrumu. a) Mo,

b) Ta, c) W. (XPS spectrum of substrate wires coated with

LaB, a) Mo, b) Ta, c) W).

Kaplanan LaB; filmlerinin varligi ve elemental
spektrumu XPS analizi ile ayrica teyit edilmis olup XPS
spektrumlari Sekil 2 ve Sekil 3'te sunulmustur. XPS
spektrumunda da goraldagu tzere film oksitlenmistir.
Spektrum Uzerinde, lantanyum, bor ve oksijen disinda
herhangi bir elemente ait pik gdzlemlenmemistir.

Sayim Degeri (x103)

1000 800 600 400 200 O
Baglanma Enerjisi (eV)

Sekil 3. LaB,/Mo, LaB /W ve LaB,/Ta filmlere ait XPS

spektrumu. (XPS spectrum of LaB /Mo, LaB /W, and LaB,/

Ta films).

T
1200

3.3. SEM Analizi (SEM Analysis)

Kaplanmis numunelerin 5000x ve 10000x buylutmede
goruntuleri Sekil 4'te gosterilmistir. Tantal ve molibden
numunelerinin yuzeyleri tel sekillendirmeden dolayi
daha purGzli bir ylizey olustugu goézlemlenmistir.
Alttas numuneler igerisinde tungsten telinin daha
sert olmasi nedeniyle film ylzeyi c¢cok daha az
purizli gdézlemlenmistir. Her U¢ numunede hedef
malzemenin (LaB)), alttas tellerin ylzeylerine kuvvetli
bir yapisabilirlik gésterdigi gdzlemlenmistir.

3.4. EDS Analizi (EDS Analysis)

LaB, kaplanmis numunelerin EDS alan goruntuleri
Sekil 5’te verilmistir. EDS kompozisyon degerlerinde
sapmalarin ortalama %10 oldudu ve bunun
sistemin spektral 6lcme metodundan kaynaklandigi
disUnulmektedir. Sonuglar incelendiginde, oksijen
elementinin tespit edilmistir (Tablo 4, Tablo 5 ve
Tablo 6). Magnetron sigratma sistemi ile elde edilen
kaplamalarin ylzeylerinin genel olarak go6zenekli
olmasindan dolayr vakum odasindan c¢ikarildiktan
sonra numune igerisine oksijen elementi kolayca
bulagmistir.

3.5. Termiyonik Emisyon Testi (Thermionic Emission
Analysis)

Elektron Emisyon sonuglari hesaplanirken
Richardson-Dushman  modeli  kullanilarak  elde
edilen grafikler Sekil 6’da, elektron emisyon testi
sonrasinda elde edilen sonuglar Tablo 5’de verilmistir.
Bu model ile elde edilen emisyon akim yogunlugu
ve sicaklk iligkisini gosteren grafikler Sekil 7’de
verilmistir. Test numunelerinin analizlerinden 6nce
referans numunelerin analizleri yapilmistir. Onceki
literatlir gcalismalari (kabul edilen referans degerler)
ile kiyaslanarak testin hata payl hesaplanmigtir.
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Sekil 4. LaB, kaplanmis tellerin 5000x ve 10000x SEM gérintdleri. a) Mo, b) Ta, ¢) W. (SEM images of wires coated with
LaB, at 5000x and 10000x magpnification. a) Mo, b) Ta, c) W).

(b)

Sekil 5. LaB, kaplanmig numunelerin EDS alan gdruntdleri. a) LaB /Mo, b) LaB,/Ta, c) LaB,/W (EDS elemental mapping
images of the coated samples. a) LaB/Mo, b) LaB6/Ta, c) LaB/W).
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Tablo 4. LaB /Mo, LaB/Ta ve LaB /W numunelerinin EDS
kantitatif analizi. (EDS quantitative analysis of the LaB, /Mo,
LaB,/Ta and LaB,/W samples).

LaB /Mo LaB /Ta LaB,/W
Ele- Agirhk- Atomik Agirlik- Atomik Agirhk- Atomik
ment ca(%) (%) ca(%) (%) ca(%) (%)
B K 20,14 40,16 25,47 44,76 23,26 41,83
oK 26,22 3554 10,3 32,39 23,89 31,09
MoL 25,61 20,37 - - - -
LaL 28,03 393 2293 12,64 28,7 2249
TalL - - 41,3 10,21 - -
WL - - - - 2415 4,59

Tablo 5. Termiyonik Emisyon testi sonucu (Thermionic
emission test result).

Numune is Fonksiyonu (eV)
LaB /Ta 2,62-2,65
LaB /W 2,41-2,43
LaB,/Mo 2,80-2,84

Grafikler incelendiginde 1350 K sicakhgindan itibaren
emisyon akim yogunlugu exponansiyel olarak artis
gosterdigi anlasiimaktadir. Sekil 6’da ki grafiklerin
egrilerinde A, B, C noktalarindan sonra satiire egilimi
gOsterecegi aralik tespit edilememistir. 1500 K ve Uzeri
sicakliklarda test yapildiginda satiire egilimi hakkinda
sonuglar alinacagi 6ngorilmektedir..
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Sekil 6. LaB, kaplanmig numunelerinin Richardson-
Dushman denklem grafigi (Richardson-Dushman equation
graph of the samples coated with LaB).
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Sekil 7. LaB, kaplanmis tantal, tungsten ve molibden alttag
numunelerin emisyon akim yodunlugu ve sicaklik grafikleri
(Current density and temperature graphs of tantalum,
tungsten, and molybdenum substrate samples coated with
LaBy).

4. Sonuglar (Conclusions)

Bu calismada kaplama kalinhdinin degisimi ile ilgili
bir g¢alisma gercgeklestiriiememistir. Bu ¢alismada
kaplanan ve analiz edilen filmlerin kalinlig1 yaklasik
214 nm olarak olgulmustir. Kaplanan filmlerin gok
ince olmasi nedeniyle kesitten 6lgme calismalari
basarili olamamistir. Sonraki calismalarda kalinlik ile
fiziksel 6zelliklerin incelenmesi faydali olacaktir.

Gergeklestirilen testler kaplanmis numune tellerin
Uzerinde gergeklegtirilmistir. Hata payi tespit edilmesi
icin alttas teller de teste tabi tutulmus ve sonuclar
referans degerler ile karsilastirimistir. Hata payi
%4,22 olarak tespit edilmistir. Farkl capta teller igin
is fonksiyonu degerleri hesaplanmistir. Fiziksel buhar
biriktirme ydntemi ile kaplama calismalarinda olusan
plazmanin mor renkte olmasi lantanyum hekzaborir
iceriginde bor ve lantan oraninin 5,85-6,00 degerleri
arasinda oldugunu, numunelerin kaplama sonrasi
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yuzeylerinin koyu mor renk olmasi ile bor ve lantan
oraninin  6,00-6,25 degerleri arasinda oldugunu,
onceki yapilan literatlir calismalari desteklemektedir.
Termiyonik emisyon Olgiim testi sonrasinda anot
bias plakada goérilen mavi ve mor renklerin, elektron
Isima (termiyonik emisyon akimi) suresince bor ve
lantan oraninin degistigini ve 6,25-6,50 degerleri
arasinda oldugunu goéstermesi yine onceki literatir
galismalari  tarafindan  desteklenmektedir.  Bu
dogrultuda, kaplanmis numunelere 673 K ve 1500 K
sicakliklarinda uygulanan isil iglemin numuneleri bor
elementi agisindan oransal olarak zenginlestirdigi
anlasiimaktadir.  Numunelerde bor elementinin
zenginlesmesi, uygulanan gerilimin yarattigi etkinin
daha yiiksek olmasina sebep olmaktadir. Onceki
literatir calismalari  incelendiginde, lantanyum
hekzaborlriin atom yipranma (attrition) oraninin
dusukliglnin, bor atomunun oransal olarak
zenginliginden  kaynakli  oldugu  anlagiimistir.
Termiyonik yayinim agisindan ideal bir malzemenin,
atom kaybi de@erinin disik ve elektron emisyon
akisinin yuksek oldugunu goéstermistir. Termiyonik
Ozelliklerin ideale yakin olmasini, bor ve lantan
oraninin yuksek olmasi ile sodyleyebiliriz. Fakat
kullanim Oomrinin kesin bir sekilde ifade edilmesi
acgisindan, 1500 K ve Uzeri sicakliklarda testlerin
devam edilmesinin  gerekliligi, kararh  ylzey
kompozisyonunun tespit edilmesi bakimindan ciddi
onemli oldugunu soéyleyebiliriz.

Onceki literatir calismalar dikkate alindiginda,
1000 K ve 1500 K sicakliklari araliginda lantanyum
hekzaborlrin yuzey is fonksiyonu 2,86-2,91 eV
degerleri arasinda olmasi degerlendirildigin de
kaplanmis numunelerin is fonksiyonu degerlerinin
bu degerlere yakin oldugu soéylenebilir. Yapilan bir
calismada tungsten, silikon ve tantal alttas numuneler
Uzerine 10 nm ve 20 nm kalinhk araliginda lantan
hekzaborlr ince film kaplamalari fs-PLD metodu ile
yapilarak en verimli termiyonik emisyon sonuglari
alinmig, en diisik is fonksiyonu degeri 2,59 eV olarak
hesaplanmistir. Bu kristalin is fonksiyonu 2,70 eV
degerine yakin oldugunu sdyleyebiliriz. RF (radyo
frekans) magnetron sigratma yéntemi ile renyum serit
ve tungsten alttas telleri Uzerine yapilan kaplama
c¢alismasinda, SEM analizleri sonucunda 1000 Watt
gu¢ kullanilarak elde edilen kaplamalarda alttas
numuneye iyi yapigabilirlik gdsteren yogun stdtunumsu
bir kristal yapi, 250 watt gli¢ kullanilarak elde edilen
kaplanmis numunelerde ise kaba ve amorf bir yapi
g6zlemlenmistir. Numunelere uygulanan blikme-
egrilme sebebiyle kristal kaplamalarda bir soyulma
g6zlemlenmemig, termiyonik emisyon O&lglmlerinin
is fonksiyonu degeri 2,4 eV olarak hesaplanmistir.
Taban bir deger olarak ortaya c¢ikan bu deger,
kaplama yogunlugunun degisiklik gostermesi veya
tungsten Uzerinde meydana gelen kismi amorf
yapidan kaynakli olusabilecegi dusuntlmektedir.
Gergeklestirdigimiz bu c¢alismamizda, ortalama is
fonksiyonu degerlerinde tungsten alttas telinin Uzerine
yapilan filmde de benzer bir sonu¢ elde edilmigtir.

Diger alttaglardaki is fonksiyonu degerleri daha
yuksek oldugu gozlemlenmistir.

Malzemenin termiyonik ozelliklerinin kararliigi igin
1500 K ve uzeri sicakliklarda isil iglem uygulanmasi
yuksek derecede o6nemli oldugu gozlemlenmigtir.
Bununla birlikte 1sil islem uygulama sicakliklarinin
daha da arttinlmasi ile daha olumlu bir degisim
gOzlemlenmesi icin daha fazla test yapilmalidir.
Bilhassa sature baslangici gézlemlenmelidir. Atmosfer
ortaminda, numunelere uygulanan vyiksek akim
ile yapilan emisyon testlerinde filmlerin ve tellerin
oksitlendigi anlasiimistir. Vakum ortaminda olmasi
yuksek dnem arz etmektedir.

5. Simgeler (Symbols)

¢ s fonksiyonu
k Boltzman sabiti
T  Sicaklk
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