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Grafit/PTFE destekli bor takviyeli ¢cinko oksit elektrot liretimi ve borun
super kapasitor performansina etkisi
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Anahtar kelimeler:
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Bor katkili ZnO
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Bu calismada, bor takviyeli ¢inko oksit (ZnO:B) parcaciklar hidrotermal yontem ile ¢inko
nitrat hekzahidrat (Zn(NO,)2.6H,0) éncl ¢ozeltisi kullanilarak Gretilmistir. ZnO:B toglarlnln
sentezinde bor agirlikga (ag.) %5, %10, %15 ve %20 oranlarinda katkilanmistir. Uretilen
ZnO:B yapllarin fiziksel karakterizasyonu X-igini kirimimi (XRD) ve taramali elektron
mikroskopu (SEM) ile gerceklestiriimistir. Analiz sonuglarindan ZnO:B parcaciklarin
hekzagonal virtsit yapida kristallestigi ve morfolojik yapilarinin hekzagonal ¢cubuk seklinde
oldugu goézlemlenmistir. Grafit/PTFE destekli ZnO:B elektrotlar; %10 politetrafloroetilen
(PTFE), %20 iletken grafit ile %70 ZnO:B tozlar karistirilarak nikel (Ni) kdpik tzerine 1
cm? lik alan olusturacak sekilde hazirlanmistir. Grafit/PTFE destekli ZnO:B elektrotlarin
kapasitans olgiimleri déngiisel voltametri (CV) yontemi ile yapilmistir. Olgiimler oda
sicakhginda gergeklestiriimis ve elektrolit sivisi olarak 6M KOH c¢ozeltisi kullaniimistir.
Agirlikga farkli bor oranlari ile hazirlanan Grafit/PTFE/ZnO:B elektrotlarin elektrokimyasal
dzellikleri arastirimistir. Uretilen Grafit/PTFE/ZnO:B elektrotlarinda bor konsantrasyonu
arttikca kapasitans degerlerinin sistematik bir sekilde arttigi gdézlemlenmistir. Ayrica agirlikga
%20 bor takviyeli Grafit/PTFE/ZnO:B elektrotun maksimum spesifik kapasitans degerine
(29,41 F/g) ulastigi ve katkisiz Grafit/PTFE/ZnO elektrota gore 5 kat daha iyi performans
sagladigi gozlemlenmistir.

Production of graphite/PTFE supported boron-reinforced zinc oxide
electrodes and the effect of boron on supercapacitor performance

ARTICLE INFO

ABSTRACT

Article History:

Received August 31, 2022
Accepted January 22, 2023
Available online March 31, 2023

Research Article
DOI: 10.30728/boron.1168811

Keywords:

Boron

Boron doped ZnO
Supercapacitor electrode

In this study, boron-reinforced zinc oxide (ZnO:B) particles were produced by hydrothermal
method using zinc nitrate hexahydrate (Zn(NO,),.6H,0) as precursor solution. For the
synthesis of ZnO:B powders, boron was added at 5%, 10%, 15% and 20% by weight. Physical
characterization of the produced ZnO:B structures was performed by X-ray diffraction (XRD)
and scanning electron microscope (SEM). From the results of the analysis, it wasobserved that
the ZnO:B particles crystallized in the hexagonal wirtzite structure and their morphological
structures were in the form of hexagonal rods. Graphite/PTFE/ZnO:B electrodes were
prepared by mixing 10 wt% Polytetrafluoroethylene (PTFE), 20 wt% conductive graphite and
70 wt% ZnO:B powders to form an area of 1 cm? on Ni foam. Capacitance measurements of
Graphite/PTFE/ZnO:B electrodes were made by cyclic. Measurements were made at room
temperature and 6M KOH solution was used as the electrolyte liquid. The electrochemical
properties of ZnO:B electrodes prepared with different boron ratios were investigated. It was
observed that the capacitance values of the produced Graphite/PTFE/ZnO:B electrodes
increased systematically as the boron concentration increased. In addition, it was observed
that the electrode obtained by using (20 wt%) Graphite/PTFE/ZnO:B particles reaches the
maximum specific capacitance value (29.41 F/g) and provides five-fold better performance
than the undoped Graphite/PTFE/ZnO electrode.

1. Girig (Introduction)

gereksinimi arttirmaktadir [1]. Diinya genelinde ekono-
minin hizla gelismesi ve nlfus patlamasiyla birlikte fosil

Sirekli artan enerji talebi ve kiresel 1Isinmanin gide- yakitlarin tiketimi dnemli dl¢lide hizlanmakta ve buna
rek hizlanmasi yenilenebilir enerji kaynaklarina olan  bagli olarak enerji kaynaklari hizla tikenmektedir. Bu
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nedenle galismalar yenilenebilir enerji, yiksek verimli
enerji donustirme yontemleri ve enerji depolama tek-
nolojileri Gizerinde yogunlasmaktadir [2]. Stper kapasi-
torler [3-5] ve yakit hicreleri [6] gibi yuksek verimlilige
sahip gelismis cihazlar, enerji depolama ve doénustur-
mede Ozellikle dnemlidir. Bu cihazlarin performansi
kritik olarak elektron akisina veya elektrot malzeme-
sinin iletkenligine baglidir [7, 8]. Yiuksek performansli
malzemeler, surdirdlebilir enerji alaninda kilit rol oy-
narlar [9-11]. Son zamanlarda metal oksitler, stiper ka-
pasitorler de elektrot malzemeleri olarak yaygin olarak
kullaniimaktadir. Metal oksitler arasinda c¢inko oksit
(ZnO), nispeten ylksek termal ve kimyasal kararlligi,
iyi oksidasyon direnci ve yuksek iletkenligi nedeniyle
Ustlin elektrokimyasal performanslar gostermistir [12].
Zn0O, nano dlzeyde c¢igek, teller, cubuklar ve tip sekli
dahil olmak Uzere ¢ok cgesitli morfolojilerle disuk si-
caklikta buyime (200-450 °C) konusunda yuksek
yetkinlige sahiptir [13-15]. Bununla birlikte, ZnO'nun
gelistirilmesi surecinde, yavas redoks kinetigi, yiksek
direngle buyuk oranlarda elektron tasima kapasitesi
ve dongu sirasinda dusuk hiz kapasitesi nedeniyle
super kapasitor elektrot malzemesi olarak dezavantaj
sunmaktadir [16-18]. Takviyeli metal oksit malzemeler
dezavantaji iyilestirmeye buyUk olgide yardimci olur
[19]. Literatirde Ag [20], Zr [21], Mn [22], Ni [23], Cd
[24], Co [25] ve Mg [26] gibi farkli elementler ile kat-
kil ZnO Uretimi Gzerine gesitli calismalar mevcuttur.
Bu calismada saf ZnQ’in spesifik kapasitans perfor-
mansini iyilestirmede bor elementi katki malzemesi
olarak secilmistir. Katkili metal oksitler; sol-jel teknigi
[27], hidrotermal yéntem [28], mikrodalga sentez [29],
elektrokimyasal biriktirme [30] gibi farkli ydontemlerle
sentezlenebilir. Hidrotermal ydntem basit, islenebi-
lir, dusuk maliyetli, disik sicaklik ve hizli sentez gibi
avantajlarindan dolayi yaygin olarak kullanilan bir yon-
temdir [31]. Bu yontemi ile nano boyutta ve tamamen
saf malzeme Uretmek mimkuindur. Ayrica hidrotermal
sentez, yuksek reaktivite, kolay solvent kontrolli, meta
stabil fazlarin olusumu, cevre dostu ve disik enerji
sarfiyati nedeniyle ilgi gekmektedir.

Bu calismada, ZnO ve agirlikca % bor takviyeli ZnO
parcaciklar hidrotermal yontem kullanilarak Gretilmis-
tir. Uretilen yapilarin fiziksel karakterizasyonlari in-
celenmigtir. Bor takviyesinin yapisal degisiklige etkisi
arastiriimistir. ZnO’e farkli bor oranlari (agirlikga %5,
%10, %15 ve %20) katkilanarak Grafit/politetrafloroe-
tilen (PTFE)/ZnO:B elektrotlarin elektrokimyasal per-
formansi incelenmis ve borun spesifik kapasitans de-
gerine etkisi arastirlimistir. Ayrica, Uretilen elektrotlarin
spesifik kapasitansi 100 déngl alinarak hesaplanmig
ve 100 doéngl sonunda elde edilen spesifik kapasi-
tans degerindeki % azalma miktarlari belirlenmistir.
Literatirde borun dislk oranlarda metal oksit mal-
zemelere katkilanmasi ile ilgili calismalar mevcuttur.
Fakat ZnO’e yuksek oranlarda bor takviyesine bagh
super kapasitor elektrot Gretimi ile ilgili yeterli galisma
bulunmamaktadir. Bu nedenle calismanin literatlre
katki saglamasi ve farkl metal oksit malzemelere kat-
kilanarak diger ¢alismalara 1s1k tutmasi amaclanmistir.

2. Malzemeler ve Yontemler (Materials and Methods)

Deneysel slregte ¢inko nitrat  hekzahidrat
(Zn(NQ,),.6H,0, %98, Sigma Aldrich), hekzametilen
tetramin (C,H,,N,, HMT, sentez igin, Merck), borik asit
(H,BO,, %98,5, sentez igin, Sigma Aldrich), amon-
yak ¢ozeltisi (NH,OH, %25, analiz i¢in, Merck), grafit
tozu (<20um, sentetik, Sigma Aldrich), PTFE (>40um,
Sigma Aldrich), 1-butanol (C,H, O, analiz i¢in, Merck),
potasyum hidroksit (KOH, %90, Tekkim).

2.1. Agirlikga Bor Takviyeli ZnO Tozlarin Sentezi
(Synthesis of Boron-Reinforced ZnO Powders by
Weight)

ZnO ve bor takviyeli ¢inko oksit (ZnO:B) tozlar, 6nci
¢Ozelti olarak Zn(NO,),.6H,O kullanilarak hidrotermal
yontem ile sentezlenmistir. 0,1 M Zn(NO,),.6H,0, 0,1
M H,BO, ve 0,1 M C,H, N, toplamda 100 ml ultra saf
suda ¢6zulmus ve 30 dk boyunca manyetik karistirici
da karnistirlmistir. Singh ve Haque calismasinda pH
ayarinin pargacik boyuta etki ettigi ve pH10’un opti-
mum deger oldugu rapor edilmistir [32]. Cdzeltinin
pH10 ayar yavas yavas NH,OH damlatilarak yapil-
mistir. Daha sonra ¢ozelti teflon kaba konularak, ce-
lik otoklava yerlestirilmistir. Otoklav 200°C de 3 saat
boyunca kdl firininda bekletilmistir. Kendiliginden oda
sicakliginda sogutulan ¢ozelti icerisinden ZnO:B par-
caciklar slzulerek alinmistir. ZnO:B tozlari organik
bilesiklerden arindirmak icin 3 kez ultra saf su ile yi-
kanmistir. Hidrotermal surecgte gerceklesen hidroksit
fazindan kurtarmak igin ZnO:B tozlara, 450°C de 1
saat sureyle termal bozunma islemi yapilmigtir. Ayni
islemler agirlikga bor takviyeli (%5, %10, %15, %20)
Zn0O:B pargaciklar igin tekrarlanmigtir. Calismada agir-
likca % bor takviyeli Gretilen ZnO tozlar: %5B; ZnO:5B,
%10B; Zn0:10B, %15B; Zn0:15B ve %20B; Zn0:20B
olarak kisaltilmistir. Sekil 1’de hidrotermal slrece ait
deney duzenegi gosterilmistir. Hidrotermal yontem ile
uretilen ZnO ve ZnO:B tozlarinin karakterizasyonlari X
isini kirtnimi (XRD) ve taramal elektron mikroskobu
(SEM) kullanilarak incelenmisgtir.

2.2. Grafit/PTFE Destekli ZnO:B Elektrot Uretimi
(Production of Graphite/PTFE Supported ZnO:B
Electrodes)

Slper kapasitdr elektrot olusturmak icin agirlikca
%20 grafit, %70 ZnO:B ve %10 politetrafloroetilenden
(PTFE) kanstirihp bitanol damlatilarak macun haline
getirilmistir. Macun Ni koplk Uzerine 1cm?lik alana
surllerek calisma elektrotu olusturulmus, oda sicakli-
ginda bekletilerek kurutulmustur. Zhu ve ark. yaptiklari
calismada gesitli baglayicilarin stperkapasitor perfor-
mansi Uzerine etkilerini arastirmis ve siper kapasitor-
ler icin maksimum spesifik kapasitansin agirlik¢ga %10
PTFE destekli aktif karbon elektrotu ile elde edildigini
bulmuslardir [33]. Elde edilen elektrotlarin kapasitans
Olgiimleri lviumstat potentiostat/galvanostat dongiisel
voltametrisi ile tipik U¢ elektrot dizenegdi kullanilarak
oda sicakhiginda gergeklestiriimistir. Olgiim diizene-
ginde calisma elektrotu (Grafit/PTFE/ZnO:B), referans
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Sekil 1. ZnO:B tozlarin hidrotermal sentez asamasi (Hydrothermal synthesis step of ZnO:B powders).

elektrotu (standart kalomel elektrot) ve karsit elektrot
(platin levha) kullaniimistir. Elektrokimyasal olglimler,
6M KOH elektrolit sivisi kullanilarak yapiimistir. Sekil
2'de Grafit/PTFE/ZnO:B elektrot yapimi ve tipik Ug¢
elektrot duzenegi gosterilmigtir.

TiPiK UC ELEKTROT DUZENEGI

Ni
KOPUK

BUTANOL

%70 ZnO:B MALZEME
%20 GRAFIT TOZU
%10 PTFE

Sekil 2. Grafit/PTFE/ZnO:B elektrot yapimi ve tipik ¢ elek-
trot dlizenegi (Graphite/PTFE/ZnO:B electrode construction and
typical three-electrode setup).

3. Sonuglar ve Tartisma (Results and Discussion)

Slper kapasitor elektrot yapiminda kullanilan farkli
bor konsantrasyonlarinda (agirikca %5, %10, %15,
%20) ZnO:B pargaciklarin XRD spektrumlari ve SEM
goruntuleri Sekil 3 ve Sekil 4’de gosterilmistir.

Elde edilen ZnO ve ZnO:B pargaciklarinin spektrumla-
rindaki pikler 26=32,6°; 35°; 36,8°; 47,8°; 56,5°; 62,5°
ve 67,6° oldugu gozlenmistir. Bu agi degerlerine kar-
silik gelen dizlemler ise sirasiyla (100), (002), (101),
(102), (110), (103) ve (112) olarak belirlenmistir. Bu aci
degerlerine karsilik gelen duzlemler elde edilen par-
caciklarin hekzagonal vurtsit yapili ZnO fazi oldugunu
gOstermektedir (PDF-2, referans kod: 01-079-2205).
Elde edilen ZnO:B pargaciklarinin XRD spektrumun-
da bor ve bor bilesiklerine ait herhangi bir pik gdzlen-
memigtir. Bunun nedeni bor atomlarinin Zn atomlari
ile yer degistirerek ZnO yapiya girdigi seklinde acik-
lanabilir. Ayrica bor katkisinin artmasi ile (001) pik
siddetinin azaldigi g6zlenmistir. Bu durum kristal ka-
litesinde azalmaya isaret etmektedir. Bor atomlarinin

Zn atomlari ile yer degistirerek ZnO yapiya girmesi ve
tepe yogunluguna bagli azalmasi olarak agiklanabilir.
I. grup lll. element olan bor, ZnO' ya katkilandiginda,
daha dusuk yarigapli B* atomlari, daha yiksek yari-
gapli Zn?* [34] atomlarinin yerini alir ve dondr (verici)
gOrevi gorir. Ayrica Hurma’nin 2019 yilinda yaptigi ca-
lismada, borun yuksek katkili konsantrasyonlarinda,
genel olarak, ¢gekirdeklenme merkezlerinin yogunlugu-
nun yuksek olmasina, bunun sonucu olarak da filmde
belirli icsel strese neden olacagdini ve konak kafesini
bozacagina vurgu yapmistir [35].

(101)

(100)
(002)
(102)
(110)
(103)
e,
(201)

%20B

%15B L-LL
W\MM

ul
Ll

T
30

E

S

Siddet

A A Ad

%5B

A A

%0B

T T T
40 50 60
20 (derece)

Sekil 3. ZnO ve ZnO:B pargaciklarin XRD spektrumlari
(XRD spectra of ZnO and ZnO:B particles).

10 2‘0 70

SEM goérintileri incelendiginde morfolojik yapinin bir-
lesik hekzagonal gubuklar seklinde gigcek formunda ol-
dugu gorilmustur. Sekil 4’deki ayni blyttmedeki SEM
gOruntuleri, borun takviyesine bagli olarak ortalama
tane boyutlarinin 6énemli Olgclide degistigini goster-
mistir. ZnO, Zn0O:5B ve Zn0:10B pargaciklarin mikro
boyutta oldugu, ZnO:15B ve Zn0:20B pargaciklarin
mikro alti boyutta oldudu tespit edilmistir. Senol ve
arkadaslari 2015 yilinda yaptiklari ¢alismasinda bor
katkisinin ZnO pargaciklarinin boyutunu kigulttigi
tespit edilmistir [36]. Parcacik boyutunun ki¢guk olmasi
birim alanda daha fazla pargacik ve bosluk bulunmasi
dolayisiyla parcaciklarin daha biyulk 6zel yizey alan
olusturmasini saglar. Bu durum elde edilen super ka-
pasitorlerin kapasitans degerlerinin artmasi agisindan
onemlidir.
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Sekil 4. ZnO ve ZnO:B pargaciklarin SEM gorintuleri (SEM images of ZnO and ZnO:B particles).

Grafit/PTFE/ZnO, GrafittPTFE/ZnO:5B, Grafit/PTFE/
Zn0O:10B, GrafittPTFE/ZnO:15B ve Grafit/PTFE/
Zn0:20B elektrotlarin elektrokimyasal analizleri kapa-
sitans, empedans ve sarj/desarj egrileri incelenerek
arastirlmistir. Elektrotlarin kapasitans degerleri don-
gusel voltamogram egrisinden yararlanarak C=lort/
(vxm) formili kullanilarak hesaplanmistir. Sekil 5'de
6M KOH sivi elektrolit icinde Grafit/PTFE/ZnO ve agir-
likca % B takviyeli GrafittPTFE/ZnO:B elektrotlarin
5mV/s tarama hizinda doéngusel voltametri (CV) so-
nuclari gosterilmistir.

CV egrilerin sonuglari, faradaik redoks reaksiyonunu
dogrular ve elektrot malzemesinin pil tipi davranisini
gosterir [37]. Sekil 5'deki CV egrileri incelendiginde
agirlik¢a farkli % B takviyeli Grafit/PTFE/ZnO:B elekt-
rotlarin Grafit/PTFE/ZnO elektrotuna kiyasla daha bu-
yuk bir alan olusturdugu goértlmusttr. Bu durum agirlik-
¢a farkli % B takviyeli Grafit/PTFE/ZnO:B elektrotlarda
daha fazla enerjinin depolandigini gdsterir [38]. Elde
edilen CV egrilerinin sekillerinin dikdértgenimsi yapi-
da oldugu belirlenmistir. CV egrisi altinda kalan alanin
bor takviyesi ile arttigi gdézlenmistir. Baska bir deyisle
ZnQO’e bor takviyesi kapasitif performansi arttirmistir.
Kristal yapiya bor katkilanmasi elektriksel iletkenligin

artmasini bdylece elektron ve yUkll iyonlarin daha et-
kili bir sekilde transfer olmasini saglamaktadir. Ayrica
kapasitif performansin artan bor oranina bagl siste-
matik olarak arttigi goralmustur. Elektrot yapiminda
altlik olarak kullanilan Ni képugun kapasitans degeri
de 6lclimus fakat deger ¢ok kiiguk oldugu i¢in géz ardi
edilmigtir.

| EMZnO
0.8 M ZnO:5B
B ZnO:10B
W Zn0:15B

04|

AKIM YOGUNLUGU (mA/cm?)

0,8

-600 460 -2b0 L] 250 460 600
POTANSIYEL (mV)

Sekil 5. GrafittPTFE/ZnO ve agirlikga farkli % B takviyeli

Grafit/PTFE/ZnO:B elektrotlarin dongisel voltamogram

grafikleri (Cyclic voltammogram plots of Graphite/PTFE/ZnO and

different wt% B reinforced Graphite/PTFE/ZnO:B electrodes).
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Tablo 1’de CV egrilerinden yararlanarak hesaplanan
Grafit/PTFE/ZnO ve agirlikca farkh % B takviyeli Grafit/
PTFE/ZnO:B elektrotlarin kapasitans degerleri goste-
rilmistir. Tablodan da goruldagu gibi bor katkisi arttikga
spesifik kapasitans degerlerinin arttigr gézlenmistir.

Tablo 1. Grafit/PTFE/ZnO ve agirlikga farkli % B takviyeli
Grafit/PTFE/ZnO:B elektrotlarin 5 mV/s tarama hizinda
hesaplanan spesifik kapasitans degerleri (Specific capaci-
tance values of Graphite/PTFE/ZnO and different wt% B reinforced
Graphite/PTFE/ZnO:B electrodes calculated at a scanning rate of
5 mV/s).

100 D6ngii Sonra

Bor orani Kapasitans Kapasitans
(Agirhkga %) (F/g) Degerindeki
Azalma Miktari (%)
Grafit/PTFE/ZnO 5,87 40
Grafit/PTFE/ZnO:5B 18,18 13
Grafit/PTFE/ZnO:10B 22,34 12
Grafit/PTFE/ZnO:15B 25,87 9
Grafit/PTFE/ZnO:20B 29,41 9

Grafit/PTFE/ZnO ve agirlikgca farkli oranlarda B tak-
viyeli Grafit/PTFE/ZnO:B elektrotlarin Nyquist grafik-
leri Sekil 6’da gosterilmistir. Nyquist grafikleri Gretilen
elektrotlarin elektrokimyasal empedans ol¢umlerini,
reel ve imajinal empedans degerlerini gostermektedir.
Olgiimler 0,01 Hz ile 100 KHz'lik frekans araliginda
gerceklestiriimistir. Elektrotun esdeger seri direncini
(ESR), Nyquist grafiginin reel ekseni (x-ekseni) kesti-
gi noktayi verir (yuksek frekans). Esdeger seri direng
sivi elektrolit (KOH), elektrot direnci (ZnO:B) ve elekt-
rot ile akim tasiyici tellerin kontak direncini igerir [39].
Nyquist grafiklerinden agirlikga %0, %5, %10, %15 ve
%20 bor takviyeli Grafit/PTFE/ZnO elektrotlarin ESR
degerleri sirayla 8,7; 8,2; 8,4; 8,3 ve 8,0 Q civarinda
Olgtlmustir. Genel olarak kuglk de olsa bor katkisinin
daha iyi bir iyonik iletkenlik sagladigi s6ylenebilir.
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Sekil 6. Grafit/PTFE/ZnO ve agirlikga farkli % B takviyeli
Grafit/PTFE/ZnO:B elektrotlarin Nyquist empedans
spektrumlari (Graphite/PTFE/ZnO and different wt% B reinforced
Graphite/PTFE/ZnO:B electrodes Nyquist impedance spectra of).

Sekil 7’de Grafit/PTFE/ZnO ve agirlikga farkh % B tak-
viyeli Grafit/PTFE/ZnO:B elektrotlarin elektriksel yik

sarj-desarj egrileri gésterilmistir. Olgiimler 0,5-1 Voltluk
deger arasinda 1,2 mA'lik sabit akim altinda yapilmis-
tir. Sarj-desarj egrilerinin dogrusal olmayan sekilleri
elektrokimyasal adsorpsiyon-desorpsiyon veya redoks
reaksiyonu nedeniyle metal oksitlerin elektrot/elektro-
lit ara yuzinde psddokapasitans davranisini dogrular.
Desarj egrilerinin dogrusal kisimlari, elektrot/elektrolit
ara yuzleri arasindaki yuk ayrimi nedeniyle elektrotla-
rinin Gift katmanl kapasitans davranisini gdsterir [23].
Elektrotlarin sarj-desarj egrilerinden bor katkisi dolum
suresini hizlandirdigi bosalim slresini yavaglattigi go-
rdlmustir.Bu durum slper kapasitorler icin istenen bir
Ozelliktir.

0,9
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Sekil 7. GrafittPTFE/ZnO ve agirlikga farkli % B takviyeli
Grafit/PTFE/ZnO:B elektrotlarin sarj/desarj egrileri (Charge/
discharge curves of Graphite/PTFE/ZnO and different wt % B
reinforced Graphite/PTFE/ZnO:B electrodes).

Grafit/PTFE/ZnO ve agirlikga farkli % B takviyeli
Grafit/PTFE/ZnO:B elektrotlarinin kapasitans olgtimle-
rinin tarama hizina bagh degisimi Sekil 8'de verilmistir.
Sekilde de gorlldigl gibi akim yogunlugunun artmasi
yetersiz redoks reaksiyonlari nedeniyle kapasitanslar-
da azalmaya neden olur. Akim yogunluklarinin arttiril-
masi, elektrotlar Uzerindeki aktif bolgelerin elektrolit
icindeki iyonlarla dusuk etkilesim olusturmasina neden
olur.
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Sekil 8. Grafit/PTFE/ZnO ve agirlikga farkli % B takviyeli
Grafit/PTFE/ZnO:B elektrotlarin spesifik kapasitans
degerinin tarama hizina baglh degisimi (Variation of specific
capacitance value of Graphite/PTFE/ZnO and different wt % B rein-
forced Graphite/PTFE/ZnO:B electrodes depending on scanning
speed).
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Bu yuzden, ylksek bir sarj-desarj hizinda, iyon di-
fizyonunun bu sinirlamasi, spesifik kapasitansin
azalmasina yol acar ve elektrot ylzeyinde bir redoks
reaksiyonu olusturur [40]. Olgiimler 5,10, 50 ve 100
mV/s tarama hizlarinda yapilmis ve tarama hizinin
artmasiyla kapasitans degerlerinin azaldigi goézlen-
mistir. Grafit/PTFE/ZnO ve agirlikga farkli % B tak-
viyeli Grafit/PTFE/ZnO:B elektrotlarin kararlihk testi
Sekil 9'da verilmigtir. Uretilen elektrotlarin 100 déngi
yapilarak spesifik kapasitans degerleri belirlenmis ve
kapasitansdaki % azalma miktari Tablo 1°de gdsteril-
mistir. 100 déngu sonunda bor takviyeli elektrotlar icin
kapasitans degerlerindeki degisim bor katkisiz elekt-
roda gore oldukga azdir. Bu sonuglar agirlikca % bor
takviyeli Grafit/PTFE/ZnO:B elektrotlarin stabilitele-
rin daha uzun oldugunu gdstermektedir. Ayrica Tablo
1’deki % azalma degerlerin, Grafit/PTFE/ZnO:15B ve
Grafit/PTFE/ZnO:20B elektrotlarin da daha az oldugu
yani daha uzun émurli oldugu goérilmektedir.
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DONGU SAYISI
Sekil 9. GrafittPTFE/ZnO ve agirlikga farkli % B takviyeli

Grafit/PTFE/ZnO:B elektrotlarin déngl sayisina bagl olarak
kapasitans degerinin degisimi (Variation of capacitance value
of Graphite/PTFE/ZnO and different wt % B reinforced Graphite/

PTFE/ZnO:B electrodes depending on the number of cycles).

Sekil 10°’da Grafit/PTFE/ZnO ve agirlikga farkli % B
takviyeli GrafittPTFE/ZnO:B elektrotlarin kapasitans
degerlerinin bor oranina gore degdisim egrisi verilmigtir.
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Sekil 10. Grafit/PTFE/ZnO ve agirlikga farkl % B takviyeli
Grafit/PTFE/ZnO:B elektrotlarin kapasitans degisimlerinin
bor oranina gére degisimi (Variation of capacitance changes of
Graphite/PTFE/ZnO and different wt% B reinforced Graphite/PTFE/

ZnO:B electrodes according to boron ratio).

o
|

Mevcut veriler egri Gzerinde tutarl bir sekilde dagilr.
Lineer egrinin denklemi y=1,0954x+9,38 (R?=0,907)
oldugu gérulmektedir. Elektrotlarin kapasitans deger-
lerinin bor konsantrasyonu ile sistematik olarak arttigi
belirlenmistir.

4. Sonuglar (Conclusions)

Bu calismada, Grafit/PTFE/ZnO, Grafit/PTFE/
Zn0:5B, Grafit/PTFE/ZnO:10B, Grafit/PTFE/ZnO:15B
ve Grafit/PTFE/ZnO:20B elektrotlarin stper kondan-
sator performansi arastiriimistir. Yapilan XRD ve
SEM analizleri sonucu ZnO ve agirlik¢a farkl % B tak-
viyeli ZnO pargaciklarin wurtzite fazi icerdigi, hekza-
gonal gubuklar seklinde kristallestigi gdzlemlenmistir.
Yapilan elektrokimyasal analizler sonucunda; Grafit/
PTFE/ZnO:B elektrotlarinda bor konsantrasyonu art-
tikca kapasitans deg@erlerinin arttigi gézlemlenmisgtir.
Agirlikga % bor takviyeli ZnO elektrotlari kullanilarak
yapilan CV olgliimlerinde en yilksek kapasitans de-
gerine (29,41 F/g) Grafit/PTFE/ZnO:20B elektrotu ile
ulasilmigtir. Elektrotlarin 100 déngu sonucunda elde
edilen kapasitans deg@erleri ile baslangi¢ kapasitans
degerleri arasindaki fark hesaplanmis ve bor katki-
sinin artmasi ile birlikte bu farkin kiguldigu gézlen-
migstir. Baska bir deyisle bor konsantrasyonu artik¢a
elektrotlarin déngu sayisi yani kullanim émdurlerinin
arttigi  belirlenmistir. Grafit/PTFE/ZnO:20B elektro-
tun 6zgull kapasitans degeri 29,41 F/g, Grafit/PTFE/
Zn0O:B elektrotun ki ise 5,87 F/g olarak tespit edilmis-
tir. Bu sonuca gore; agirlikga %20 bor takviyesi kapa-
sitans performansi bes kat artirmistir. Yapilan mevcut
galismada bor takviyesinin ZnO Uzerine spesifik kapa-
sitans etkisi incelenmis olup sonuglarin performansa
olumlu katkisi goz 6nline alindiginda, bor takviyesinin
diger metal oksitlere katkisinin arastirimasinda yol
gbsterici rol oynayacagi diisiiniiimektedir. Ulkemizin
bor rezervleri dikkate alinirsa bor katkisiyla olusturu-
lacak slper kapasitorler gibi ylksek teknoloji Grtinleri-
nin ticarilesmesi ulusal ekonomimize ve bilimsel biriki-
mimize katki saglayacaktir.
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Sicanlarda borik asit, kalsiyum fruktoborat ve potasyum bor sitratin kemik
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MAKALE BILGISI OZET

Makale Gegmisi: Bu calismanin amaci bor gesitlerinin kemik sagligi tzerine etkilerini incelemektir. Bu amagla,
Ik génderi 8 Temmuz 2022 yirmi dért adet wistar sican kullaniimistir. Hayvanlar kontrol grubu ve bor gesitlerini uygulandigi
Kabul 12 Subat 2023 gruplar olmak iizere dért gruba ayrilmistir. Ug gruba (i¢ hafta boyunca oral olarak gavaj ile 3 mg/kg
Online 31 Mart 2023 borik asit (BA), kalsiyum fruktoborat (CaFB) ve potasyum bor sitrat (KBCi) verilmistir. Hayvanlarin
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calismayla ile ilk kez karsilastiriimistir. Bu ¢alisma, kemik sagligini gelistirmek, kemik hastaliklarin
onlenmesini saglamak ya da gesitli etkenlerle artan stres ile bas edebilmek igcin BA, CaFB ve KBCi
gibi bor gesitlerinin ilerleyen zamanlarda daha yaygin kullanilabilmesi adina gergeklestirilecek daha
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There was no significant difference between the groups for TNF-a, IL-18 and TOS levels, and serum

Keywords: osteopontin and osteocalcin levels in the serum samples and bone tissues obtained from the control
Boric acid group and rat groups to which boron compounds were administered (p>0.05). When the serum
Calcium fructoborate TAS level was compared to the control group and BA, CaFB, and KBCi applied groups, it showed a
Osteocalcin significant increase in the groups to which boron compounds were administered (p<0.0001). Bone
Osteopontin TAS level was also found to be relatively high in the groups treated with boron varieties (p=0.0005).

Potassium boron citrate Bone tissue osteopontin and osteocalcin values increased with the application of BA, CaFB, and

KBCi (p<0.0001). The effects of BA, CaFB, and KBCi on bone health have been compared in this
study. This study is promising as a preliminary study for more comprehensive studies to be carried
out in order to use boron compounds such as BA, CaFB, and KBCi more widely in the future in order
to improve bone health, and prevent bone diseases or cope with increased stress due to various
factors.

1. Girig (Introduction) Mg, icilen sudan 0,2-0,6 mg ve beslenme ile 1,2 mg’'dir
[1]. Tarkiye’deki bor zengini bolgelerde glnlik bor

Bor, dogada bulunan eser elementlerden biridir. Bor,  alimi 6,77 mg olarak tespit edilmistir [2].

dogada boraks, borik asit, kolemanit, leksit ve borat

formlarinda bulunur. Diinya Saglik Orgiti (WHO) Bor, kemik metabolizmasinda birden fazla siirecin

tarafindan kabul edilen gunlik bor alimi havadan 0,44  igerisinde bulunmaktadir. Kemik metabolizmasinda
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etkili rollere sahip olan kalsiyum, magnezyum
ve D vitamini ile etkilesime girmektedir [3]. Bor,
kemik hilcre proliferasyonunu, sag kalimi, mRNA
ekspresyonunu ve mineralizasyonu arttirarak kemik
saghigini korumaktadir [4]. Bor, kalsiyumun kemik,
eklem ve kikirdak gegcisini saglamasi sebebiyle artrit
tedavisini etkili bir sekilde gergeklestirmektedir. Ayrica,
testosteron ve Ostrojen gibi ¢esitli hormonlari da
etkileyebilmektedir [3].

Bor alan artritik bireylerde, kigisel kisith hareket
Olcimlerinde, agri kesici ihtiyaci ve eklem sismesi gibi
durumlar igin énemli ilerlemeler bildirilmistir [5]. Bor,
gesitli immudn yolaklar araciligiyla anti-inflamatuvar
aktér olarak rol oynamakta ve immin cevap
olusturmaktadir. Bor, Iokositler tarafindan (dretilen
serin proteazlari inhibe edebilir, I6kotrien Uretimini
baskilayabilir, oksidatif stresi azaltabilir, hicre
aktivitesini ve antikor konsantrasyonunu diizenleyebilir
[6]. Yapilan galismalar dusuk doz diyet bor aliminin
olugabilecek enfeksiyonlarda koruyucu etkiye sahip
oldugunu gostermistir [7].

Borik asit (BA, H,BO,), borun en yaygin formudur [8]
ve reaktif oksijen turlerinin Uretimini inhibe edebildigi
icin vicudu oksidatif stresten koruyucu role sahiptir
[9]. BA, bor nitrtir, bor fosfat ve bor sitrat ve boraks gibi
bircok bor bilesiginin hazirlanmasinda kullanilir [10].
Kalsiyum fruktoborat (CaFB, Ca[(CH, O,),B]2°4H,0),
in vitro galismalarda da gdsterildigi gibi bir siperoksit
anyon temizleyici ve anti-inflamatuvar ajandir [5].
CaFB kalsiyum metabolizmasini, kemik ve yumusak
dokularin  blUylmesini ve gelisimini, antikor ve
kolajen olugsumunu olumlu yodnde etkilemektedir
[6]. Borun kendisi kemik hicre proliferasyonunu
indiklemekte [4] ve kalsiyumun kemik ve kikirdaga
gecisini saglamaktadir [3]. Kalsiyum ile bilesik
olusturmasi ise onun bu rolini desteklemektedir.
Diz artritinden muzdarip bireylerde CaFB aliminin
hastalarin durumunu iyilestirdigi goraimuasttr [7].
CaFB osteoporoz tedavisinde destekleyici bir tedavi
olarak ve osteoporozun o6nlenmesinde ise takviye
edici gida olarak onerilmektedir [8]. Potasyum sitrat,
kemik yogdunlugunu olumlu yénde etkileyen bir
molekildur ve yapilan calismalarda kemik mineral
yogunlugunu arttirdigi ve kemik kaybi belirteclerini
azalttigr gosterilmistir [9, 10]. Bor sitrat kullanilan bir
c¢alismada ise bor sitratin sitokin Gretimini azalttigi ve
ayrica klinik ve biyokimyasal parametreleri destekledigi
gosterilmigtir [11].

Goralduga Gzere bor bilesiklerinin ' kemik saghigi
Uzerindeki etkileri literatirdeki pek ¢ok calisma
tarafindan defalarca vurgulanmistir. BA, oksidatif
stresi azaltip kemik sagiligini destekledigi icin bu
galisma icin secilmistir [12, 13]. CaFB ile ilgili olarak
literatirde bulunan cgalismalar onun kemik sagligi
Uzerine olumlu etkilerini géstermektedir [7]. CaFB’in
kalsiyum igermesi, onun kemik saglhdina olan etkisini
desteklemektedir. KBCi ile ilgili literatlrde herhangi bir
c¢alismaya rastlanmamistir. Fakat iceriginde bulunan
potasyumun kemik saghgini olumlu yénde etkiledigi

de literatlrde gorulmektedir [9, 10]. Borun kendisinin
ya da bor bilesiklerinin kemik saghgi Gzerindeki etkileri
bilinmesine ragmen hangi bor bilesiginin kemik sagligi
ve oksidatif stres belirtegleri Ulzerinde daha etkili
oldugu net degildir.

Literatlr taramalari 1s1ginda bor bilesiklerinin kemik
saghgini olumlu yonde etkileyecegi, kemik belirteclerini
arttiracag! ve oksidatif stres belirteglerini azaltacag:
ongorulmektedir. Bu c¢alismada bor bilesiklerinin
iceriklerine gére kemik sagligi parametreleri Gzerinde
farkli dizeyde etki gosterecekleri dustnulerek BA,
CaFB ve KBCi segilmistir. Bu calisma igin 24 adet
erkek wistar sican kullanilmistir. Hayvanlara herhangi
bir model uygulamasi yapilmamistir. Boylece saglikli
bireylerin gida takviyesi olarak kullanabildigi bor
turevlerinin kemik saghgini herhangi bir hastalik
olmaksizin nasil etkileyebilecegi gézlemlenmistir.

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

24 adet 175-250 g agirliga sahip erkek wistar albino
sican Atatlrk Universitesi Tibbi Deneysel Uygulama
ve Arastirma Merkezi (ATADEM) laboratuvarlarindan
temin edilmigtir. Hayvanlar rastgele 4 gruba
ayrilmistir. Laboratuvarda, oda sicakliginda (25+3
°C), sabit nemli ortamda (55+5 %), gece glndiz
periyodunda 3 hafta [14, 15] boyunca standart ticari
sican besini (Bayramoglu Yem, Erzurum, Trkiye)
ile beslenmislerdir. Besin ve suya ulasim konusunda
herhangi bir kisitlama yapilmamistir. Bu sure zarfinda
kontrol grubuna ek herhangi bir takviye veriimez iken
2. gruba, 3. gruba ve 4. gruba gunlik 3mg/kg [16]
olacak sekilde BA, CaFB ve KBCi oral olarak gavaj ile
verilmistir. BA, CaFB ve KBCi Turkiye Enerji, Nukleer
ve Maden Arastirma Kurumu (TENMAK)tan temin
edilmistir. 3 bor ¢cesidi de 1 ml distile suda ¢ézulmustar.
Hayvan agirliklari tartildiktan sonra hayvan kilogram
basina 3 mg olacak sekilde c¢ozundurulerek bor
cesitlerinin - miktari hesaplanmisti. 1 ml distile
su igerisinde belirlenen miktarlarda bor cesitleri
¢ozulmustir. Calisma igin gerekli etik izin (protokol
no:2022-7/111) Atatiirk Universitesi Hayvan Deneyleri
Yerel Etik Kurulu'ndan (HADYEK) alinmstir.

* Grup | (Kontrol): Bu gruptaki siganlara normal
beslemenin disinda herhangi bir sey veriimemistir.

* Grup Il (BA): 3 hafta boyunca normal beslenmeye
ek olarak 3 mg/kg BA verilmistir.

» Grup lll (CaFB): 3 hafta boyunca normal
beslenmeye ek olarak 3 mg/kg CaFB verilmigtir.

* Grup IV (KBCi): 3 hafta boyunca normal
beslenmeye ek olarak 3 mg/kg KBCi verilmistir.

2.2. Orneklerin Hazirlanmasi (Preparation of Samples)

Bor cesitlerinin uygulama sirecinin sonunda tum
hayvanlar sakrifiye edilmistir. Hayvanlara ait kan ve
femur drnekleri alinmistir. Kan 6rnekleri serum elde
etmek i¢in 4000 rpm’de 10 dk santrif(j edilmistir. Elde
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edilen serum ornekleri bir sonraki analiz icin -80°C’de
saklanmistir. Femur 6rnekleri kemik disindaki cevresel
dokulardan temizlendikten sonra homojenizasyon
asamasina kadar -80°C’de muhafaza edilmistir. 100
mg femur 6rnekleri sivi azot ile parcalandiktan sonra
PBS ile TissuelLyser Il (Qiagen, Almanya) cihazinda
homojenize edilmesinin ardindan 5000 g'de 5 dk
santrif(j edilmigtir. Elde edilen sipernatant ile, ilgili
molekuller ELISA yontemi ile dlgUimustr.

2.3. ELISA (ELISA)

Kan ve femur dokularindan elde edilen serum ve
supernatant ornekleri ELISA i¢cin oda sicakhgina
getirilmistir. ilgili protein élgiimleri BT-LAB’a (Wuhan,
Cin) ait ELISA kitleri ile gerceklestirilmistir. TUum kitler
kullanilmadan énce oda sicakligina getirilmistir. Serum
ve slpernatantlarda timor nekroz faktor (TNF)-a
(EO0764Ra), interlokin (IL)-1B(E0119Ra), osteopontin
(EO273Ra), osteokalsin (E0270Ra), total oksidan
seviyesi (TOS)(E1512Ra), ve total antioksidan
seviyesi (TAS)(E1710Ra) duretici firma talimatlarina
uygun olarak élgiilmustir. Olgiimler 450 nm’de Epoch
Spectrophotometer System and Take3 Plate (BioTek,
ABD) cihazinda gergeklestiriimigtir.

2.4. istatiksel Analiz (Statistical Analysis)

Calismaya ait veriler icin istatiksel analiz GraphPad
Prism (Version 5) ile yapilmistir. Verilerin normal
dagilima uygunlugu Kolmogorov-Smirnov testi ile
degerlendirilmistir. Normal dagilan verilerde gruplar
arasi farklilik icin One-Way ANOVA kullanilirken
Tukey testi post-hoc testi olarak kullaniimistir. Normal
dagiimayan verilerde gruplar arasi farklilik Kruskal-
Wallis ile degerlendirilmis ve Dunn Testi post-hoc testi
olarak kullaniimigtir. p<0,05 istatiksel olarak anlaml
olarak degerlendirilmistir.

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

3.1.1. Serum ve kemik dokuda TNF-a ve IL-1 sevi-
yeleri (TNF-a ve IL-1B levels of serum and bone tissue)

Hayvanlara ait femur ve kandan elde edilen serum
orneklerinde IL-13 ve TNF-a dizeyleri olgUlimustdr.
Kontrol grubu ve BA, CaFB, KBCi uygulanan hayvan
gruplari icin ilgili degerler Sekil 1’de 6zetlenmigtir.
Gruplar arasi karsilastirma yapildiginda BA, CaFB,
KBCi verilen gruplarda kontrol grubuna nispeten serum
IL-1B dizeyleri BA uygulanan grupta degismezken
CaFB uygulanan grupta %6 oraninda azalmig, KBCi
uygulanan grupta ise %8 oraninda artmistir (p>0,05).
Kemik IL-1B seviyesi ise BA, CaFB, KBCi uygulanan
gruplarda kontrol grubuna kiyasla sirasiyla %5,
%3, %7 seviyelerinde yukselmistir (p>0,05). Serum
TNF-a degerleri kontrol grubu ile kiyaslandiginda BA
grubunda degismemistir, CaFB grubunda %Z2’lik bir
azalma, KBCi grubunda ise %3’lUk bir artis gostermistir
(p>0,05). Kemik TNF-a seviyeleri de BA, CaFB ve

KBCi uygulamalari sonrasinda anlamli bir farklihk
gostermemekle birlikte sirasiyla gruplarda %6’lik
artis, %4’luk azahs ve %71’lik bir artis gdzlemlenmistir
(p>0,05). BA, CaFB ve KBCi serum ve kemik dokuda
IL-18 ve TNF-a seviyelerini farkh dizeyde etkilemis
olsa da anlamli bir degisiklige sebep olmamistir
(p>0,05).

(a) Serum (b)
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Sekil 1. Bor cesitlerinin kemik doku ve serum IL-138 ve
TNF-a seviyeleri Uzerine etkileri A) Serum TNF-a seviyesi,
B) Kemik doku TNF-a seviyesi, C) Serum IL-1[ seviyesi, D)
Kemik doku IL-1B seviyesi. (Effects of boron derivatives on bone
tissue and serum IL-1B and TNF-a levels A) Serum TNF-a level,
B) Bone tissue TNF-a level, C) Serum IL-1B level, D) Bone tissue
IL-1B level.).

3.1.2. Serum ve kemik dokuda TAS ve TOS deger-
leri (Total antioxidant status (TAS) and total oxidant sta-
tus (TOS) in serum and bone tissue)

Kontrol grubunda, BA, CaFB ve KBCi uygulanan
gruplarda hem kemik dokuda hem de serumda TAS
ve TOS degerleri dl¢ulmustir. Gruplara ait TAS ve
TOS degerleri Sekil 2'de gosterilmistir. Sekil 2a’da
gorildigu gibi serum TAS degerleri gruplar arasinda
farkhlik gostermistir (p<0,0001). BA, CaFB ve KBCi
uygulanan gruplarda kontrol grubuna nispeten serum
TAS degerlerinin sirasiyla %10, %14, %21 oraninda
yukseldigi goralmustir. Gruplar arasinda en yuksek
deger KBCi uygulanan grupta gorulmuistar. Sekil
2b’de gosterildigi Uzere kemik TAS degerleri de
gruplar arasinda anlamli dizeyde farkl &lgclimustar
(p=0,0005). Kemik TAS degerleri kontrol grubuna
nispeten BA, CaFB ve KBCi uygulanan gruplarda
sirasiyla %26, %37, %54’luk bir artis gdstermigtir.
KBCi, kemik dokuda TAS degerini en ¢ok ylkselten
bor cesidi olarak tespit edilmistir (p<0,0001). Sekil 2c
ve Sekil 2d’de 6zetlenen TOS degerleri incelendiginde
kontrol grubuna nispeten BA, CaFB ve KBCi uygulanan
gruplarda serumda sirasiyla %23, %18, %12, kemik
dokuda ise sirasiyla %5, %5 ve %3’lik bir azalma
gOrulmastar (p>0,05).
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$ekiT 2. Serum ve kemik doku TAS ve TOS seviyeleri.
*Kontrol gurubu ile kargilastirldiginda anlamli seviyede
fark olusturmaktadir (*p<0,05, **p<0,001, ***p<0,0001). a)
Serum TAS degeri, b) Kemik doku TAS degeri, ¢) Serum
TOS degeri, d) Kemik doku TOS degeri (Serum and bone tis-
sue TAS and TOS levels. *It creates a significant difference com-
pared to the control group (*p<0.05, **p<0.001, ***p<0.0001). a)
Serum TAS value, b) Bone tissue TAS value, ¢) Serum TOS value,
d). Bone tissue TOS value).

3.1.3. Serum ve kemik dokuda osteopontin ve os-
teokalsin seviyeleri (Osteopontin and osteocalcin le-
vels of serum and bone tissues)

Osteopontin ve osteokalsin kemik doku ile dogrudan
iliskili biyobelirteglerdir. Bor gesitlerinin serum ve ke-
mik dokuda osteopontin ve osteokalsin tzerine etki-
leri Sekil 3’'te gdsterilmistir. Serum osteopontin de-
gerleri kontrol grubuna nispeten BA uygulandiginda
%2, CaFB uygulandiginda %6, KBCi uygulandigin-
da %6 oraninda yukselme egilimi gdstermis olsada,
bu ylkselme istatiksel olarak anlamli bulunmamis-
tir (p>0,05). Kemik osteopontin degerleri ise gruplar
arasinda anlamli bir farklilik géstermistir (p<0,0001).
Kemik osteopontin degerleri incelendiginde BA, CaFB
ve KBCi uygulanan gruplarda kontrol grubuna kiyas-
la sirasiyla %44, %53 ve %53 oraninda yukselmistir.
Ozellikle KBCi'nin kemik dokuda diger bor cesitlerine
nispeten daha yuksek bir etki gdsterdigi gorulmektedir.

Serum osteokalsin degerleri BA uygulanan grupta
%46, CaFB uygulanan grupta %37, KBCi uygulanan
grupta %57 dizeyinde ylkselme egilimi gostermis
olsa bile gruplar arasinda istatistiksel olarak anlamli
bir fark bulunmamistir (p>0,05). Kemik osteokalsin
degerlerinde ise gruplar arasinda anlamli bir farkllik
tespit edilmistir (p<0,0001). Kemik osteokalsin seviye-
leri kontrol grubuna nispeten BA, CaFB ve KBCi uy-
gulanan gruplarda sirasiyla %49, %43, %69 oranin-
da artmistir. Ozellikle BA ve KBCi uygulamasi kemik
osteokalsin diizeyini CaFB’a nispeten daha fazla yuk-
seltmistir. KBCi, hem osteopontin hem de osteokalsin
degerlerini en ¢ok yukselten bor ¢esidi olarak tespit
edilmistir.
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Sekil 3. Serum ve kemik doku osteopontin ve osteokalsin
degerleri, *Kontrol gurubuile karsilastirildiginda anlamli sevi-
yede fark olusturmaktadir (*p<0,05, **p<0,001, ***p<0,0001).
a) Serum osteopontin seviyesi, b) Kemik doku osteopontin
seviyesi, ¢) Serum osteokalsin seviyesi, d) Kemik doku os-
teokalsin seviyesi (Serum and bone tissue osteopontin and osteo-
calcin values. *Compared to the control group, there is a significant
difference (*p<0.05, **p<0.001, ***p<0.0001). a) Serum osteopontin
level, b) Bone tissue osteopontin level, c) Serum osteocalcin level,

d) Bone tissue osteocalcin level).

3.2. Tartisma (Discussion)

Epidemiyolojik ¢alismalara gore gunlik 3 mg altinda
bor alimi insan saghgi icin faydali bulunmustur [17].
GUnlik maruz kalinan bor miktari yasanilan bélgeye
go6re degismektedir. Bor, hiicresel ya da sistemik ola-
rak birgok slrecin igerisinde rol alabilmekte ve meta-
bolik degisikliklere yon verebilmektedir. inflamatuvar
cevaplarda, oksidatif streste ve kemik saghgi Gzerinde
rol oynayabilen borun etkisi henltz netlegtirilebilmis
degildir. Kemikteki bor konsantrasyonu, kemik me-
tabolizmasi, mineralizasyonu ve rejenerasyonu igin
uygun olabilecek tiiketilen element miktarina baghdir
[18]. Borun eksikligi hayvanlarda biyime geriligine ve
anormal kemik gelisimine neden olmaktadir [3]. Uygun
kemik gelisimi icin belli dozlarda bor alinmasi gerek-
mektedir [4]. Bu c¢alisma ile siganlarda gunlik oral
olarak verilen bor ¢esitlerinin sitokin degerleri, antiok-
sidan ve oksidan seviyeleri ve kemik belirtecleri olan
osteopontin ve osteokalsin seviyeleri Uzerinde bir etki-
ye sahip olup olmadigi ve farkh bor ¢esitlerinin etkinlik
duzeyleri incelenmisgtir.

Guzel ve ark. yaptiklari galismada, histopatolojik
ve mikrobiyolojik analizler kullanarak, lokal ya da
sistemik BA uygulamalarinin kemik hastaliklarinin
iyilesmesini olumlu ydnde etkiledigini gdstermigstir
[19]. Osteomiyelit modelinde artan TNF-a ve IL-6
seviyelerinin, uygulanan lokal ve oral BAuygulamasiyla
da azaldi§i goézlemlenmistir [19]. Basaran ve ark.,
yaptiklari ¢alismada bora dogal yollarla maruz kalan
bireylerin serumlarinda oksidatif stres ve inflamasyon
parametrelerini arastirmiglardir. Superoksid dismutaz
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(SOD), katalaz (CAT), glutatyon peroksidaz (GSH-
Px), glutatyon rediktaz (GR) enzim aktiviteleri,
malondialdehit (MDA), GSH, 8-hydroxy-2’-deoxy-
guanosine (8-OH-dG) seviyeleri, IL-1ra, IL-6, IL-8,
nikleer faktor kappa B (NF-kB) seviyeleri incelenmisgtir.
Bireyler, kanlarindaki BA miktarlarina gore dusuk, orta
ve yuksek olarak gruplandirmisglardir. Gruplar arasinda
oksidatif stres ve inflamasyon agisindan anlamli bir
farklihga rastlanmadigi rapor edilmistir [20]. Naghii ve
ark. yaptiklari ¢calismada saglikh bireylere bir gunlik
ve haftalik takviye edici besin olarak verilen borun
(sodyum tetra borat) IL-6, TNF-a ve yliksek duyarli CRP
(hsCRP) seviyelerini distrdigini gozlemlemiglerdir
[21]. Acaroz ve ark. yaptiklari ¢alismada akrilamid
verilen sicanlarda yukselen TNF-a, IL-1B ve oksidatif
stresin farkli dozlarda uygulanan BA ile azaldig
gozlemlenmistir [22]. Jin ve ark. sigcanlarda icme
suyuna ekledikleri farkli dozlardaki borun sigan
timusunda  sitokin  ekspresyonunu, antioksidan
fonksiyonunu nasil degistirdigini gdzlemlemislerdir.
Uygulanan 10 ve 20 mg/L (1,5 ve 3 mg/kg) borun IL-1,
IFN-v, IL-4 seviyelerini, GSH-Px igerigini, SOD ve total
antioksidan aktivite (T-OAC) degerlerini doza bagimli
olarak arttirdigini, MDA igerigini, TNF-a seviyesini de
yine doza bagimli olarak dusurduguna gostermiglerdir.
Uygulanan dozlar arasinda 3 mg/kg’lik dozun 1,5
mg/kg’lik doza nispeten ve diger uygulanan dozlara
nispeten sitokin ekspresyonunda, oksidatif stres
belirteclerinde daha etkili degisimlere sebep oldugu
gOrulmustar [16]. Bu ¢alismada farkli doz miktarlari
degil ¢alismanin amacina uygun olarak sabit bir doz
uygulamasi yapilmigtir. Serum ve kemik dokuda
TNF-a ve IL-1B, TAS ve TOS degerleri dlgUlmustar.
Elde edilen sonuglar serum ve kemik TNF-a ve IL-
1B degerlerinde gorllen azalmanin istatiksel olarak
anlamli olmadigini gostermistir. Hastalik modellerinde
daha belirgin bir etkiye sahip olan bor bilesiklerinin
saglikli hayvanlarda TNF-a ve IL-18 agisindan
anlamli  bir degisiklik olusturmadigi gortlmustr.
Sitokinler bir bagisiklik uyarisina tepki olarak de novo
uretilirler, depolanmazlar, kisa zaman araliklarinda
hareket ederler. Bu g¢alismada herhangi bir hastalik
modeli olusturulmadigi igin kontrol grubuna nispeten
bu pro-inflamatuvar sitokinlerde bor uygulanan
gruplarda anlamli bir degisiklik olusmamigtir. Serum
ve kemik dokuda bor uygulanan gruplarda TAS
degerleri anlamh dizeyde farkhihk gostermistir. Bor
cesitlerinin TAS Uzerindeki yukseltici etkisi herhangi
bir hastalik varliginda ya da yoklugunda antioksidan
molekilerinin  yapimini  destekledigini gdstermesi
adina kiymetlidir. Serum ve kemik dokuda TOS
seviyelerinin degismemesi bor c¢esitlerinin oksidan
Uretimini desteklemedigini ya da sebep olmadigini
gOstermesi de guvenli bir sekilde kullanilabilecegine
dair bir isarettir.

Bor bilesikleri, kemik olusum hizini artirarak ve kemik
yikimini azaltarak kemigin gicinu ve sertligini arttirir.
Bor eksikligi, kemik olusumunu ve kemik kuitlesinin
korunmasini  olumsuz etkiler ve osteoporozun
nedenlerinden biri olarak kabul edilir [8]. Kolajenimsi

olmayan proteinler, kemik hicre disi matriksinin
integral bilesenleridir ve c¢oklu rollere sahiptirler.
Osteokalsin ve osteopontin  majér kolajenimsi

olmayan proteinlerdendir ve kemik Uzerinde biyolojik
ve mekanik fonksiyonlara sahiptir [23]. Osteokalsin,
osteoblastlar tarafindan Uretilir ve kemik yapiminin
hassas bir belirtecidir. Osteokalsin, kemik hicre digi
matriksi ile kombine haldedir ve az bir miktari kan
dolasimina karisir [24]. Osteopontin, kemigin yeniden
modellemesinde rol alir ve kemik rezorbsiyonunu
stimile eder [25, 26]. Hakki ve ark. yaptiklari
calismada BA uygulanan MC3T3-E1 hicrelerinde
artan osteoblastik aktivitenin goOstergesi olarak
osteopontin ve osteokalsin ekspresyonlarindaki artisi
gOstermislerdir [4]. Hicrelere uygulanan 0.1, 1, 10 ve
100 ng/ml BA, kemiklere 6zgl protein ekspresyonlarini
da arttirmistir [4]. Boyacioglu ve ark., dogal yollarla
bora maruz kalan postmenopozal kadinlar ile yaptiklari
¢alismada bora maruz kalan kadinlarin serumlarinda
osteokalsin duzeyini bora maruz kalmayan kontrol
grubuna nispeten daha yiksek bulmustur [27]. Normal
seviyenin Uzerinde alinan bor, toksik etkilere sahip
olsa da kemik mineral kompozisyonunu olumsuz
yonde etkilememektedir. Ornegin, diyetle 500mg/kg
bor (ortoborik asit) ile beslenen siganlarda kilo kaybi,
femur magnezyum ve ¢inko diizeylerinde azalma olsa
da femur kalsiyum ve fosfor diizeylerinde ve tibia kemik
yogunlugunda anlamh degisiklik tespit edilmemistir
[28]. Zhu ve ark., Afrika deve kusu yavrulari ile
yaptiklari calismada hayvanlarin giinlik icme sularina
farkh dozlarda BA ekleyip kemik olusumu Uzerine
etkilerini incelemiglerdir. 40-160 mg/l uygulanan borun
kemik gelisimini arttirdigi ve kemik belirte¢lerinin
ekspresyonunu degistirdigini gdstermislerdir. Ayrica 80
mg/l den daha yuksek doz uygulamalarinin osteokalsin
dizeyini dusurdugu gorulmastar [29]. Liu ve ark.,
dokulmus sut diglerinden elde ettikleri kdk hicrelere
uyguladiklari bor bilesiklerinin (magnezyum borat,
¢inko borat ve borik asit) osteoblastik farklilagsmayi
arttirdigini ve farklilasan hicrelerde osteopontin,
osteokalsin ve c¢esitli kemik proteinlerinin varhigini
gostermiglerdir [30]. Ying ve ark., kemik iligi stromal
hicrelerine uyguladiklari borun hicre farklilagsmasi
Uzerine etkilerini incelediklerinde 10 ve 100 ng/ml
uygulanan BA'in osteokalsin ve cgesitli kemik iliskili
proteinlerin ekspresyonunu arttirdigini géstermiglerdir
[31]. Bu calismada, glnlik 3 mg/kg olarak uygulanan
BA, CaFB ve KBCi'In kemik osteopontin ve
osteokalsin duzeylerini anlamh bir sekilde yukselttigi
gézlemlenmistir. Ozellikle KBCi kemik belirteglerini
diger bor uygulanan gruplara nispeten daha fazla
yukseltmigtir.

4. Sonuglar (Conclusions)

Bor, insan vucudunda ¢ok sayida mekanizmanin bir
parcasi olarak rol oynamakta ve 6zellikle belli dozlarda
faydali etkiler gostermektedir. Bu c¢alismada bor
bilesiklerinin sitokinler, oksidatif stres belirtegleri ve
kemik sagligi belirtecleri Uzerine etkileri arastiriimigtir.
Calismanin hipotezi borun ya da bor bilesiklerinin
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sitokin tretimini, oksidatif stresi ve kemik sagligini farkli
dizeylerde etkilemeleri olarak kurulmustur. Calisma
sonucunda ise sitokin duzeylerinin bor bilesiklerinin
uygulanmasiyla degismedigi, CaFB ve KBCi'in
ise BA'e nispeten oksidatif stres ve kemik saghgi
belirteclerini farkli dizeylerde etkiledigi gortlmustr.
Calismada proinflamatuvar sitokinleri indukleyici
herhangi bir ajan kullanilmamistir ve dolaysisiyla
bor bilesiklerinin proinflamatuvar sitokinler Gzerinde
anlamli bir farkhlik olusturmadigi goézlemlenmistir.
Bu durum borun, stresin hlcreler Uzerindeki olumsuz
etkilerini kisitlamak adina takviye edici gida olarak
kullanmasini da anlamh kilmaktadir. CaFB ve
KBCi'iln BAten daha etkin bir sekilde TAS dizeyini
yukseltmesi bor bilesiklerinin igeriginin de oksidatif
stres parametreleri Uzerinde farkl dizeylerde etkili
olabilecegini go6stermistir. Calismanin sonucunda
CaFB ve KBCi'in kemik belirteclerini BA'e nispeten
daha fazla yukselttigi gézlemlenmistir. KBCi ile ilgili
daha énce yapilmis ¢alisma olmamasi bu molekulin
etkilerinin ortaya ¢ikariimasi agisindan g¢alismanin
glclu yanini ortaya koymaktadir. Bu ¢alismada bor
bilesikleri uygulanan hayvanlara ait serum ve kemik
dokularda elementel bor dizeyinin dlgiimemis olmasi
bu calismanin bir kisitihdr olarak goérulmektedir.
Bu calisma, BA, CaFB ve KBCi'in etkilerini belli
parametreler araciligiyla kiyaslayan 6nci  bir
calismadir ve farkli bor bilesiklerinin kemik sagligi
Uzerinde farkli derecelerde etkinlik gosterebilecegini
ortaya koymaktadir.

Kaynaklar (References)

[1] World Health Organization & International
Programme on Chemical Safety. (1998). Boron.
World Health Organization. https://apps.who.int/iris/
handle/10665/42046.

2

—

Boyacioglu, O., S., Korkmaz, M., Kahraman, E., Yildirim,
H., Bora, S., Ataman, O. Y. (2017). Biological effects of
tolerable level chronic boron intake on transcription fac-
tors. Journal of Trace Elements in Medicine and Biology,
39, 30-35.

[3

—_

Devirian, T. A., & Volpe, S. L. (2003). The physiological
effects of dietary boron. Critical Reviews in Food Science
and Nutrition, 43(2), 219-231.

[4] Hakki, S. S.,, Bozkurt, B. S., & Hakki, E. E. (2010).
Boron regulates mineralized tissue-associated proteins
in osteoblasts (MC3T3-E1). Journal of Trace Elements in
Medicine and Biology, 24(4), 243-250.

[5] Hunter, J. M., Nemzer, B. V., Rangavajla, N., Bita, A,,
Rogoveanu, O. C., Neamtu, J., ... & Mogosanu, G. D.
(2019). The fructoborates: Part of a family of naturally
occurring sugar—borate complexes-biochemistry, physi-
ology, and impact on human health: A review. Biological
Trace Element Research, 188(1), 11-25.

[6] Donoiu, 1., Militaru, C., Obleaga, O., Hunter, J. M.,
Neamiu, J., Bita, A., ... & Rogoveanu, O.C. (2018).
Effects of boron-containing compounds on cardiovas-
cular disease risk factors-A review. Journal of Trace
Elements in Medicine and Biology, 50,47-56.

[7]1 Reyes-lzquierdo, T., Nemzer, B., Gonzalez, A. E., Zhou,

Q., Argumedo, R., Shu, C., & Pietrzkowski, Z. B. (2012).
Short-term intake of calcium fructoborate improves
WOMAC and McGill scores and beneficially modu-
lates biomarkers associated with knee osteoarthritis: A
pilot clinical double-blinded placebo-controlled study.
American Journal of Biomedical Science, 4(2),111-122.

8

—_

Miljkovic, D., Scorei, R. I., Cimpoiasu, V. M., Scorei, I.
D. (2009). Calcium fructoborate: plant-based dietary bo-
ron for human nutrition. Journal of Dietary Supplements,
6(3), 211-226.

[9] Jehle, S., Hulter, H. N., & Krapf, R. (2013). Effect of po-
tassium citrate on bone density, microarchitecture, and
fracture risk in healthy older adults without osteoporosis:
Aa randomized controlled trial. The Journal of Clinical
Endocrinology & Metabolism, 98(1), 207-217.

[10] Granchi, D., Caudarella, R., Ripamonti, C., Spinnato,
P., Bazzocchi, A., Massa, A., & Baldini, N. (2018).
Potassium citrate supplementation decreases the bio-
chemical markers of bone loss in a group of osteope-
nic women: The results of a randomized, double-blind,
placebo-controlled pilot study. Nutrients, 10(9), 1293.

[11] Akbari, N., Ostadrahimi, A., Tutunchi, H., Pourmoradian,
S., Farrin, N., Najafipour, F., ... & Mobasseri, M. (2022).
Possible therapeutic effects of boron citrate and oleoyle-
thanolamide supplementation in patients with COVID-19:
A pilot randomized, double-blind, clinical trial. Journal of
Trace Elements in Medicine and Biology, 71, 126945.

[12] Ince, S., Kucukkurt, I., Demirel, H. H., Acaroz, D. A,,
Akbel, E., & Cigerci, I. H. (2014). Protective effects of
boron on cyclophosphamide induced lipid peroxidation
and genotoxicity in rats. Chemosphere, 108, 197-204.

[13] Shalehin, N., Hosoya, A., Takebe, H., Hasan, M. R., &
Irie, K. (2020). Boric acid inhibits alveolar bone loss in
rat experimental periodontitis through diminished bone
resorption and enhanced osteoblast formation. Journal
of Dental Sciences,15(4), 437-444.

[14] Gorustovich, A. A., Steimetz, T., Nielsen, F. H.,,
Guglielmotti, M. B. (2008). Histomorphometric study
of alveolar bone healing in rats fed a boron-deficient
diet. The Anatomical Record: Advances in Integrative
Anatomy and Evolutionary Biology, 291(4), 441-447.

[15] Al-Hamed, F. S., Abu-Nada, L., Rodan, R., Sarrigiannidis,
S., Ramirez-Garcialuna, J. L., Moussa, H., ... & Tamimi,
F. (2021). Differences in platelet-rich plasma com-
position influence bone healing. Journal of Clinical
Periodontology, 48(2), 1613-1623.

[16]Jin, E., Ren, M., Liu, W, Liang, S., Hu, Q., Gu, Y., & Li S.
(2017). Effect of boron on thymic cytokine expression,
hormone secretion, antioxidant functions, cell prolifera-
tion, and apoptosis potential via the extracellular signal-
regulated kinases 1 and 2 signaling pathway. Journal of
Agricultural and Food Chemistry, 65(51), 11280-11291.

[17] Nielsen, F. H. (2014). Update on human health effects
of boron. Journal of Trace Elements in Medicine and
Biology, 28(4), 383-387.

[18] Chapin, R. E., Ku, W. W., Kenney, M. A., & McCoy,
H. (1998). The effects of dietary boric acid on bone
strength in rats. Biological Trace Element Research,
66(1), 395-399.

[19] Glizel, Y., Golge, U. H., Goksel, F, Vural, A., Akcay, M.,

14



Uzuncakmak S. K. /BORON 8(1), 9 - 15, 2023

Elmas, S., ... & Unver, A. (2016). The efficacy of boric
acid used to treat experimental osteomyelitis caused
by methicillin-resistant staphylococcus aureus: an in
vivo study. Biological Trace Element Research, 173(2),
384-389.

[20] Basaran, N., Duydu, Y., Bacanli, M., Anlar, H. G,,
Aydin Dilsiz, S., Ustiindag, A., ... & Bolt, H. M. (2020).
Evaluation of oxidative stress and immune param-
eters of boron exposed males and females. Food and
Chemical Toxicology, 142, 111488.

[21] Naghii, M. R., Mofid, M., Asgari, A. R., Hedayati, M.,
Daneshpour, M. S. (2011). Comparative effects of daily
and weekly boron supplementation on plasma steroid
hormones and proinflammatory cytokines. Journal of
Trace Elements in Medicine and Biology, 25(1), 54-58.

[22] Acaroz, U., Ince, S., Arslan-Acaroz, D., Gurler, Z.,
Kucukkurt, I., Demirel, H.H., ... & Zhu, K. (2018). The
ameliorative effects of boron against acrylamide-induced
oxidative stress, inflammatory response, and metabolic
changes in rats. Food and Chemical Toxicology, 118,
745-752.

[23] Olszta, M. J., Cheng, X., Jee, S. S., Kumar, R., Kim .Y,
Kaufman, M. J., ... & Gower L. B. (2007). Bone structure
and formation: A new perspective. Materials Science &
Engineering R: Reports, 58(3-5), 77-116.

[24] Oh, S. B., Lee, W. Y, Nam, H. K, Rhie, Y. J., & Lee, K. H.
(2019). Serum osteocalcin levels in overweight children.
Annals of Pediatric Endocrinology & Metabolism, 24(2),
104-107.

[25] EI-Tawab, S. S., Saba, E. K. A., Elweshahi, H. M. T., &
Ashry, M. H. (2016). Knowledge of osteoporosis among
women in Alexandria (Egypt): A community based sur-
vey. The Egyptian Rheumatologist, 38(3), 22-231.

[26] De Fusco, C., Messina, A., Monda, V., Viggiano, V.,
Moscatelli, F., Valenzano, A., ... & Messina, G. (2017).
Osteopontin: Relation between adipose tissue and bone
homeostasis. Stem Cells International, 2017, 1-6.

[27] Boyacioglu, O., Orenay-Boyacioglu, S., Yildirim, H., &
Korkmaz, M. (2018). Boron intake, osteocalcin polymor-
phism and serum level in postmenopausal osteoporo-
sis. Journal of Trace Elements in Medicine and Biology,
48, 52-56.

[28] Seaborn, C. D., Nielsen, F. H. (1994). Boron and sili-
con: Effects on growth, plasma lipids, urinary cyclic
amp and bone and brain mineral composition of male
rats. Environmental Toxicology and Chemistry, 13(6),
941-947.

[29] Zhu, D., Ansari, A.R., Xiao, K., Wang, W., Wang, L.,
Qiu, W., ... & Peng, K. (2021). Boron supplementation
promotes osteogenesis of tibia by regulating the bone
morphogenetic protein-2 expression in african ostrich
chicks. Biological Trace Element Research, 199(4),
1544-1555.

[30] Liu, Y. J., Su, W. T., Chen, P. -H. (2018). Magnesium and
zinc borate enhance osteoblastic differentiation of stem
cells from human exfoliated deciduous teeth in vitro.
Journal of Biomaterials Applications, 32(6), 765-774.

[31]Ying, X., Cheng, S., Wang, W., Lin, Z., Chen, Q., Zhang,
W., Kou, D, ... & Lu C. Z. (2011). Effect of boron on os-
teogenic differentiation of human bone marrow stromal

cells. Biological Trace Element Research, 144(1-3),
306-315.

15



BORON 8(1), 16 - 24 2023

BOR DEeRGisi
JOURNAL OF BORON

https://dergipark.org.tr/boron

Influence of boron bearing fillers on flame retardancy properties of huntite
hydromagnesite filled ductile PLA biocomposites

Aysegul Erdem‘~"", Mehmet Dogan 2

'Erciyes University, Department of Textile Engineering, Kayseri, 38039, Turkiye

ARTICLE INFO ABSTRACT

Article history:

Received June 25, 2022
Accepted February 23, 2023
Available online March 31, 2023

In this work, the flame retardancy influences of colemanite and boron oxide are
investigated n huntite-hydromagnesite (HH) containing plasticized poly (lactic acid)
(PLA) biocomposites. The composites are characterized using limiting oxygen index
(LQI), horizontal (UL 94 HB) and vertical (UL-94 V) burning tests, mass loss calorimeter
(MLC), and thermogravimetric analysis (TGA). The addition of colemanite causes
enhanced fire retardancy performance with higher UL-94 V rating and LOI value and
lower peak heat release rate (pHRR) value. VO rating and the highest LOI value are
observed with the addition 1 wt% colemanite. The samples get V1 rating for the loading
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geywordz: amount of 3 and 5 wt% colemanite. When the concentration of colemanite reaches to
oron oxide 5 wt%, pHRR and average heat release rate (avHRR) values are lower than those of

Colemanite i, . . .

Flammability the reference sample. Addition of boron oxide causes improvement in LOI value. The

Huntite hydromagnesite highest LOI value (33.2) is observed in 5 and 10 wt% boron oxide containing samples.

Polylactic acid

1. Introduction

Boron-based agents are employed as multifunctional
flame retardant fillers either used alone or in conjunc-
tion with the other flame retardants for their adjuvant
effect in various polymeric materials. Boron-based
additives interact synergistically with various fillers
containing metal, phosphorus, nitrogen, and halogen
atoms [1-6]. Different boron compounds such as zinc
borate (B,0,Zn,) [7-12], boroxo siloxanes [13], and bo-
ric acid (H,BO,) [14] are used in different polymers as
synergistic additives with commercially important min-
eral fillers, such as aluminum trihydroxide (Al(OH),,
ATH) [7-11], and magnesium hydroxide (Mg(OH),,
MH) [9, 10, 13, 14] in different polymers.

Huntite & hydromagnesite ((Mg,Ca(CO,), & Mg, (CO,),
(OH),.4H,0, HH)), a carbonate-based mineral mixture
that occurs naturally, is employed as a functional ad-
ditive in various polymers. Fire retardant behavior of
HH is almost similar to ATH and MH. HH has higher
potential for wide application than ATH due to the high-
er onset decomposition temperature (220-240 °C). In
contrast to ATH (1300 Jg'), HH has a lower enthalpy
of decomposition (990 Jg') [15-17]. Thus, the flame
retardancy action of HH is enhanced with synergic ac-
tion studies employing red phosphorus [18], expand-
able graphite [19], zinc borate [20, 21], antimony triox-
ide (Sb,0,) [22-24], and boric acid [22].

The flame retardant performance of HH was assessed
in polylactic acid (PLA) [25] in our previous study. It
was found in these studies that 60 wt% and 70 wt%
HH were needed for obtaining VO rating in vertical
UL-94 test (UL-94 V). The addition of such high filler
loading causes detrimental effect on mechanical pop-
erties. With synergistic effect studies, higher flame re-
tardant performance can be achieved with using same
amount of additive. Accordingly, less flame retardant
additive can be used for achieving same retardant
performance.

Colemanite (Col), a naturally occurring boron mineral,
is a promising flame retardant additive in plastics. It
was employed as a primary flame retardant agent in
epoxy resin [26], biocomposite applications [27-29],
and ethylene vinyl acetate [30]. It was also employed
as a synergistic additive with brominated flame retar-
dant [31], intumescent based flame retardant [32] and
ATH [33, 34]. Cavodeau et al. analyzed the synergistic
action of colemanite with ATH and MH in polyethylene
based copolymers. It was found that no synergistic ef-
fect was observed and it acted as an efficient smoke
suppressant [33]. Isitman et al. examined the syner-
gistic performance between ATH and colemanite in
polyethylene. The highest synergistic interaction was
obtained with the addition of 10 wt% colemanite in-
stead of ATH [34].
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Boron oxide (B,0,) is industrially used in the produc-
tion of numerous glass-based materials, ceramics and
enamels, detergents, and soaps. In literature, it was
also utilized as a flame-retardant filler for polymers, ei-
ther by itself or in combination with other functional fill-
ers [26, 35-38]. Ibibikcan and Kaynak investigated the
synergistic interaction between B,O, and ATH in poly-
ethylene based cable sheathing material. The highest
synergistic interaction was achieved with the addition
of 10 wt% B,0, instead of ATH [38].

The motivation of this work is to enhance the flame
retardancy performance of HH using colemanite and
B,O, as synergistic additives in plasticized PLA com-
posites. As our best knowledge, there is no study in-
vestigating the synergistic interaction between HH and
boron compounds (Col and B,O,) in any polymeric
material is found in literature. In this study, compos-
ite materials were produced with extrusion process
and the extrudates were further shaped by injection
moulding and compression moulding for flammability
tests. The fire retardant performance of the samples
was characterized by limiting oxygen index (LOI), hori-
zontal UL-94 test, (UL-94 HB), UL-94 V and mass loss
calorimeter (MLC) test.

2. Experimental Works
2.1. Materials

PLA (MFI (22 g/10 min (210°C, 2.16 kg)), 1.24 g/cm?®)
was purchased from Nature Works with the commer-
cial name of Ingeo TM Biopolymer 3001D. Ultracarb
LH3 (a natural huntite hydromagnesite mixed mineral)
was purchased from Likya Minelco, Turkiye. It has the
particle sizes of d ;<10 um, d,:4-6 um, d_:1-2 ym
and the density of 2.4 g/cm?®. Silane coupling agent
(3-glycidoxy propyl trimethoxy silane), acetone and
the plasticizer (acetyl tri butyl citrate) were purchased
from Sigma Aldrich. B,O, and Col were obtained from
ETI Maden, Turkiye. B,O, has the specific weight and
molecular weight of 2.17 g/cm® and 69.62 g/mol, re-
spectively. Col (411.08 g/mol) has the density of 2.6
g/cmé.

2.2. Silane Treatment of HH

3-glycidoxy propyl trimethoxy silane was used as a
silane coupling agent since the best mechanical prop-
erties were obtained by it, in our previous study [25].
Silane coupling agent was diluted with acetone in or-
der to cover the HH surface evenly. Silane coupling
agent was used as 5 wt% of HH. The resulting mixture
was constantly stirred after HH was added. The ac-
etone was evaporated at 80°C overnight in oven. The
characterization of modified HH was given in our previ-
ous 111 study [25].

2.3. Composite Production

Before the extrusion process, PLA and the flame retar-
dant additives were desiccated in an oven at 80°C for

24h. The compounding process was performed with
the temperature profile of 160-165-170-165-40°C at
100 rpm using a twin screw extruder (Gulnar Makine,
Turkiye). After the extrusion process, the samples were
shaped using injection-molding machine (Xplore 12
ml Micro-Injection Molding Machine, Netherlands) at
190°C. Samples for MLC test were molded using elec-
trically heated hydrolytic hot-press (Gllnar Makine,
Tarkiye) at 170°C for 3 min. All formulations contain
constant amount of plasticizer (P, 12 wt%). The added
amount of plasticizer was removed from PLA content.
The synergistic interaction was studied under constant
filler amount of 60 wt% and the added boron com-
pounds were deducted from the HH amount. In sam-
ple nomenclature, the abbreviations PLA, P, HH, Col,
B,O, are used for poly (lactic acid), plasticizer (acetyl
tributyl citrate), huntite-hydromagnesite, colemanite
and boron oxide, respectively. The sample coded as
PLA/ 12P/ 57 HH/ 3Col refers to the composites con-
taining 12 wt% plasticizer, 57 wt% HH and 3 wt% Col,
respectively.

2.4. Characterization Methods

Thermogravimetric analysis (TGA) (Hitachi-High Tech
STA-7300) tests were performed from 30°C to 800°C
with a rate of 10°C/min under inert N, flow. The flam-
mability characteristics of the samples were analyzed
with limiting oxygen index (LOI, Fire Testing Technology
(FTT)), Underwriters Laboratories horizontal burn-
ing (UL94 HB) and Underwriters Laboratories vertical
burning (UL 94 V) tests according to ASTM D2863,
ASTM D635, and ASTM D3801, respectively. Samples
dimensions for LOl and UL-94 tests were (130%6.5%3.2
mm?) and (130%13x3.2 mm?3), respectively. Mass loss
calorimeter (MLC) (FTT, U.K) tests were performed
at an external heat flux of 35 kW/m? according to the
ISO 13927. The residues obtained after MLC test were
analyzed using scanning electron microscopy (SEM,
Zeiss GEMINI 500), attenuated total reflection Fourier
transform infrared (ATR-FTIR, Bruker Optics IFS 66/S
series FT-IR spectrometer) at 4000-400 cm™ with 32
scans, and X-ray diffraction analysis (XRD, Rigaku
SmartLab) at a scan rate of 1°/min over the range of
20=10°-90°. Before SEM analysis, the residues were
sputter-coated with gold to ensure the conductivity.

3. Results and Discussions
3.1. Thermal Decomposition of the Additives

TThermal decomposition characteristics of the flame
retardant additives (HH, Col and B,O,) were exam-
ined via TGA analysis. TGA and DTG curves of the
additives were given in Figure 1. Table 1 includes the
pertinent data. HH undergoes endothermic decompo-
sition in four steps with the loss of H,0 and CO,,. In the
first degradation step, the loss of crystal water occurs
from hydromagnesite structure. In other degradation
steps, the CO, generation occurs from HH structure.
MgO and CaO based inorganic residues are formed
at the end of the decomposition steps [15, 16]. Col
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Figure 1. a) TGA and b) DTGA curves of the additives.

Table 1. TGA data of the additives and composites.
T, T T T T Char

SAMPLE &) (CF (CP (TP (T} yield

(%)°
HH 285 267 445 556 694 452
Col 300 387 - - - 733
B,0, - 130 - - - 982
PLA/12P/60HH 208 251 340 435 675 28.8
PLAM2P/59HHACOl 227 250 333 417 672 29.4
PLA/M2P/57 HHI3Col 217 252 334 414 671 312
PLA/2P/55 HH/SCol 221 252 334 413 671 314
PLA/2P/50 HHM0Col 220 252 331 407 671 322
PLAM2P/SOHHHB,0, 207 252 337 422 650 32.1
PLAM2P/STHH/3B,0, 220 246 329 419 650 31.4
PLAM2P/S5HH/SB,0, 217 243 330 413 652 34.9
PLAM2P/50 HHM0B,0, 211 243 327 415 648 36.4

a:Temperature at 5% weight loss b: The maximum degradation rate
temperature c: CharYield at 800°C.

decomposes in two steps via dehydration and dehy-
droxylation at 387°C and 683°C with leaving 73.3%
inorganic residue based on calcium borate Ca,(BO,),
[33, 39]. A small decomposition peak was seen at
130°C owing to the loss of physically absorbed water
during the decomposition of B,O,. It retains 98.2 % of
its weight. The degradation routes of the additives are

given below;
Mgs(CO3)4(OH)2.4H,O —» 5MgO + 4CO; + 5H,0 (200-450°C) (1)
(Hydromagnesite)

MgsCa(COs). —» 3MgO + CaO + 4CO, (450-800°C) 2
(Huntite)

206[8304(OH)3]H20 —» CayBsO11 + 5H0 (390°C) (3)
(Colemanite)

B203 —» B203 + H20 (130°C) (4)

(Boron oxide) (H20: physically absorbed water)

3.2. Thermal Decomposition of the Composites

Thermal decomposition behaviors of the samples were
examined via TGA test. TGA and DTG curves of the
samples are given in Figure 2. Table 1 includes the
pertinent data. The addition of boron compounds de-
creased the initial thermal stability (T, ). All samples
degraded in four successive decomposition steps. In
the initial step, the degradation of PLA and hydromag-
nesite occured simultaneously. The other steps arose
from additive decompositions.

With the addition of Col, the first and fourth step deg-
radation temperatures did not change whereas the
second and third step degradation temperatures de-
creased. With the addition of B,O,, degradation tem-
peratures of all steps reduced distinctly. The observed
trend was thought to be the formation of boric acid dur-
ing the decomposition. The formed boric acid interacts
with compounds (hydromagnesite, huntite, calcium
carbonate) present in the HH. It is known from litera-
ture that some part of the Col can be converted into
boric acid in aqueous acidic medium [40, 41]. In the
presence of acidic degradation products of PLA (acryl-
ic acid, lactol lactic acid and acetic acid) [42, 43] and
water, the minor amount of boric acid can form. It is
also known that B,O, is converted into boric acid in the
presence of water [2]. Some part of B,O, is converted
to boric acid when it interacts with water released from
hydromagnesite structure. This conversion occurs
more readily than Col. Thus, the reduction in degrada-
tion temperatures becomes prominent in the case of
B,O,. The addition of boron compounds causes high
residue yield since they retain their weight higher than
HH during the decomposition. The addition of 10 wt%
B,O,, which keeps its 98.2 wt%, results in the maxi-

mum residue yield (36.4%).
3.3. Mass Loss Calorimeter Studies

MLC studies are commonly applied to examine the fire
retardancy behavior of the polymer based composites.
The heat release rate (HRR) versus time curves of the
composites are seen in Figure 3. Table 2 includes per-
tinent data. The digital and SEM images of residues
are depicted in Figures 4 and 5. In B,O, containing
composites, the decreasing trend in time to ignition
(TTI) values is observed. As observed in TGA section,
the initial thermal stability of the B,O, bearing compos-
ites is much lower than reference sample. Thus, the
required amounts of combustible products for ignition
reach in shorter time than the reference samples.

The reference sample (PLA/12P/60HH) had pHRR,
avHRR and THE values of 172 kW/m?, 107 kW/m?
and 30 MJ/m?g, respectively. pHRR and avHRR val-
ues reduce steadily as the Col amount increases.
When the concentration of Col reached to 5 wt%,
pHRR and avHRR values were lower than those of
the reference sample. The pHRR and avHRR values
reduced at about 15% and 8% with the addition of 10
wt% Col, respectively. As seen from Figure 4, addition
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of Col caused the formation compact residue with less
cracks with increasing amount because of its sinter-
ing effect. Thus, the decrease in pHRR was attributed
to the enhancement in the protective function of char
structure. All B,O, containing composites had higher
pHRR and avHRR values than the reference sample.
During the test, the samples cracked just after the igni-
tion and segregated residue formation occurs (Figure
5). It is known that the cracks ave detrimental effect
on the protective function of the residue. Accordingly,
the higher pHRR and avHRR values were seen in all
B,0O, containing samples. However, pHRR and avHRR
values reduced with increasing B,O, content. As seen
in SEM images, segregated parts had compact struc-
ture. In 5 and 10 wt% B,O, containing samples, no
cracks and holes were observed since B,O, has ability

(a) 200+
—=— PLA/12P/60HH
—s— PLA/12P/59HH/1Col
150 —— PLA/12P/57HH/3Col
"g —o— PLA/12P/55HH/5Col
S —o—PLA/12P/50HH/10Col
ol
=100
&
=
50
-

0 100 200 300 400 500
Time (sec.)

(b) 1600+
—=— PLA/I2P/60HH
—e— PLA/I2P/S9HH/1Col
L —+— PLA/12P/STHH/3Col
£ —— PLA/12P/55HH/5Col
= PLA/12P/50HH/10Col
2 800
P
o
=
[=]
400
0 . N i (e, L v
0 200 400 600 800
Temperature (°C)
(d) 1200+
aoel —=— PLA/12P/60HH
—e— PLA/12P/59HH/1B,0,
= 200 —a— PLA/12P/STHH/3B,0,
E —— PLA/12P/55HH/5B,0,
2 6004 —— PLA/12P/S0HH/10B,0,
<
)
g 400
200
(-t g 8 Wl il kel m
0 200 400 600 800

Temperature (°C)
Figure 2. TGA and b) DTGA curves of Col containing composites, ¢) TGA and d) DTGA curves of the B,O, containing
composites.

to form vitreous structure with sintering effect.

Boron-bearing composites retained more residue
than the reference sample. The residue yield increas-
es as boron compound amount rises. It was under-
stood from FTIR studies that the residue vyield rise
stems mainly from that the undecomposed portion of
boron compounds rather than in complete pyrolysis.
The FTIR spectra of the char residues are depicted
in Figure 6. After the combustion process, only HH
containing composite had characteristic peaks seen
at 3700, 2980, 2890, 1420, 1060 and 880 cm™. The
peak seen at 3700 cm™' was attributed to OH stretch-
ing vibration. The peaks seen at 1420, 1060 and 880
cm™ were caused by the asymmetric and symmetric
stretching vibrations of carbonate group present in the

(b)  =gpd —=— PLA/12P/60HH
—e— PLA/12P/59HH/1B,0,
—a— PLA/12P/5THH/3B,0;
1504 —— PLA/12P/55HH/5B,0,

—o— PLA/12P/50HH/10B,0,

HRR (kW/m’
o
(=4
=

L7
=
1

0 - T T T T 1
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Time (sec.)

Figure 3. HRR curves of a) Col containing composites, b) B,O, containing composites.
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Table 2. MLC data of the composites.

SAMPLE TTI pHHR AvHRR pMLR THE THE/TML Residue
(sec) (kW.m?) (kW.m?3) (gs™) (MJ/m?)  (MJ/m?qg) (%)
PLA/12P/60HH 28 172+£12 10749 0.18 302 1.53 40.2
PLA/12P/59HH/1Col 37 189+9 119+38 0.17 302 1.54 40.8
PLA/12P/57 HH/3Col 29 173+11 1068 0.14 29 +1 1.59 424
PLA/12P/55 HH/5Col 28 155+13 1007 0.19 28+2 1.48 43.7
PLA/12P/50 HH/10Col 33 147 +14 98+9 0.16 28 +2 1.50 44.6
PLA/12P/59HH/1B,0, 30 206 +16 117 £12 0.18 3143 1.52 41.3
PLA/12P/57HH/3B,0, 33 195+15 12313 0.17 303 1.46 42.8
PLA/12P/55HH/5B,0, 22 185+12 113+ 14 0.17 29+2 1.53 441
PLA/12P/50 HH/10B,0, 18 180+13 108+9 0.16 29+2 1.54 45.9

HH structure [18-20]. With the addition of boron com-
pounds, only difference was observed at 1250 cm
seen as a shoulder due to the asymmetric stretch-
ing vibrations of B-O group. The other characteristic
peaks of boron compounds (around 1000 cm™ (B-O
symmetric vibrations)), around 750 cm™' (B-O-B bend-
ing vibration) masks with the characteristic peaks of
HH [44]. Small peaks were observed at 2980 and 2890

Figure 4. The digital and SEM images of Col containing residues.

cm™ due to the aliphatic chain structure found in the
residue. Insignificant change was seen in the inten-
sity of these peaks with the use of boron compounds.
Accordingly, no prominent difference was observed in
total heat evolved (THE) values since almost complete
pyrolysis occurred. Total heat evolved to total mass
loss ratios (THE/TML) of the sample were almost the
same and lies between 1.46 and 1.59. This finding
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Figure 5. The digital and SEM images of B,O, containing residues.
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Figure 6. The FTIR spectra of the char residues.

4000

clearly shows that Col and B,O, exerted their syner-
gistic effect in the condensed phase in contrast to in
the gas phase.

In order to understand the interaction between HH and
boron compounds, XRD analyses were performed to
fillers heated at 500°C for 15 minutes and the residues

remained after MLC test. The related results are shown
in Figure 7. As seen from Figure 7, HH had charac-
teristics peaks labelled with 1, 2, 3 corresponding to
CaMg(CO,),, (JCPDS card no 11-78), CaO (JCPDS
card no: 37-1497), MgO (JCPDS card no 78-0430),
respectively [18]. The residue of pure HH containing
sample showed similar peaks. With the addition of Col,
no meaningful change was observed in XRD results.
With the addition of B,O,, the intensity of peak labelled
with 1 (huntite) reduced, and the intensity of peaks
labelled with 2 (CaO) and 3 (MgO) increased. It was
concluded that the presence of B,O, favors the degra-
dation of huntite. As stated in TGA section in details,
the presence of B,O, reduced the degradation tem-
perature of huntite due to acid-base interaction.

3.4. Flammability Properties

The fire retardancy performance of the samples are
evaluated by LOI, UL-94 V and UL-94 HB tests. The
pertinent data are seen in Table 3. The reference sam-
ple had the LOI value and UL-94 V rating of 29.8% and
V2, respectively. During the UL-94 V test, a large burn-
ing piece of reference sample dropped and the sample
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Figure 7. XRD graphs of the fillers heat at 500°C for 15 minutes and the residues remained after MLC test.

extinguished just after dripping. It was thought that
dripping stems from the presence of plasticizer in such
high mineral filler loading of 60 wt%. The presence
of plasticizer reduced the melt viscosity with reduced
interchain interactions and increased the free volume
[45-47]. All samples burned out prior to the flame com-
ing to the initial mark in UL-94 HB test.

A addition of Col altered the UL-94 V rating via ceasing
the dripping [48]. The maximum UL-94 rating VO was
obtained with the addition of 1 wt% Col. The samples
got V1 rating in the loading amount of 3 and 5 wt%
Col. Maximum LOI value was achieved with addition
of 1 wt%. With increasing amount of Col, LOI value
reduced steadily. When the Col concentration became
10 wt%, LOI value was lower than the reference sam-
ple. On contrary to Col, B,O, addition did not cease
dripping. Thus, all B,O, samples got V2 rating. B,O,
admixture raised the LOI value and the highest LOI
value was observed for 5 and 10 wt% B,O, containing
samples.

Table 3. Flammability characteristics of the composites.

SAMPLE UL-94V UL94 HB Lol
t/sn L/mm
PLA/12P/60HH V2 - - 29.8
PLA/12P/59HH/1Col VO - - 32.5
PLA/12P/57 HH/3Col V1 - - 31.0
PLA/12P/55 HH/5Col V1 - - 30.5
PLA/12P/50 HH/10Col V2 - - 28.3
PLA/12P/59HH/1B,0, V2 - - 32.3
PLA/12P/57HH/3B,0, V2 - - 32.3
PLA/12P/55HH/5B,0, V2 - - 33.6
PLA/12P/50 HH/10B,0, V2 - - 33.6

4. Conclusion

In this study, effect of Col and B,O, on the thermal and
flammability behaviors of HH containing plasticized
PLA based composites was investigated. TGA, LOI,
UL-94 V, UL-94 HB and MLC were used to charac-
terize the composites. According to the TGA results,
the presence of boron compounds reduced the initial
thermal stability of the composites and favored the
residue yield with increasing amount. The adjuvant ef-
fect of Col and B,O, was seen on the fire retardant
properties of the composites. Addition of Col caused
enhancement in UL-94 V rating and LOI value and re-
duction in pHRR value. The pHRR value reduced at
about 15% with the addition of 10 wt% Col. Addition of
Col improved protective function of char structure with
increasing amount because of its sintering effect. The
addition of B,O, caused an improvement only in LOI
value. The highest LOI value (33.2) was observed for
5 and 10 wt% B,O, containing composites.
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In this study, potential usage of boron carbide (B,C) in nuclear technology has been
emphasized. B,C is the base material for control rods used to control the fission rate in
nuclear reactors. The high neutron absorption capacity of B,C material makes it very
useful for nuclear applications. In order to examine B,C to be used in nuclear technology,
the values of mass attenuation coefficient (MAC) and linear attenuation coefficient
(LAC), half and tenth value layers (HVL, TVL) and mean free path (MFP) values were
analyzed with open access Photon Protection and Dosimetry (PSD) software. The clad
materials considered for the study are hafnium (Hf), indium (In), silver (Ag), cadmium
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geywordigd (Cd) and B,C. Analyzes were made in the energy range between 1 MeV and 15 MeV.
LXE(:)H carbide In conclusion, when MeV was reached, the MAC value was found as 0.053 cm?/g for
MAC Hf and 0.015 cm?g for B,C. Moreover, while the HVL value was 1 cm for Hf, it was

Phy-X software determined as 17 cm for B,C at 15 MeV. The obtained results were compared with the

literature and it was seen that they were compatible with the literature.

1. Introduction

Boron is a metalloid in group 3A of the periodic table.
Its atomic number is 5 and its atomic weight is 10.81
g/mol. The element boron was discovered in 1808
and is present in different minerals in the earth's crust.
Main minerals containing boron element are sassolite,
tincal, kernite, ulexite and borax [1]. Boron element
has been used in different scientific studies. In one of
them, a tight binding model for boron was developed
based on a binding model used for carbon. As a result
of the developed model, they suggested that 2B is one
of the main component units of amorphous boron [2].

Ethylene-propylene diene rubber and low density
polyethylene composites were investigated in terms of
gamma and slow neutron radiation shielding proper-
ties in a study prepared with two different boron car-
bide (B,C) powder concentrations of 47 wt% and 57
wt%. It was observed that the first 1.5 cm thickness of
the composite sample containing 57 wt% B,C sharply
reduced the initial direct slow neutron flux by about

85% [3].

In a study conducted by preparing high density polyeth-
ylene composites containing three different amounts
of modified B,C, thermal neutron shielding properties
that increase with the increase of boron content in the
composite matrix were investigated. In addition, the
effects of B,C on mechanical properties, the effect of
thermal oxidative aging on mechanical properties and

swelling of composites in different solvents were also
investigated in these composites [4].

Researchers examining radiation protection applica-
tions have investigated boron nitride and B,C filled
polyethylene matrix composites. As a result of the
studies, the radiation protection measurements of the
composite material containing 2 wt% boron nitride
were superior compared to the pure polyethylene ma-
terial [5, 6].

In another study, the effects of the addition of three
different boric compounds (boric acid, boric frit and bo-
rax) on the shielding properties of two radiation shield-
ing concretes were investigated. The results showed
that boric acid (H,BO,) and frit, 0.5-1 wt% of total con-
crete weight, had a detrimental effect on the setting of
ordinary cement [7].

In a study examining the synthesis of a composite
powder containing B,C compounds by the single-cup
sol-gel method and its use as a reinforcement mate-
rial in the production of a new low density polyethyl-
ene (LDPE), the chemical, mechanical, morphologi-
cal, thermal properties and neutron radiation shielding
performance of the composites were investigated. The
developed composite exhibited highly effective neu-
tron shielding performance [8].

Nuclear energy is a type of energy that can significant-
ly meet the increasing energy demand in the world.
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Commercial nuclear reactors are used to obtain this
energy. Pressurized water reactors are the most wide-
ly used nuclear reactors worldwide.

Pressurized water reactors basically consist of three
elements which are fuel, coolant and moderator. Apart
from these, control rods are very important elements.
A control rod is one of a series of rods or tubes con-
taining a neutron absorber, such as boron, that can be
inserted or withdrawn from the core of a nuclear reac-
tor to control the rate of reaction. Therefore, a control
rod is used to control the fission rate of uranium and
plutonium in nuclear reactors. It is made of different
chemical elements that can absorb many neutrons
without fission, such as boron, silver, indium, and cad-
mium [9].

There are electronic and mechanical devices to con-
trol the chain reaction occurring in the core of the reac-
tor, and the use of these devices is very important to
prevent radiation emission. However, it is much more
important to control the reactions taking place in the
chord before the radiation spreads outside the core.
The neutrons that emerge as a result of fission in the
reactor core are slowed down until their speed drops
by the moderator used in the reactor. Water is usually
used as a moderator. Afterwards, the use of absorber
rods, that is, control rods, is the most preferred way to
control the fission rate [10]. Boron, cadmium, silver,
hafnium and indium compounds are mostly preferred
as control rod material. Since these elements have a
high neutron absorption capacity.

B,C compounds, which are frequently preferred as
control rod material in nuclear reactors, are very im-
portant in nuclear technology. B,C is a very hard ma-
terial used in different industrial applications. In addi-
tion to its physical properties, it is frequently used in
nuclear technology with its neutron absorber feature.

In a study emphasizing the importance of B,C, a high-
entropy alloy (HEA) composite was synthesized by
adding B,C to Ni-containing HEA. The microstructure
and mechanical properties of the formed composite
were investigated. In addition, as a result of the inves-
tigation of the nuclear radiation shielding properties of
the Ni-containing material using experimental and the-
oretical methods, it was observed that the hardness
increased more than twice with the addition of 2.5 wt%
B,C to the alloy. The addition of B,C to the HEA matrix
resulted in an approximately two-fold increase in com-
pressive strength [11].

In another study using B,C with a neutron absorber
effect, examining accelerated corrosion tests of Al-B,C
neutron absorber in a spent nuclear fuel pool, micro-
structure characterization, electrochemical analysis
and neutron attenuation tests were evaluated. Two
types of galvanic corrosion were discovered, namely
Al matrix/stainless steel and Al matrix/B4C particles
[12].

In a study, B,C reinforced Al matrix composites were
produced by hot pressing. It was aimed to evaluate the
effect of B,C reinforcements on thermal and mechani-
cal properties of composite materials. For this reason,
materials were produced with B,C particles in different
volume fractions. Afterwards, thermal properties such
as thermal conductivity and coefficient of thermal ex-
pansion were modelled. As a result of the study, it was
seen that up to 12 vol.% inclusion of B,C particles in
the Al matrix increased the hardness of the composite
material and decreased the ductility [13].

B,C particle reinforced Al matrix composites were used
for radiation shielding due to their neutron absorbing
properties. In a study based on this, linear and mass
attenuation coefficients were investigated for B,C us-
ing various gamma energies. As a result of the study,
as the incident photon energy increased, the mass
and linear attenuation coefficients for composite ma-
terials decreased, and the mass and linear attenuation
coefficient calculated with the decrease of the weight
fraction increased significantly [14].

In a study examining materials made of compounds of
B,C, zirconium boride (ZrB,), titanium boride (TiB,) or
hafnium boride (HfB,) [15] that can absorb neutrons
as control rod material, some shielding properties, es-
pecially linear attenuation coefficient (LAC) and mass
attenuation coefficient (MAC) were calculated for the
energy range of between 1 keV and 20 MeV.

There are studies [16, 17] examining the nuclear
shielding properties of B,C material. In this study, the
importance of B,C in nuclear technology was empha-
sized, MAC, LAC, half value layer (HVL), tenth value
layer (TVL) and mean free path (MFP) values were
analyzed with Phy-X software. In this context, first of
all, shielding properties of the studied materials were
calculated. Then the obtained results were evaluated
comparatively with each other. Effect of the B,C which
is used as a clad material in nuclear reactors, on the
radiation shielding ability was investigated. Thus, an
experimental study that could be used in nuclear tech-
nology was prepared.

2. Materials and Methods

The material used in this study is nuclear reactor con-
trol rod material of B,C. B,C is frequently used in aero-
space and armor construction due to its hard structure,
low density and high chemical stability. It is also pre-
ferred in nuclear technology due to its neutron capture
and semiconductor properties [18].

In this study, the shielding properties of B,C were inves-
tigated with Phy-X software. Phy-X software [19] was
developed as a software that can compute all shield-
ing and dosimetry parameters for different materials at
the same time, in desired energy ranges, quickly and
accurately. With this program, LAC, MAC, HVL, TVL
MFP, effective atomic number (Z_.) and effective elec-
tron density (N_,), effective conductivity (C_;) energy
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absorption factor (EABF) and exposure accumulation
factor (EBF) can be calculated. This software is freely
available after registration on the Phy-X page.

Within the scope of this study, LAC and MAC values
were analyzed for the selected energy values (be-
tween 1 MeV and 15 MeV) of the B,C within the scope
of the program. MAC and LAC are radiation interaction
parameters [20] and their importance is also very high
in nuclear technology.

After examining the MAC and LAC values, HVL, TVL
and MFP values, which are other important param-
eters in the radiation shielding analysis, were also
examined.

MAC value is an important parameter related to the
photon attenuation of the material [21]. MAC value is
calculated as in Eq. 1 [20].

MAC = w/p = [1/(px)] *In(10/D) (1)

In this equation, u is the linear attenuation coefficient
for a given gamma energy, x is the material thickness,
p is the physical density of the material, and 10 is the
initial count value. The formulation of the LAC value
is also shown in Eq. 2 where p is the material density,
(u/p) is the mass attenuation coefficient, and pl is the
mass thickness [21].

LAC = 1,.e~(“/o)o! 2)

The thickness specific to the shielding material, which
reduces the radiation beam intensity to one-tenth, is
called the TVL value. The specific thickness of the
shielding material, which reduces the radiation beam
intensity to half its value, is also called HVL. TVL, HVL
and MFP formulas are shown in Eq. 3, 4. In these
equations, N, is the avogadro constant and fi, Ai and Zi
are the mole fraction, atomic weight and atomic num-
ber of the ith constituent element in the material [22].
Mean free path (MFP) value of a photon is the average
distance of the photon can travel across the barrier
before interacting.

__In2 _ In10

HVL  TVL (3)

MFP =1/, (4)

3. Results and Discussion

Change in MAC values with respect to energy for B,C
obtained as a result of the shielding analysis using
Phy-X software is shown in Figure 1.

According to Figure 1, MAC values otained for en-
ergy values up to 15 MeV are shown. When the en-
ergy value reaches to 15 MeV, MAC value decreases
to 0.01539 for B,C. Due to the relationship between
energy and mass, the MAC value decreased with in-
creasing energy.
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Figure 1. Change in MAC values according to energy.

The linear attenuation coefficient is a measure of the
rate of attenuation per unit depth of the incident photon
[23]. Its unit is cm™. Change in LAC values according
to selected energy values for B,C is shown in Figure 2.
The fact that the LAC value is high at low energy val-
ues and decreases as the energy increases in correla-
tion with the literature [24]. As the photon energy value
increased, a sharp decrease in the mass attenuation
coefficient value was observed. At low energies, the
photoelectric effect is the main interaction mechanism
[25].
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Figure 2. Change in LAC values according to energy.

According to Figure 2, the LAC value reaches to
0.0387 at 15 MeV energy. In a table showing the linear
and mass attenuation coefficients for some elements
[26], it shows that the mass and linear attenuation co-
efficients change similarly for increasing energy. In
some absorber materials, cross-sections of Compton
scattering gain importance between 100 keV and 10
MeV energies. Incoming gamma photons are com-
pletely absorbed only in photoelectric absorption. This
is not the case with pair production and Compton scat-
tering [27, 28].

The MAC value characterizes the ability of light, sound
or particles to penetrate a material. The coefficient is
proportional to the material density p. The density of
boron material is lower than other control rod materi-
als [25]. At the end of the analysis, the MAC value of
the boron material was lower than the other control
rod materials such as hafnium, indium, silver and cad-
mium [29].
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The choice of fuel cladding material is one of the most
important safety barriers in nuclear reactors, as it pre-
vents most of the radioactive fission products from es-
caping [30]. As a result of the analysis, it was seen
that the MAC and LAC values showed an increasing
trend in the attenuation of photons in clad materials
with high density values. As the density of the clad
material increases, there is a tendency to decrease
in the passage of photons through the sample [31]. It
was found that LAC and MAC values decreased with
increasing energy. Maximum MAC and LAC values
were observed at the lowest energy tested, and the
clad material Hf had the highest MAC and LAC values
of all other clad materials studied.

In Figures 3, the HVL, TVL and MFP values change
for the clad materials discussed are shown. According
to the graphs, the HVL, TVL and MFP values increase
as a function of increasing energy. In the low energy
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Figure 3. a). Change in HVL values according to energy.
b). Change in TVL values according to energy. c). Change
in MFP values according to energy.

region, these values are close to zero. However, since
most photons in the Compton scattering region tend
to scatter, the average free paths of the photons are
longer. This causes a sudden increase in HVL, TVL
and MFP values in the middle energy region. While the
HVL value was 1 cm for Hf, it was determined as 17
cm for B,C at 15 MeV. Similarly, while the TVL value
was approximately 5 cm for Hf, it was determined to be
54 cm for B,C. The increase in HVL and TVL values for
B,C with increasing energy is in accordance with the
literature [32].

While MFP, HVL and TVL values increase with ener-
gy, the probability of photon shielding decreases with
increasing energy. Increasing the density of the clad
material results in decreased MFP, HVL, and TVL. The
Hf clad material has higher LAC and MAC values and
lower MFP, HVL and TVL values than other selected
samples.

It is expected that clad materials with high density,
high LAC values and low MFP, HVL and TVL values
will be preferred as gamma shields [31].

In Figure 3c, the variation of the MFP value is shown.
According to the figure, while the MFP value was ap-
proximately 1.44 cm for Hf, it was determined to be
23.5 cmfor B,C at 15 MeV. In Figure 3b, MFP variation
is the average distance travelled by a gamma ray with-
in @ medium until it interacts with the same medium.
It is clear that the MFP increases with the increase
in incoming gamma energy. The variation of MFP
value for B,C is in agreement with the literature [33].
Similar to MAC and LAC, attenuation performance in-
creases as the density of the clad material increases.
Therefore, the Hf material with the highest density has
the best shielding efficiency among the clad materials
considered.

4. Conclusions

In this research, Phy-X software, an open access soft-
ware, was used to examine the B,C material for im-
portant radiation interaction parameters, MAC, LAC,
HVL, TVL and MFP. The clad materials considered
for the study were Hf, In, Ag, Cd and B,C. Analyzes
were made in the energy range between 1 MeV and
15 MeV. As a result of the examination, it was seen
that the MAC and LAC values of B,C was lower than
other control rod materials. However, HVL, TVL and
MFP values reached higher values than other con-
trol rod materials. When the clad materials discussed
were compared among themselves, the best radiation
shielding property was when Hf was used. However, in
clad material selection, some parameters such as the
creep resistance, the mechanical strength, the tough-
ness, the neutron radiation resistance, the thermal
expansion, the thermal conductivity and the chemical
compatibility with fissile products and coolant, moder-
ator and fuel materials are very important. By evaluat-
ing all these parameters together, the most suitable
clad material can be selected.

28



Uzun S./BORON 8(1), 25 - 30, 2023

References

[1] Tombal, T. D., Ozkan, S. G., Unver, i. K., & Osmanlioglu,
A. E. (2016). Properties, production, uses of boron com-
pounds and their importance in nuclear reactor technol-
ogy. Journal of Boron, 1(2), 86-95.

[2] Chan, C. M. J.,, Toyoda, M., & Saito, S. (2022). A new
transferable tight-binding model for boron and its appli-
cation to amorphous boron. Journal of Non-Crystalline
Solids, 590, 121670.

[3] Abdel-Aziz, M. M., Gwaily, S. E., Makarious, A. S., & El-
Sayed Abdo, A. (1995) Ethylene-propylene diene rubber/
low density polyethylene/boron carbide composites as
neutron shields. Polymer Degradation and Stability, 50,
235-240.

[4] Yasin, T., & Khan, M. N. (2008). High density polyeth-
ylene/boron carbide composites for neutron shielding.
E-Polymers, 059(1), 1-7.

[5] Harrison, C., Weaver, S., Bertelsen, C., Burgett, E.,
Hertel, N., & Grulke, E. (2008). Polyethylene/boron ni-
tride composites for space radiation shielding. Journal of
Applied Polymer Science, 109, 2529-2538.

[6] Harrison, C., Burgett, E., Hertel, N., Grulke, E., & EI-
Genk, M. S. (2008). Polyethyleneboron composites for
radiation shielding applications, American Institute of
Physics Conference Proceedings, USA, 969(1), 484-491.

[7] Kharita, M. H., Yousef, S., & AINassar, M. (2011). Review
on the addition of boron compounds to radiation shielding
concrete, Progress in Nuclear Energy, 53(2), 207-211.

[8] Avcioglu, S. (2022). LDPE matrix composites rein-
forced with dysprosium-boron containing compounds
for radiation shielding applications, Journal of Alloys and
Compounds, 927, 166900.

[9] Oludare, A. 1., Agu, M. N., Umar, A. M., Adedayo, S. O.,
Omolara, O. E., & Okafor, L. N. (2014). Control rods
drop failure on reactors stability and safety. Advances in
Physics Theories and Applications, 27, 58-73.

[10] Cockbame, D. R. (1966). Nikleer reaktérlerin kon-
troli ve cihazlandiriimasi [Control and instrumenta-
tion of nuclear reactors] (E. Gultekin, Trans.). Elektrik
Mihendisligi, 112, 21-27.

[11] Gul, A. O., Kavaz, E., Basgoz, O., Guler, O., ALMisned,
G., Bahgeci, E., ... & Tekin, H. O. (2022). Newly synthe-
sized NiCoFeCrW high-entropy alloys (HEAs): Multiple
impacts of B4C additive on structural, mechanical,
and nuclear shielding properties. Intermetallics, 146,
107593.

[12] Jung, Y., Lee, Y.,Kim, J. H., & Ahn, S. (2021). Accelerated
corrosion tests of AI-B4C neutron absorber used in
spent nuclear fuel pool. Journal of Nuclear Materials,
552, 153011.

[13] Brillon, A., Garcia, J., Riallant, F., Garnier, C., Joulain,
A., Lu, Y., & Silvain, J. F. (2022). Characterization of Al/
B4C composite materials fabricated by powder metallur-
gy process technique for nuclear applications. Journal
of Nuclear Materials, 565, 153724.

[14] Gékmen, U., Ozkan, Z., Jamalgolzari, L. E., & Bilge

Ocak, S. (2020). Investigation of radiation attenuation
properties of Al-Cu matrix composites reinforced by dif-
ferent amount of B4C particles. Journal of Boron, 5(3),
124-130.

[15] Kavun, Y., Oztiirk, A., & Tel, E. (2022). Investigation
of radiation protection parameters of some control rod
types that can be used in Akkuyu nuclear reactors.
Osmaniye Korkut Ata University Journal of The Institute
of Science and Technology, 5(Special Issue), 15-25.

[16] Gaylan, Y., Bozkurt, A., & Avar, B. (2021). Investigating
thermal and fast neutron shielding properties of B4C,
B203, Sm203, and Gd203 doped polymer matrix
composites using Monte Carlo simulations. Sileyman
Demirel  Universitesi Fen-Edebiyat Fakiiltesi Fen
Dergisi, 16(2), 490-499.

[17] Blyuk, B., & Tugrul, B. A. (2015). Investigation on the
Behaviours of TiB2 Reinforced B4C-SiC Composites
Against Co-60 Gamma Radioisotope Source.
Pamukkale Universitesi Miihendislik Bilimleri Dergisi,
21(1), 24-29.

[18] Kog, S. G., & Akgay, B. (2022). Examining the ballistic
properties of the B4C and Al203 ceramic plates. Journal
of Polytechnic, 25(3), 991-996.

[19] Sakar, E., Ozpolat, O. F., Alim, B., Sayyed, M. I., &
Kurudirek, M. (2020). Phy-X / PSD: Development of a
user friendly online software for calculation of param-
eters relevant to radiation shielding and dosimetry.
Radiation Physics and Chemistry, 166, 108496.

[20] Kilekgi, G. (2021). Gamma Radiation Shielding
Properties of Fly Ash With 60Co Radioactive Point
Source. European Journal of Science and Technology,
27, 145-151.

[21] Al-Hadeethi, Y., Sayyed, M. |., & Raffah, B. M. (2022).
The role of Bi203 on the gamma ray attenuation com-
petence of lead-free silica borotellurite glasses between
0.284 and 1.275 MeV. Optik, 270, 169912.

[22] Alim, B. (2020). Determination of radiation protection
features of the Ag20 doped boro-tellurite glasses using
Phy-X / PSD software. Igdir University Journal of the
Institute of Science and Technology, 10(1), 202-213.

[23]1ltus, Y. C. (2019). Investigation of gamma and neu-
tron shielding properties of amorphous materials by
Monte Carlo method [M.Sc. Thesis, istanbul University].
Council of Higher Education Thesis Center (Thesis
Number 608042).

[24] Tekerek, S. (2021). Production of SnO2:F Glass by
Spray Pyrolysis Method and Calculation of Radiation
Interaction Properties. Osmaniye Korkut Ata University
Journal of the Institute of Science and Technology, 4(3),
261-273.

[25] Levet, A. (2019). Demir bor alagimlarinda bor elemen-
tinin radyasyon zirhlamasina etkilerinin arastiriimasi
ve foton etkilesim parametrelerinin belirlenmesi
[Investigation of the effects of boron on radiation shield-
ing and determination of photon interaction param-
eters in iron-boron alloys] (Project No. 6013). Atatlrk
University Scientific Research Projects Coordination
Unit.  https://ddei5-0-ctp.trendmicro.com:443/wis/click-
time/v1/query?url=https%3a%2f%2favesis.atauni.edu.

29



Uzun S./BORON 8(1), 25 - 30, 2023

tr%2fdosya%3fid%3d8078aa07%2d4ded%2d4516%
2d9591%2dad4a42d8debeec&umid=41948D9A-F6C6
-8E05-BAF4-A451B2ACDD2D&auth=aaaf1d06f39f-
7c425e5e923c6be29062f04b2fbc-393b3f0af41b8f9eb-
404795d724e5f8020af0500.

[26] Lenntech. (2023, March 13). Periodic table/Elements.
https://www.lenntech.com/periodic/elements/hf.htm.

[27] Evans, B. R, Lian, J., & Ji, W. (2018). Evaluation of
shielding performance for newly developed composite
materials. Annals of Nuclear Energy, 116, 1-9.

[28] Manohara, S. R., Hanagodimath, S. M., Thind, K. S., &
Gerward, L. (2008). On the effective atomic number and
electron density: A comprehensive set of formulas for all
types of materials and energies above 1 keV. Nuclear
Instruments and Methods in Physics Research Section
B: Beam Interactions with Materials and Atoms, 266(18),
3906-3912.

[29] Physical Measurement Laboratory. (2023, March 13).
X-Ray Mass Attenuation Coefficients. https://physics.
nist.gov/.

[30] Azevedo, C. R. F. (2011). Selection of fuel cladding ma-
terial for nuclear fission reactors. Engineering Failure
Analysis, 18(8), 1943-1962.

[31]1Barman, R., Hossain, S., Das, A., & Rabby, K. A. (2022).
Investigation of radiation shielding characteristic fea-
tures of different wood species. Radiation Physics and
Chemistry, 192, 109927.

[32] Dong, M. G., Xue, X. X., Elmahroug, Y., Sayyed, M. |., &
Zaid, M. H. M. (2019). Investigation of shielding param-
eters of some boron containing resources for gamma
ray and fast neutron. Results in Physics, 13, 102129.

[33] Vignesh, S., Winowlin Jappes, J. T., Nagaveena, S.,
Krishna Sharma, R., Adam Khan, M. (2022). Boron car-
bide dispersed epoxy composites for gamma radiation
shielding applications. Vacuum, 205, 111474.

30



BORON 8(1), 31 - 39, 2023

BOR DeRaisi ,
JOURNAL OF BORON I ‘

N\ %
https://dergipark.org.tr/boron \\g:j’,/” ‘

BOR s .,

Borates in remedial treatments for timber in service

Saip Nami Kartal @', Jeffrey J. Morrell =2

'Department of Forest Biology and Wood Protection Technology, Faculty of Forestry, Istanbul University-Cerrahpasa, 34473,

Istanbul, Tiirkiye

2Centre for Timber Durability and Design Life, University of the Sunshine Coast, Brisbnae, Queensland, 5280, Australia

ARTICLE INFO ABSTRACT

Article history:

Received November 24, 2022
Accepted January 16, 2023
Available online March 31, 2023

Review Article

DOI: 10.30728/boron.1208619

Large preservative-treated timbers and poles can develop internal and external decay
as they age in service. Arresting this damage can pose a challenge, especially internal
decay. Boron plays an important role in helping arrest fungal attack in a variety of
applications. This paper discusses the use of borates as a component in pastes for
limiting external decay and the use of boron solutions or rods for arresting internal
decay. Long-term field trials show that boron movement is initially slow, but boron was
found in Douglas-fir poles almost 30 years after application. The results illustrate the

value of boron as a remedial treatment for limiting fungal attack in timber in service.
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1. Introduction

Wood is among the most durable cellulosic materi-
als and remains one of the more widely used natural
materials for housing and infrastructure. However, a
range of organisms has evolved to use wood as either
a nutrient source or as habitat [1]. The risk of damage
from these organisms can be reduced by using either
timbers with naturally durable heartwoods or, where
that is not possible, applying supplemental preserva-
tives to minimize the risk of attack. Preservative treat-
ments can prolong the useful life of a timber from as
litle as 2 to 3 years in soil contact to over 80 years
with proper maintenance. Extending the life of wood
and wooden structures is a significant issue in terms
of economics, life safety and reducing the need to har-
vest more trees. While proper designs that exclude
water are the most common approach to wood protec-
tion, water exclusion is not always possible. A variety
of alternative approaches have been developed to re-
duce the susceptibility of wood to biodegradation and
these approaches have proven to be highly effective
when properly applied [2].

Eventually, even properly treated wood products can
begin to experience degradation and must be either
replaced or remedially retreated. There are two gen-
eral degradation patterns observed in timber products,
external and internal degradation [3]. As the terms de-
note, external decay develops on the timber surface
and gradually progresses inward. Internal damage can

be either fungal or insect related and, as the name im-
plies, degrades the wood away from the surface. As
will be discussed in more detail later, delivering chemi-
cals to inhibit the progression of this damage is a ma-
jor challenge. One attractive treatment option is boron.
Nearly all wood-degrading organisms are affected to
some extent by boron-based preservatives. These
systems are cost effective and low toxicity to non-tar-
get organisms. As a result, boron-based products are
used for initial protection of timber and composites for
interior applications against termites and powder-post
beetles as well as for remedial treatments for both in-
ternal and external decay in service [4].

2. Wood Degradation and Its Causes

Most wood-degrading organisms have four basic re-
quirements: a nutrient source (usually the wood), oxy-
gen, an adequate temperature (5 to 40 °C) and free
water. It is generally difficult to control either tempera-
ture or oxygen levels for most timber uses, so most
approaches use combinations of design and water ex-
cluding barriers to keep wood dry. Decay fungi gener-
ally require free water to begin degrading the substrate
and that occurs at the fiber saturation point (generally
around 30 % moisture content by wt). However, de-
cay tends to be more aggressive as moisture levels
rise to 40 to 80 % moisture content. Some organisms,
such as powderpost beetles or drywood termites, have
evolved to attack much drier wood (12 to 19 % mois-
ture content), while others have evolved mechanisms
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for translocating water to artificially increase the mois-
ture levels [5]. Fortunately, these agents are not as
prevalent, allowing moisture exclusion to be the pri-
mary wood protection strategy in most applications.
The alternative to moisture exclusion is to modify the
nutrient source to make it unusable through the use of
the heartwood of timbers with natural toxins. Where
that is not possible, modifying the moisture behavior
of the wood or adding toxins that limit biological at-
tack are used for less durable timbers. Besides the
biotic factors mentioned above, abiotic factors are im-
portant sources of deterioration in outdoor structures.
Energy released as ultraviolet light strikes the wood
creates free radicals that induce a series of reactions
leading to degradation of lignin on the wood surface.
This damage causes light woods to darken and dark
woods to lighten and is often accompanied by mois-
ture-associated shrinking and swelling that induces
checking and splitting. While the damage is shallow,
it markedly alters wood appearance, often leading to
premature replacement of structurally sound materi-
als. Weathering is an important cause of premature
timber replacement, but we will confine our discussion
to biodegradation focusing on fungi while also consid-
ering termites as they are often co-located in a dete-
riorating structure.

2.1. External Decay

External decay often occurs as the timber ages and
loses preservatives to the surrounding soil. Nearly all
preservatives have some degree of water solubility
which allows them to dissolve in the free water in the
wood cells where they can inhibit the wood-degrading
organisms. The ideal preservative has just enough sol-
ubility to produce an inhibitory level in the water within
the wood. Over time, however, this dissolved preser-
vative moves out of the wood and into the surrounding
soil and is replaced by a newly dissolved preservative.
This process eventually depletes the original preser-
vative concentration to the point that fungi can begin to
invade the wood. The initial invaders tend to be either
extremely tolerant to chemicals or capable of degrad-
ing the preservatives to allow other fungi to invade.

The most common invaders are a group of organisms
called soft rot fungi. Soft rot fungi tend to be tolerant
of preservatives and are able to grow in more extreme
environments that restrict the growth of other decay
fungi. Soft rot tends to be confined to the outer zones
of the wood where the fungus rapidly reduces the
residual wood strength. Although originally isolated
from timber cooling towers, soft rot fungi are found in
a range of environments. One of the more common
habitats is in wood utility poles, especially hardwood
species but also pine poles with lower preservative re-
tentions. These fungi either erode the wood cell wall
from the lumen outward or tunnel longitudinally along
the cell wall to create diamond-shaped cavities that
severely weaken the affected area. Continued dam-
age caused by soft rot fungi decreases the effective
circumference of the pole to the point where it can no

longer support the design load and must be replaced
(Figure 1).

Figure 1. Example of soft rot damage on the surface of an untreated
Douglas-fir pole.

2.2. Internal Decay

Internal degradation can be caused by either fungi
or insects (primarily termites). Internal decay is com-
mon in the heartwood of less durable species [3].
Preservative treatments primarily penetrate into the
sapwood with only a shallow band of treatment in the
less permeable heartwood. This envelope of treatment
protects the untreated wood inside as long as the bar-
rier remains intact. However, most large timbers are
treated while the moisture content remains higher than
it will be while in service. Once installed, the wood con-
tinues to dry to reflect the ambient conditions. Wood
shrinks as it dries and this shrinkage leads to the de-
velopment of stresses that can exceed the strength of
the bonds between cells, especially along the radial
planes. These stresses result in the development of
radial checks or cracks that can penetrate beyond the
depth of the original preservative treatment. Checks
provide access to the exposed, non-durable heart-
wood for moisture, fungal spores and insects (espe-
cially termites). Unlike soft rot fungi, internal decay
fungi do not need to be preservative tolerant since
they can enter the interior through checks that expose
untreated wood. Over time, fungi and insects can de-
grade the interior of the timber to the point where it
is hollow and can no longer support a load. Internal
decay is an important cause of premature failures in
species with thin sapwood bands surrounding a non-
durable heartwood.

3. Remedial Treatments

Arresting decay in service poses a challenge. Initial
treatments often use combinations of vacuum and
pressure to drive large amounts of chemicals onto the
wood. This is not possible for most wood in service
and any treatments must depend on some form of
diffusion for the chemicals to move from the point of
application to affect actively growing organisms within
the wood. Both internal and external application meth-
ods are available for remedial treatment using pastes,
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oil- and water-borne solutions/emulsions, preservative
rods/pads, and fumigants to arrest active degradation
and extend service life of wood and wooden structures
(previously untreated or even initially treated) [6, 7].
The preservative formulations for remedial treatments
can be applied by spraying, immersing, brushing, in-
jection, or insertion into drilled holes depending on the
type of chemical, the dosage required, the size of the
wood member and the type of decay.

3.1. Preservative Systems Used for Remedial
Treatments

Diffusible preservatives are among the mostly used re-
medial treatments since they move through the wood
structure that was initially resistant to fluid movement.
There are two types of diffusible systems, gaseous
and water diffusible. Gaseous systems, or fumigants,
are applied as liquids or solids and then decompose/
sublime to produce volatiles that diffuse as gases
through the wood structure to arrest fungal attack.
Fumigants are widely used in North America to arrest
internal decay in utility poles. Water-diffusible systems
are capable of diffusing with free water in the wood cell
lumens to control fungal attack. This review will focus
on water-diffusible treatments. Water-diffusible sys-
tems tend to be less reactive with the wood, allowing
them to continue to distribute in the wood and eventu-
ally diffuse outward as long as free water is present
(>30 % moisture content). Fluorides (sodium fluoride),
boron compounds (disodium octaborate tetrahydrate-
DOT; boric acid, sodium tetraborate decahydrate-bo-
rax), glycol borates, borate gels, boron rods, and paste
formulations are the most important water-diffusible
preservative systems for remedial treatments [7]. Non-
diffusible systems are also often incorporated into ex-
ternal treatments to limit renewed fungal attack from
the outside of the timber; however, these components
do not move in the wood structure as deeply as diffus-
ible preservatives.

3.2. Boron-Based Remedial Treatments

Boron-based formulations are widely used for both
initial and remedial treatments due to their low toxic-
ity to non-target organisms and minimal environmen-
tal footprint. Boron compounds can diffuse through
moist wood and easily penetrate into areas that initially

resisted preservative treatment such as heartwood
[8, 9]. Boron-based remedial preservatives are avail-
able as powders, gels, glycol solutions, solid rods,
and pastes. Inorganic and organic boron compounds
available for wood preservation include boric acid, bo-
rax, DOT, zinc and calcium borates, trimethyl borates,
and triethyl borates (Table 1) [5, 7]. Raw boron miner-
als such as ulexite (NaCaB,O,-8H,0-sodium-calcium
pentaborate octahydrate), colemanite (Ca,B,O,,-5H,0O-
di-calcium hexaborate pentahydrate) with different wa-
ter solubilities have also been explored and could help
decrease the overall costs of boron-based systems
when such minerals are employed without purification
processes [9-12].

3.3. Remedial Treatments for External Decay

External decay is usually arrested by application of ex-
ternal preservative pastes that supplement the original
treatment and there are a number of tests evaluating
different systems [13-27]. The paste is applied to the
exposed surface (usually below the ground) and cov-
ered with a kraft wrap to help contain the chemicals
before the soil is replaced. Pastes can also be applied
on prepared bandages (Figure 2).

Figure 2. Example of a self-contained copper/boron preservative
bandage

Most external preservatives contain a water-soluble
component that can diffuse into the wood to arrest
fungal growth and an oil-soluble component that stays
near the surface to limit renewed fungal attack. The
most common water-soluble component is boron
as either disodium octaborate tetrahydrate (DOT) or

Table1. Characteristics of boron compounds evaluated as potential groundline paste components.

Elemental Boron Water Solubility

Trade Name Source Chemical Name Content (%) at 25°C (%)
TIMBOR Rio Tinto Minerals Sodium octaborate tetrahydrate (DOT) 67 ~20
(Boron, CA)
Borax Decahydrate Etimine USAINC Sodium tetraborate decahydrate (NaTBD) 36.47 5.8
(Pittsburgh, PA)
Etibor48 Etimine USAINC Sodium tetraborate pentahydrate (NaTBP) 47.80-49 4.4
Ulexite Etimine USA INC Sodium-calcium pentaborate octahydrate 37 0.76
(CaPDO)
Colemanite Etimine USAINC Di-calcium hexaborate pentahydrate 40 0.81
(CaHBP)
Borogard ZB Rio Tinto Minerals Zinc borate (ZnB) 48.05 <0.28
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sodium tetraborate decahydrate. Boron is especially
attractive as an external paste component because it
is effective against both insects and most fungi, it has
a low toxicity profile against non-target organisms and,
most importantly, it has the ability to diffuse into wood
with moisture [28-35]. While there have been some
concerns about the potential effects of higher levels of
boron on human health [36], the levels used in poles
represent a relatively low risk because of the low dos-
ages and high probability of dispersion to background
levels in the soil surrounding a structure

Most older studies did not include boron in the paste;
however, more recent studies show that boron readily
diffuses into wet wood. Untreated Douglas-fir pole sec-
tions treated with pastes or prepared bandages con-
taining copper naphthenate/boron systems showed
that boron was present at threshold levels up to 75 mm
inward from the surface after one year (Figure 3).
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Figure 3. Boron levels at selected distances from the surface of
Douglas-fir pole sections one year after application of a copper/
boron paste or a self-contained bandage containing the same
material showing boron concentrations above the lower toxic
threshold (~0.6 kg/m?®) 75 mm inward from the pole surface [37].

Similarly, samples removed 1 to 5 years after the ap-
plication of a copper/boron system showed that boron
was still detectable but at very low levels (Figure 4).
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Figure 4. Boron levels from the surface inward on Douglas-fir pole
sections 1 to 5 years after application of self-contained copper/
boron and copper/fluoride boron bandages showing uniform boron
concentrations up to 75 mm inward 2 years after treatment, then a
sharp decline between three and five years after treatment [37].

The structure of the system evaluated in the latter case
contained an insufficient amount of boron at the start of
the test and was never commercialized.

While most external pastes use boron with some cop-
per compound, there is at least one boron-based paste
that uses mixtures of boron compounds with differing
degrees of water solubility (Table 1). The premise is

that the highly soluble components will rapidly diffuse
from the paste into the wood but will also be more rap-
idly lost from the wood into the surrounding soil. The
less water-soluble components will move more slowly
from the paste into the wood and also be less likely
to leach into the surrounding soil (Figure 5). Thus, it
may be possible to design a boron-based paste that
provides longer-term protection and laboratory studies
suggest that this is possible [12].

3

[ %40 mc
[ %60 Mc

BAE %

Borax Ulexite(1)

Decahydrate(1)
PASTE FORMULATIONS

Figure 5. Boron levels 0-6 mm from the surface in Douglas-fir
sapwood blocks conditioned to 40% or 60% MC, treated with one
of six different paste formulations, and incubated for three weeks
(BAE: boric acid equivalent) [12].
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Colema Zinc Borate(1)

Kartal et al. (2022) evaluated preservative paste for-
mulations containing ulexite alone or with either cop-
per or fluoride and found that boron levels from paste
formulations with ulexite exceeded the 0.1% boric acid
equivalent (BAE) threshold level in most assay zones
and incubation times [38]. The results suggest that
ulexite paste formulations might be particularly use-
ful when wood material is in service at high moisture
conditions for prolonged durations. Ulexite is not highly
refined, potentially decreasing formulation costs.

3.4. Remedial Treatments for Internal Decay

The challenge in using chemicals to arrest internal
degradation is that these chemicals need to be able
to move through the heartwood. This is a major prob-
lem since it was not possible to deliver preservatives to
these zones, even using elevated pressure and, some-
times, temperature. The problem of controlling internal
degradation needs to be addressed in terms of termite
and fungal control. Termites produce discrete, inter-
connected tunnels that create the potential for injecting
conventional liquid biocides into the termite galleries,
often under slight pressure. The main problem is lo-
cating the termite galleries for treatment. Borates have
been used for termite treatments with some success,
although there are generally more effective treatments
that have the potential to affect an entire colony, there-
by limiting the risk of reinfestation. Borate solutions
have also been injected into large voids to coat the
internal surfaces and presumably restrict future insect
attack. The advantages of using borates for void treat-
ments are their relatively low cost and minimal toxicity.

Arresting internal fungal attack poses a much great-
er challenge and this damage is far more prevalent
in most systems. As with termite control, the goal is
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to identify chemicals capable of moving through the
liquid-impermeable heartwood at levels capable of in-
hibiting or killing fungi established in the wood. There
are two general approaches to this problem; gases
that can diffuse through the wood or water-soluble
chemicals that can diffuse with liquid water. Gaseous
reagents are termed fumigants and are widely used
in North America for controlling internal decay in large
timbers [39]. These chemicals are applied in solid or
liquid form to steep-angled holes drilled into the tim-
bers. Metham sodium, methyl isothiocyanate (MITC),
dazomet, and chloropicrin are all used to arrest fungal
attack of timber in service. These chemicals diffuse up
and down from the point of application and are less af-
fected by wood moisture content. They also have some
physical and chemical interactions with the wood that
result in them remaining detectable for 3 to 20 years
after treatment, depending on the fumigant. All of these
chemicals are effective for at least 7 to 10 years but
require special handling procedures.

Figure 6. Example of a heck throgh the preservative-treated
shell (lower part of the photograph) and the decay pocket
developing in the untreated heartwood of a Douglas-fir pole.

Alternatively, boron has been used in several forms as
an internal treatment [40-58]. Boron-based treatments
for large timbers and poles are applied to holes drilled
into the timber in the same fashion as the fumigants.
In all cases, the boron is presumed to be released and
migrate through the wood as boric acid. Boron finds
use in internal decay control in the form of water-based
solutions, boron solutions amended with glycol or as
solid rods that contain boron alone, boron with a small
amount of copper and boron with sodium fluoride. In all
cases, the boron is applied through holes drilled into
the timber. In some cases, these application points are
the original inspection holes, although additional holes
may be required to deliver effective dosages to larger
timbers.

Boron solutions are typically produced using disodium
octaborate tetrahydrate (DOT) since it has the highest
water solubility of the commercially available systems
(Table 1). DOT can be used at solution strengths up to
~20 % boric acid equivalent with some heating. The
major limitation with the use of DOT alone is that the
amount of boron that can be applied is limited by the
volume of the treatment holes and every hole drilled
into a timber has the potential to reduce strength. Too
litle boron and the concentrations never reach inhibi-
tory levels. Thus, water-based DOT solutions are lim-
ited to smaller timbers, and this is a major limitation for
boron in water.

Glycol and other compounds can be added to water to
increase the potential boron concentration upwards to
40 or 50 % BAE. The glycols also help boron diffuse
through drier wood. These treatments have been used
in a variety of timber types, especially railway sleepers
or bridge timbers. Previous studies show that the bo-
ron in glycol can readily diffuse from the point of appli-
cation and into the surrounding wood of many difficult
to treat species, although the differential penetration in
drier timbers can be slight [47].

While liquid boron solutions can be effective, the pri-
mary limit is the inability to deliver a sufficient amount
of solution in larger timbers without drilling too many
holes. The alternative to liquids is to use solid rods that
can be inserted into treatment holes that are plugged
to help retain chemicals (Table 2; Figure 7).

Table 2. Examples of water diffusible boron and fluoride rods.
Trade Name Content Manufacturer

Impel Rods  Anhydrous disodium Osmose Utilities
octaborate Services WoodCare
Systems
Cobra-Rods  Anhydrous disodium Genics, Inc
octaborate/boric
acid/Copper oxide
FluRods Sodium fluoride Osmose Utilities
Services
PoleSaver Anhydrous disodium Preschem, LTD
Rods octaborate/sodium

fluoride

The boron rods then sorb water from the surrounding
wood and the solubilized boron diffuses into the wood.
Numerous previous studies have shown that the wood
moisture content must be above 30% (wt/wt oven dry
basis) for substantial diffusion to occur [33]. This is
generally not an issue with wood in direct soil contact
but can become a problem with wood in desert areas
or in wood exposed above ground. There is evidence
that addition of small amounts of glycol or a boron/gly-
col compound will enhance short-term movement in
drier wood.

There are three different types of boron-based rods
used for remedial treatment (Table 2). Boron can be
heated to its molten state and then poured into molds
to produce glass-like rods that contain almost 100%
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Figure 7. Examples of fused boron, boron/fluoride and a dazomet
rod (left to right).

anhydrous DOT. These rods then react with water to
release boric acid, which diffuses into the surrounding
wood. Rods are available in two forms: a completely
boron-based system and a second rod containing bo-
ron plus a small amount of copper. Field trials indicate
that both systems move at similar rates through the
wood and provide 7 to 10 years of protection to wood

beneath the treatment site as there is very little up-
ward diffusion. The third type of boron-based system
contains a mixture of boron (~10%) and fluoride (11%)
in a chalk-like rod. Fluoride also diffuses with water in
the wood and the premise is that the two chemicals dif-
fuse together and act synergistically. Field trials in soft-
woods have shown that the boron remains detectable
for up to a decade after treatment, but the fluoride dis-
tribution is much more variable [24, 59-61]. These rods
are also less concentrated than the fused boron/boron-
copper systems, resulting in a lower overall dose. Field
trials of fused boron rods and the boron/fluoride rods
indicate that both deliver effective levels of boron into
softwoods and provide protective periods consistent
with the return cycle for inspection and retreatment (5
to 10 years, depending on location).

There are relatively few long-term field trials of boron
rods in large timbers or poles, but one nearly 30-year
study is helpful for understanding how these treat-
ments perform. Douglas-fir poles received either 180
or 360 g of boron rod evenly distributed among three
holes drilled around groundline. Boron movement was
sampled periodically by removing increment cores
from around the treatment zone, extracting the wood
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Figure 8. Heatmaps showing boron levels over 28 years in Douglas-fir pole stubs treated with 180 (a) and 360 (b) g of fused borate rods.
Boron levels are represented as kg/m® BAE. Dark blue signifies boron levels below the threshold for fungal protection. Green to red colors

signify protective boron levels [33, 62, 63].
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and analyzing the extract for boron. Boron levels were
above the protective threshold around groundline one
year after treatment in poles receiving 180 g of rod,
while levels were much lower in poles receiving the
higher dosage (Figure 8, 9). The lower boron levels in
the poles receiving the higher dosages may reflect wa-
ter sorption from the wood surrounding the treatment
holes by the rods that slowed subsequent diffusion.
Boron levels were well above the threshold 2 years
after treatment with either rod dosage and remained
so for over 12 years. Boron levels were still over the
threshold 28 years after treatment with the higher dos-
age. The results illustrate the potential for using water-
diffusible boron rods for arresting internal decay where
moisture levels are sufficient for diffusion. Similar stud-
ies in poles in a desert environment showed little or
no boron movement over a 10-year period. The results
highlight the limitations of moisture-dependent internal
treatments [33, 62, 63].

More recent results indicate that boron levels also
reached threshold levels (0.1% BAE) in poles treat-
ed with ulexite or colemanite in ethylene glycol [6].
However, solid boron rods made from ulexite and cole-
manite were associated with much lower boron levels,
illustrating the value of the glycol [9]. Ulexite rods were
associated with higher boron levels than the less solu-
ble colemanite rods. The results suggest the potential
for combining components in rods to produce differ-
ential boron release that could extend the protective
periods afforded by these treatments.

4. Conclusions

While the use of boron as a stand-alone initial preser-
vative treatment in exterior exposures is limited by the
risk of leaching, boron-based systems are extremely
useful as remedial treatments because of their abil-
ity to diffuse into the wood and inhibit further fungal
attack. As a result, boron is a common component in
external preservative pastes and is increasingly used
as an internal treatment in rod form. Boron has an ar-
ray of applications for arresting both external and in-
ternal fungal attack in large timbers. Field trials show
that these materials can move well through wet wood
and remain at protective levels for long periods that
correlate well with typical inspection cycles.
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YAZAR KILAVUZU

1. KAPSAM
Bor Dergisi, bor alaninda asagida nitelikleri agiklanmis ma-
kaleleri Turkce ve Ingilizce olarak kabul etmektedir.

Arastirma Makalesi: Orijinal bir arastirmayi bulgu ve so-
nuglariyla yansitan yazilardir. Calismanin 6zgin ve mutlaka
uluslararasi bilime katkisi olmalidir.

Tarama Makalesi: Yeterli sayida bilimsel makaleyi tarayip,
konuyu bugunku bilgi ve teknoloji dizeyinde 6zetleyen, de-
gerlendirme yapan ve bulgulari karsilastirarak yorumlayan
yazilardir.

Her makale, konusu ile ilgili en az iki hakeme gdénderilerek
sekil, icerik, 6zgin deger, uluslararasi literatiire ve bilime/
teknolojiye katki bakimindan incelettirilir. Hakem gorisle-
rinde belirtilen eksikler tamamlandiktan sonra, dergide ya-
yinlanabilecek nitelikteki yazilar, son baski formatina getirilir
ve yazarlardan makalenin son halinin onayi alinir. Dergide
basildigi haliyle makale iginde bulunabilecek hatalarin so-
rumlulugu yazarlara aittir.

Kabul edilen makaleler, lcretsiz olarak dergi internet sayfa-
sinda (online) ve/veya basili sekilde yayinlanmaktadir.

2. BASVURU FORMLARI

Makale; Kapak Sayfasi, Makale Kontrol Listesi Formu, Ma-
kale Metni, Telif Hakki Devir Formu ve Benzerlik Oran Dos-
yasi olmak Uzere bes ayri formdan olugsmalidir. Basvurular-
da iletisimde bulunulacak yazar ve dider yazarlarin iletigim
bilgileri (adres, e-posta, cep ve sabit telefon no) kapak say-
fasinda verilmelidir.

3. GONDERI KONTROL LISTESI

Basvuru surecinde yazarlar génderilerinin agagidaki listede

bulunan tim maddelere uygunlugunu kontrol etmelidirler, bu

rehbere uymayan basvurular degerlendirmeye alinmaya-

caktir.

1. Gonderilecek makale daha 6nceden yayinlanmadi ve/
veya yayimlanmak Uzere herhangi bir dergiye sunulmadi.

2. Makale Microsoft Office Word 2010 ve Uzeri bir kelime
islemci ile hazirlandi.

3. Makale A4 sayfasinda, kenar bosluklari, Ustbilgi ve altbil-
gi bosluklari ve satir araligi dergi formatina uygun olarak
ayarlandi.

4. Ana basliklar ve alt bagliklar Ingilizceleriyle birlikte dergi
formatina uygun olarak diizenlendi.

5. Tablolar dergi formatina uygun olarak hazirlandi, metin
icerisinde bahsedildi, makalenin metin bélimune yerlegti-
rildi.

6. Sekiller dergi formatina uygun olarak hazirlandi, metin
icerisinde bahsedildi, makalenin metin bélimune yerlesti-
rildi.

7. Esitlik ve Reaksiyon numaralandirmalari siral olarak der-
gi formatina uygun olarak verildi.

8. Orijinal sekiller butlintyle yazim kurallarina uygun hazir-
landi.

9. Sekil boyutlari formata uygun olacak bicimde diizenlendi.
10. Metin iginde sekiller ardisik numaralandi.

11. Kaynaklar yazim kurallarina uygun yazildi.

12. Kaynaklar metin icinde ardisik siralandi.

13. Kaynaklar metin sonunda, metin iginde verildigi sirada
listelendi.

14.Tirkce makale bashgi/Ozet/Anahtar kelimeler/Béliim
bagliklar/Tablo ve Sekil adlandirmalari ile ingilizce ma-
kale bashgi/Ozet/Anahtar kelimeler/Bolim basliklar/
Tablo ve Sekil adlandirmalarinin birbirleri ayni oldugu
kontrol edildi.

15. "Kapak SayfasI" olusturuldu.
16. Telif Hakki Devir Formu imzalandi ve gonderildi.

17. Muhtemel yazim hatalari kelime islemcinin "Yazim ve
Dilbilgisi" denetimi ile kontrol edildi.

18. "Editdre Not" alanina makalenin 6zgun yonu ve makale-
nin bilime somut katkisi yazildi.

4. TELIF HAKLARI

Makalelerin telif hakki devri, dergi internet sayfasinda sunu-
lan Telif Hakki Devir Formu doldurulup imzalanmak suretiyle
alinir. Form imzalandiktan sonra "ek dosyalari yikle" boli-
minde PDF olarak yiklenmelidir. Bu formu gdéndermeyen
yazarlarin makaleleri basilamaz.

5. GIZLILIK BEYANI

Bu dergi sitesindeki isimler ve elektronik posta adresleri bu
derginin belirtilen amagclari dogrultusunda kullanilacaktir ve
diger amaglar veya baska bir bélim icin kullaniimayacaktir.




YAZIM KURALLARI

GENEL BILGI

Makale; Kapak Sayfasi, Makale Kontrol Listesi Formu, Ma-
kale Metni, Telif Hakki Devir Formu ve Benzerlik Oran Dos-
yasi olmak Uzere bes ayri formdan olusmalidir. Basvurular-
da iletisimde bulunulacak yazar ve diger yazarlarin iletisim
bilgileri (adres, e-posta, cep ve sabit telefon no) kapak say-
fasinda verilmelidir.

KAPAK SAYFASI

Basvuru esnasinda yazar isimleri ayri bir dosya olarak yuk-
lenen Kapak Sayfasi hazirlanmali ve online olarak dergimi-
zin internet sayfasina ayri bir dosya olarak yiklenmelidir.
ilk bagvuru esnasinda yazarlari sadece dergi editérlerimiz
gorebilecektir.

Makalenin bashiginin ilk harfi blyik ve digerleri kiigik harf-
lerle sayfaya ortall olarak yazilmalidir. Baglik metne uygun,
kisa ve acik olmalidir. Bashgdin altina, makalenin yazar ya da
yazarlarinin adi, soyadi, e-posta adresleri, posta adresleri,
posta kodu ve ORCID numaralari yazilmalidir.

ingilizce makale bashgi: Makaleyi kapsayici ve anlasilir bir
baslk kullaniimalidir. Baslik buyuk harfle baslamali ve diger
tim harfleri kiigik yazi karakterinde yazilmalidir. Baslik, ge-
rektiginde standart kisaltmalarla birlikte en ¢cok 15 kelimeden
olugmalidir.

Tiirkce makale bashgi: ingilizce makale baghgdiyla uyumlu
olmalidir.

Yazar adlari ve adres bilgileri: Yazar adlarinin ve soyadla-
rinin ilk harfleri blyUk diger tim harfleri kiiglik olacak sekilde
yazilmahdir. Galigmanin yurutilmus oldugu yer yazar isim-
lerinden sonra gelmelidir. Yazari ve galismanin yUrittldigua
yeri iligkilendirebilmek amaciyla yazarin soyadindan sonra
ve galismanin yiritilmis oldugu yerden 6nce Ustsimge (1,
2, 3 vb.) ile numaralandiriimalidir. Sorumlu yazar, soyadin-
dan sonra " * " simgesi ile belirtiimelidir. Adres bilgileri igeri-
sinde g¢alismanin yuratildigu yer, sehir, posta kodu ve Ullke
adi yer almalidir. Adres bilgilerinden sonraki satira her bir
yazarin e-posta adresi yazar isimlerinin sirasina uygun ola-
rak verilmelidir.

Ozet: Ana metne atif yapmadan makalenin konusu anlasilir
bir sekilde 6zetlemelidir. Ozet 220 kelimeyi gecmemelidir.
Standart olmayan kisaltmalar ilk kullanildiginda tam olarak
yazilmaldir.

Anahtar Kelimeler: Ozetten hemen sonra gelmelidir. En
fazla 5 anahtar kelime, harf sirasiyla verilmelidir. Anahtar
Kelimeler konuyu aciklayici kelimelerden secilmelidir. Her bir
anahtar kelime "," ile ayrilmalidir. Anahtar kelimeler ciimle

icermemelidir.

Abstract: Ozette verilen metnin Ingilizceye gevrilmesiyle
olusturulmalidir. Ondalikli sayilar kullanihiyorsa bu sayilarin
Tirkge Ozette ", " ingilizce 6zette " . " olmasina dikkat edil-
melidir.

Key Words: ingilizce ozetten sonra veriimelidir. Tirkce
anahtar kelimelerle uyumlu olmalidir. Konu ile ilgili en ¢ok 5
anahtar kelime alfabetik olarak yazilmalidir.

MAKALE KONTROL LiSTESi FORMU

Makalenin metin béliminin dergi yazim kurallarina uy-
gunlugunun kabul edildigini gésteren formdur. Bagvurular
yapilmadan énce Makale Kontrol Formunun doldurulmasi
gerekmektedir. Kontrol formu makalenin ilk sayfasi olarak
verilmelidir. Dergi formatina uygun olmayan veya kontrol lis-
tesi doldurulmamis olan basvurulan degerlendiriimeye alin-
mayacaktir.

MAKALE METNI

Makale Kontrol Listesi Formundan hemen sonra Makale

Metni baglamalidir. Makaleler asagida verilen detaylar g6z

Oonunu alinarak hazirlanmalidir.

- Makalenin metin bolimi Times New Roman 12 punto
Yazi Tipi karakterinde, Microsoft Office Word 2010 ve lize-
ri bir kelime islemci ile hazirlanmasi ve Microsoft Office
Word'un Yazim ve Dilbilgisi boliminden yazim hatalarinin
kontrol edilmesi ve dizeltiimesi gerekmektedir.

- Makale tek siitun halinde mimkun oldugunca yalin olarak,
2,5 cm kenar bosluklar kullanilarak A4 sayfasinda olustu-
rulmalidir.

- Makale dizenlenirken sayfa dizeninin degistiriimemesi
gerekmektedir.

- Satir araliklari 1,5 olarak ayarlanmali ve paragraflar ara-
sinda bir satir bosluk birakilmalidir. Paragraflar oncesi
veya sonrasinda otomatik aralik birakilmamalidir.

- Sayfa gegcislerinde bdlim sonlari eklenmemeli ve tim Ma-
kale tek bir bélimden olugsmalidir.

- Tum basliklarin yaninda ingilizce karsiliklari parantez ice-
risinde yazilmalidir.

- Makale metni referanslar dahil arastirma makaleleri igin
14.000 kelimeyi tarama makaleleri igin ise 22.000 kelimeyi
gecmemelidir.

- Tablolar ve Sekiller Dergimizin istemis oldugu formata uy-
gun olarak hazirlanmadir.

- Makale metni, ana basliklarla bélimlere ayrilmali ve her
bolim bashdr numaralandiriimalidir.  Numaralandirma
islemleri ana bolimler igin 1.'den baglamali ve tim ana
basliklar (Ozet, Tesekkiir, Kaynaklar ve Ekler bdlimleri
harig) igin devam etmelidir. Ikincil bagliklar ana béliim nu-
maralandirmasina uygun olarak 1.1., 1.2., 1.3., ... seklinde
devam etmelidir. Uglincli basliklar ikinci bagliklara uygun
olarak 1.1.1., 1.1.2., 1.1.3., ... seklinde devam etmelidir.
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Ornek bir makale formati agagida verilmistir:

Kapak sayfasi

1.Girig (Introduction)

2.Malzemeler ve Yontemler (Materials and Methods)
3.Sonuglar ve Tartisma (Results and Discussion)
4.Sonuglar (Conclusions)

5.Simgeler (Symbols)

Tesekkir (Acknowledgment)

Kaynaklar (References)

Ekler (Appendices)

1. Girig (Introduction)

Detayli bir literatlir 6zeti, calismanin amacini ve kurulmus
olan hipotezi icermelidir. Kaynaklar toplu olarak ve aralikli
verilmemeli (6rnek [1-5] veya [1, 2, 3, 5, 8]), her kaynadin ca-
lismaya katkisi irdelenmeli ve metin igerisinde belirtiimelidir.

2. Malzemeler ve Yontemler (Materials and Methods)
Yuritilmus olan calisma deneysel bir calisma ise deney
proseduri/metodu anlasilir bir sekilde aciklanmalidir. Teorik
bir calisma yuritilmuisse teorik metodu detayl bir sekilde
verilmelidir. Yapilan ¢alismada kullanilan metot daha 6nce
yayinlanmis bir metot ise diger ¢alismaya atif yapilarak bu
calismanin diger calismadan farkli belirtiimelidir.

3. Sonuglar ve Tartisma (Results and Discussion)
Elde edilen verilen acik ve 6z bir sekilde verilmelidir. Elde
edilen tim veriler literatir ile karsilastiriimalidir.

4. Sonuglar (Conclusions)
Elde edilen verilen acik ve 6z bir sekilde verilmelidir. Elde
edilen tim veriler literatur ile karsilagtiriimalidir.

5. Simgeler (Symbols)

Makalede kullanilan simgeler acgiklamalariyla birlikte alfabe-
tik siraya uygun olarak dizenli bir sekilde verilmelidir. Kul-
lanilan diger simgeler alfabetik siralamadan sonra gelebilir.
Gerektiginde “Yunan Harfleri”, “Alt indis” gibi alt basliklar
kullanilabilir.

Tesekkiir (Acknowledgment)
Makalenin sonunda ve kaynaklar blimunden énce verilir.

Kaynaklar (References)

- Basilmis kaynaklarin DOI ve ISBN numarasi belirtiimelidir.

- Internet sitesi adresleri (URL) kaynak olarak veriimeme-
lidir. Ancak metin icerisinde verinin gectigi yerde veriden
sonra belirtilebilir.

- Kaynaklar listesi metin igerisinden kullaniima sirasina uy-
gun olarak numaralandiriimahdir.

- Kaynaklar, “APA Publication Manual, Seventh Edition” ku-
rallarina uygun olarak hazirlanmalidir.

- Kaynaklar ingilizce olarak hazirlanmalidir. Tiirkge kaynak-
larin ingilizce karsiliklari kdseli parantez icerisinde belirtil-
melidir.

Kaynaklar igcin Orneklere https://apastyle.apa.org/style-
grammar-quidelines/references/examples adresinden ulasi-
labilir.

Kaynaklar igin 6rnekler asagida verilmigtir:
- Kaynak bir makale ise: Yazarin soyadi, Adinin bas har-

fi. (Yil). Makalenin tam bashgi. Derginin Tam Adi, Cilt no
(Sayi1 no), makalenin baglangig ve bitis sayfa no.

Uysal, I., Yilmaz, B., & Evis, Z. (2020). Boron doped hydroxyapatites
in biomedical applications. Journal of Boron, 5(4), 192-201.

- Kaynak yazari verilen bir kitap ise: Yazarin soyadi, Adi-
nin bas harfi. (Yil). Kitabin Adi. (cilt no, varsa editérd). Ya-
yinevinin adi. ISBN veya DOI numarasi.

Yunld, K. (2019). Bor: Bilesikleri, Sentez Yéntemleri, Ozellikleri, Uy-
gulamalari. [Boron: Its Compounds, Synthesis Methods, Properties
and Applications] (2nd Ed.). Aydili Advertising Agency. ISBN 978-
605-5310-93-6.

- Kaynak editori verilen bir kitap ise: Editorin soyadi,
Adinin bas harfi (Eds.). (Y1l). Kitabin Adl. (cilt no). Yayine-
vinin adi. ISBN veya DOI numarasi.

Korkmaz, M. (Eds.). (2020). Bor ve insan Sagligi [Boron and Human
Health]. Kuban Printing and Publishing. ISBN 978-605-9516-69-3.

- Kaynak kitaptan bir boliim ise: Bolim yazarinin soya-
di, Adinin bas harfi. (Y1l). Kitabin Adi. In bolim editériiniin
Soyadi, Adinin bas harfi (Eds.), Béliimiin Adi (Varsa cilt
no, alintilanan sayfalar). Yayinevinin adi.

Hakki, S., & Nielsen, F. N. (2020). Boron and Human Health., An-
ti-Inflammatory and Anti-Microbial Potentials of Boron in Medicine
and Dentistry (pp. 67-82). Nobel Academical Publishing, Education,
Consultancy Ltd.

- Kaynak basilmis tez ise: Yazarin soyadi, Adinin bas har-
fi. (Yil). Tez Basligi [Tezin kategorisi, Universite]. Tezin ka-
yitl oldugu arsiv. Varsa tezin baglantisi.

Akbaba, S. (2018). Biopolymer modified polypropylene mesh for
hernia treatment [M. Sc. thesis, Middle East Technical Univer-
sity]. Council of Higher Education Thesis Center (Thesis Number

527833).

- Kaynak kongreden alinmis bir teblig ise: Yazarin so-
yadi, Adinin bas harfi. (Yil). Tebligin adi. Kongrenin Adi,
Yapildigi yer, Tebligin baslangi¢ ve bitis sayfa no.

Akbaba, S., Atila, D., Tezcaner, T, & Tezcaner A. (2018).
BIOMED2018-TR 23. Biyomedikal Bilim ve Teknoloji Sempozyu-
mu [BIOMED2018-TR 23rd Biomedical Science and Technology

Symposium], Turkey, p. 43.

Ekler (Appendices)

Makaledeki ekler EK A (Appendix A), EK B (Appendix B) ve
EK C (Appendix C) vb. olarak adlandiriimalidir. Ekler igeri-
sindeki denklem numaralandirmalari A1, A2, A3 vb. olarak,
Tablo ve Sekil numaralandirmalari Tablo A1, Tablo A2, Sekil
A1, Sekil A2 vb. olarak adlandiriimahidir.

Diger Hususlar

Esitlik Numaralari: Metin igerisinde esitlikler Es. 1, Es. 2
seklinde verilmelidir. Esitlik numaralandirmalari parantez
icerisinde (1), (2), (3) vb. olarak, reaksiyon numaralandirma-
lari (R1), (R2), (R3) vb. olarak numaralandiriimahdirlar.

Birimler: Metin, sekil ve tablo igerisinde Sl birim sistemi kul-
laniimahdir.
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Sekiller ve Tablolar:

- Tablo icermeyen butun goéruntiler (fotograf, ¢izim, diyag-
ram, grafik, harita vs.) sekil olarak belirtilir.

- Tablo ve sekiller metin icinde gecislerine gére numaralan-
dirimali, butiin tablo ve sekiller ilgili paragraftan hemen
sonra verilmelidir. Tablo ve sekillerin her birinin metin igeri-
sinde bahsedildiginden emin olunmalidir.

- Tablo basliklari tablonun Ustiine ve sekil basliklari seklin
altina konulmalidir. Tablolarin ve Sekillerin Tirkge baglik-
larindan sonra ingilizce bagliklari parantez icerisinde veril-
melidir.

- Makaleye eklenecek sekiller (fotograf, cizim, diyagram,
grafik, harita vs.) mutlaka ylksek ¢ozinurlikte (300dpi
veya Ustl) olmalidir. Kabul edilen goriinti formatlari jpeg,
png, tiff, bmp, eps, wmf, emf veya pdf'dir. Dosya boyutlari
1 Mb’ti gegmemelidir.

- Boyutlandirma iglemi orijinal veri Gzerinde yapilmaldir.
Eksen basliklari, etiketlendirme ve aciklamalari (metin
kutusu, oklar, Uste resim vb. sekilde) Word igerisinde ya-
pilmamalidir. Grafik, Word belgesine tek bir 6ge halinde
eklenmelidir

- Tablolar resim olarak verilmemelidir. Blyuk tablolarin tek
bir sayfaya sigmasi tercih edilir. Sekillerde el yazisi kulla-
nilmamalidir. Renkli fotograflar kabul edilebilir ancak bas-
ki siyah-beyaz formata olacaktir. Grafiklerin siyah-beyaz
baskida belirgin olabilmesi i¢in uygun simgelerin kullanil-
masina 6zen gdsterilmelidir.

Yapisal Diyagramlar ve Matematiksel Denklemler: Mole-
kil yapilarinin yani sira matematiksel denklemler metin igin-
de ait olduklari yerde ¢izilmis veya yazilmis olmali ve ayri
bir satirda gdsterilmelidir. Bu molekul yapilari veya matema-
tiksel denklemler sag yaninda ve parantez iginde numara-
landirilarak daha sonraki kullanimlarda bu numaralara atif
yapiimalidir.

Esitlikler ve denklemler icin MS Word Equation Editor fonk-
siyonu, simgeler icin ise MS Word'de Insert/Symbol fonksi-
yonu kullaniimalidir.

TELIF HAKKI DEVIR FORMU

Yazilarin telif hakki devri, dergi internet sayfasinda sunulan
form doldurulup imzalanmak suretiyle alinir. imzali Telif Hak-
ki Devir Formunu géndermeyen yazarlarin yayinlari deger-
lendirmeye alinmaz.

BENZERLIK ORAN DOSYASI

Makalenizin referanslar bolimu dahil Tam Metni "iThentica-
te" veya "Turnitin" programlari ile taranmalidir. ilgili program-
dan alacaginiz benzerlik orani sonucunun PDF formatinda
sistemimize yuklenilmesi gerekmektedir.




AUTHOR’S GUIDE

1. SCOPE
Journal of Boron; accepts articles in the field of boron, whose
qualifications are explained below, in Turkish and English.

Research Article: These are articles that reflect an origi-
nal research with its findings and results. The study must be
original and must contribute to international science.

Scan Article: These are articles that scan a sufficient num-
ber of scientific articles, summarize the subject at the current
knowledge and technology level, evaluate and compare the
findings.

Each article is sent to at least two referees on its subject
and has it examined in terms of form, content, original value,
contribution to international literature and science / technol-
ogy. After the deficiencies stated in the referee opinions are
completed, the articles that can be published in the journal
are brought to the final print format and the approval of the
final version of the article is obtained from the authors. The
responsibility of the errors that may be found in the article as
it is printed in the journal belongs to the authors.

Accepted articles are published free of charge on the jour-
nal's website (online) and/or in print.

2. APPLICATION FORMS

It should consist of five separate forms: Cover Page of Arti-
cle, Article Checklist Form, Article Text, Copyright Form and
Similarity Ratio File. Contact information (address, e-mail,
mobile and fixed phone number) of the author and other au-
thors to be contacted during the applications must be given
on the cover page.

3. SUBMISSION CHECKLIST

During the application process, authors must check the com-

pliance of their submissions with all the items in the list be-

low, applications that do not comply with this guideline will

not be evaluated.

1.The article to be sent has not been published before and/
or has not been submitted to any journal for publication.

2.The article was prepared using Microsoft Office Word
2010 or higher word processor.

3.Margins, header and footer spacing and line spacing on
the A4 page of the article have been adjusted according to
the journal format.

4.Main headings and sub-headings were arranged in ac-
cordance with the journal format, together with their Eng-
lish translations.

5.The tables were prepared in accordance with the journal

format, they were mentioned in the text and placed in the
text section of the work.

6.Figures were prepared in accordance with the journal for-

mat, they were mentioned in the text, and placed in the
text section of the work.

7.Equation and Reaction numbers were given in order in ac-

cordance with the journal format.

8. Original figures were prepared entirely in accordance with

the spelling rules.

9.Figure sizes are arranged to fit the format.

10. Figures in the text are numbered consecutively.

11. References are written according to the spelling rules.

12. References are listed consecutively in the text.

13. References are listed at the end of the text, in the order
given in the text.

14. 1t was checked that Turkish Article Title / Abstract / Key-
words / Section Titles / Table and Figure titles and Eng-
lish Article Title / Abstract / Keywords / Section Titles /
Table and Figure titles are the same.

15. The "Cover Page" containing the title of the work, the
names of the authors and contact information was cre-
ated.

16. The Copyright Form was signed and sent.

17. Possible spelling errors were checked with the word pro-
cessor's "Spelling and Grammar" check.

18. The original aspect of the article and its concrete contri-
bution to science are written in the "Note to the Editor"
field.

4. COPYRIGHTS

The copyright transfer of the articles is taken by filling and
signing the Copyright Transfer Form presented on the jour-
nal website. After the form is signed, it should be uploaded
as PDF in the "upload additional files" section. Works of au-
thors who do not submit this form cannot be published.

5. PRIVACY NOTICE

Names and e-mail addresses on this journal site will be used
in line with the stated purposes of this journal and will not be
used for other purposes or any other section.




WRITING RULES

GENERAL INFORMATION

An atricle is composed of 5 individual forms which are cover
page, article checklist form, article manuscript, copyright
transfer form and plagiarism score file. Contact information
(address, e-mail address and phone number) of the corre-
sponding author must be given in cover letter.

COVER PAGE

A cover page must be prepared and submitted to journal’s
webpage as an individual file. Author information will be visi-
be only to journal editors during initial application.

Title of the article must start with a capital letter and centered
to the page. The title must be brief, clear and appropriate
for the manuscript. Name, surname, e-mail, affiliation, postal
code, city and ORCID number of author(s) must be given
below the title.

Title of the article in English: An inclusive and understand-
able title must be used. The title must start with a capital
letter and the rest must be lowercase. The title must be no
longer than 15 words including required standard abbrevia-
tions.

Title of the article in Turkish: Must be in concorcance with
the Turkish title.

Author Names and Address Information: Authors’ names
and surnames must start with a capital letter. Author names
are followed by the institution where the author is affiliated.
Uppercase numbers must be used in order to relate the au-
thor to the institution. Corresonding author must be denoted
with the asterisk sign “ * 7, after their surname. Address infor-
mation must include institution, city, postal code and country
name. E-mail address must be added after the adddress line
for all authors, according to author order.

Abstract: Topic of the article must be summarized without
citing the article. An abstrat must not exceed 220 words.
Non-standard abbreviations must be explained when used
for the first time.

Keywords: Must be placed after abstract. Maximum 5 words
must be given with alphabetical order. Keywords must be
chosen from explanatory words about the topic. Every key-
word must be separated from each other with “, ”. Keywords
must not include full sentences.

Abstract in English: Must be formed by translating the text
in abstract. If decimal are used, ", " must be used for Turkish
abstract and " . " must be used for English numbers.

Keywords in English: Must be placed after Abstract in Eng-
lish. Must be in concordance with Turkish keywords. Maxi-
mum of 5 words must be written with the alphabetical order,
about the topic.

ARTICLE CHECKLIST FORM

It is the form that shows approval of the article manuscript
to the journal’'s writing rules. Article Checklist Form must
be filled before submission. Article Checklist Form must be
given as the first page of the monuscript. Applications that
are not in accordance with the journal’s format or submitted
without Article Checklist Form will not be evaluated.

ARTICLE MANUSCRIPT

Article Manuscript must be placed after Article Checklist

Form. Article manuscript must be prepared by considering

details given below.

- Article manuscript must be prepared with Times New Ro-
man font and 12 font size by using Microsoft Office Word
2010 or later version word processor. Misspelings and
grammatical errors must be checked and corrected by us-
ing Microsoft Office Word’s proofing errors section.

- Article manuscript mus be prepared in A4 size page with
2.5 cm margins from each side, as a single column.

- Page order must not be changed when aricle is rewieved.

- Line and paragraph spacing must be set to 1.5 and there
must be 1 line space between paragraphs. There must be
no automatic line spacing before and after paragraphs.

- There must be no page breaks between pages and whole
manuscript must consist of a single section.

- In case the article is in Turkish, translation of all headings
must be given in parantheses.

- The manuscript must not exceed 14,000 words for re-
search articles and 22,000 for review articles including
references.

- Tables and figures must be prepared according to the jour-
nal’s requirements.

- The manuscript must be divided into main sections and
each section must be numbered. Numbering must start
from 1 and go on for all main sections (Except for Abstract,
Acknowledgements, References and Appendices sec-
tions). Secondary headings must be numbered as 1.1.,
1.2, 1.3., etc. in concordance with main headings. Ter-
tiarty headings must be numbered as 1.1.1., 1.1.2,, 1.1.3,,
etc. in concordance with secondary headings.

Manuscript format sample is given below:

Cover page
1.Introduction
2.Materials and Methods
3.Results and Discussion
4.Conclusions
5.Symbols
Acknowledgments
References

Appendices

1. Introduction

Must include detailed literature review, purpose and hypoth-
esis of the conducted study. Contribution of a reference must
be examined and placed individually in the manuscript, must
not be given collectively.

2. Materials and methods

If the manuscript is for a research article, experimental meth-
ods must be explained in an understandible and detailed
manner. Theoretical approach must be explained in detail,
if a theoretical study was conducted. If the method that was
used is already published, related source must be cited and
differences must be pointed.

3. Results and discussion
Obtained data must be presented clearly. Data interpretation
and literature comparison must be done.

4. Conclusions
Main conclusions of the conducted study must be given bi-
refly.
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5. Symbols

Symbols that are used in the manuscript must be given
with an alphabeticl order. Other symbols can be given after
the alphabetical order. Greek letters and subscripts can be
used, if required.

Acknowledgment
Acknowledgements is given after the manuscript and before
the references.

References

- DOl or ISBN numbers of published sources must be given.

- Webpages (URL) must not be used as a reference. They
can be used only in manuscript after data.

- References must be numbered with the same order as
mentioned in the manuscript.

- References must be prepared according to “APA Publica-
tion Manual, Seventh Edition” rules.

- References must be prepared in English. English transla-
tion of Turkish sources must be denoted with square brac-
kets.

Sample references can be found from the URL address ht-
ps://apastyle.apa.org/style-grammar-quidelines/references/
examples

- If the source is an article: Author’s Last Name, Initial of
Author’s First Name. (Year). Article’s full title. Journal’s Full
Title, Volume number (Issue number), Page numbers.

Uysal, I., Yilmaz, B., & Evis, Z. (2020). Boron doped hydroxyapatites
in biomedical applications. Journal of Boron, 5(4), 192-201.

- If the source is a book with authork: Author’s Last
Name, Initial of Author’s First Name. (Year). Book’s Name.
(Volume number, Editor, if present). Publisher. ISBN or
DOI number.

Yinlu, K. (2019). Bor: Bilegikleri, Sentez Yéntemleri, Ozellikleri,
Uygulamalari. [Boron: Its Compounds, Synthesis Methods, Prop-
erties and Applications] (2nd Ed.). Aydili Advertising Agency. ISBN
978-605-5310-93-6.

- If the source is a book with editor: Editor’s Last Name,
Initial of Editor’s First Name (Eds.). (Year). Book’s Name.
(Volume number). Publisher. ISBN or DOI number.

Korkmaz, M. (Eds.). (2020). Bor ve insan Sagligi [Boron and Human
Health]. Kuban Printing and Publishing. ISBN 978-605-9516-69-3.

- If the source is a chapter from a book: Chapter Au-
thor’s Last Name, Initial of Chapter Author’s First Name.
(Year). Book’s Name. In Last Name of Chapter’s Editor,
First Name of Chapter’s Editor (Eds.), Chapter’s Name
(Volume niumber if present, Pages). Publisher.

Hakki, S., & Nielsen, F. N. (2020). Boron and Human Health., Anti-
Inflammatory and Anti-Microbial Potentials of Boron in Medicine
and Dentistry (pp. 67-82). Nobel Academical Publishing, Education,
Consultancy Ltd.

- If the source is a published thesis: Author’s Last Name,
Initial of Author’s First Name. (Year). Thesis title [Thesis
category, University]. Archieve that the thesis is registered
(Thesis Number). Link to the thesis, if present.

Akbaba, S. (2018). Biopolymer modified polypropylene mesh for
hernia treatment [M. Sc. thesis, Middle East Technical Univer-
sity]. Council of Higher Education Thesis Center (Thesis Number

527833).

- If the source is from a conference proceeding: Author’s
Last Name, Initial of Author’s First Name. (Year). Name
of the proceeding. Name of the Conference, Place of the
Conference, Proceeding page numbers.

Akbaba, S., Atila, D., Tezcaner, T., & Tezcaner A. (2018).
BIOMED2018-TR 23. Biyomedikal Bilim ve Teknoloji Sempozyumu
[BIOMED2018-TR 23rd Biomedical Science and Technology Sym-
posium], Turkey, p. 43.

Appendices

Appendices in the manuscript must be named as AP A (Ap-
pendix A), AP B (Appendix B) and AP C (Appendix C) etc.
Equation numbering within the appendix must be as A1, A2,
A3 etc., whereas Table and Figure numbering must follow as
Table A1, Table A2, Figure A1, Figure A2 etc.

Other Issues

Equality Numbers: Equations in the manuscript must be
given as Eq. 1, Eq. 2. Equations must be numbered in brack-
ets as (1), (2), (3), etc., and reaction numbers as (R1), (R2),
(R3), etc.

Units: The Sl unit system must be used in the text, figures
and tables.

Figures and Tables:

- All images (photographs, drawings, diagrams, graphs,
maps, etc.) that do not contain tables are considered as
figures.

- Each table and figure must be numbered according to
their transition in the text, and all tables and figures must
be given right after mentioned paragraph in manuscript. It
must be made sure that each table and figure was men-
tioned in the text.

- Table captions must be placed above the table and figure
captions must be placed under the figure. Table and figure
captions must also be noted in English and given in paren-
theses if the manuscript is in Turkish.

- Figures (photograph, drawing, diagram, graphic, map,
etc.) to be added to the article must be at high resolution
(300dpi or higher). Accepted image formats are jpeg, png,
tiff, bmp, eps, wmf, emf or pdf. File sizes must not exceed
1 Mb.

- The sizing process must be done on the original data. Axis
titles, labelling and explanations (such as text box, arrows,
picture on top, etc.) must not be added with Word. The plot
must be added to the Word document as a single element.

- Tables must not be added as pictures. Large tables are
preferred to be fit in a single page. Handwriting must never
be used in figures. Although colorized figures are accepta-
ble, printing will be done in black-white format. Appropriate
symbols must be used in order for figures to be prominent
in black-white printing.

Structural Diagrams and Mathematical Equations: Math-
ematical equations as well as molecular structures must be
drawn or written where they belong in the text and displayed
on a separate line. These molecular structures or mathemat-
ical equations must be numbered on the right side and in
parentheses for later referring.

MS Word Equation Editor function must be used for equa-
tions, and Insert/Symbol function in MS Word for symbols.
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COPYRIGHT FORM

Copyright transfer of the articles is taken by filling and sign-
ing the form presented on the journal website. The publica-
tions of the authors who do not send the signed Copyright
Form will not be evaluated.

SIMILARITY RATIO FILE

The manuscript, excluding the references section, must be
scanned using the "iThenticate" or "Turnitin" programs. The
similarity ratio result received from the relevant program
must be uploaded to system in PDF format. It is expected
that similarity ratio is not more than 10%.
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