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Oz

Bu calismada, sol-jel metoduyla katkisiz, evropyum ve disprosyum katkili SrAl,Os4 ve bor katkili SrAlOs: Eu?', Dy** fosfor
malzemeleri olmak iizere ii¢ farkli grup hazirlanmistir. Sol-jel metodunda aliiminyum, strunsiyum, evropyum ve disprosyumun
nitratlar1 baslangi¢c kimyasallar1 olarak kullanildi. Bor katkisinin nanoliflerin faz stabilitesi tizerindeki etkisini gérmek igin farkli
oranlarda bor eklenmistir. Deneysel ¢aligmalarda elektroegirme yonteminde siireg degiskenleri olarak; uygulanan voltajin etkisi,
siringa ignesi ve toplayici plaka arasindaki mesafe incelenmistir. Fosforesan 6rneklerinin karakterizasyonu, DSC/TG, XRD ve SEM
ile gergeklestirilmistir. Tozlarin DSC/TG analizi sonucunda toplam agirlik kaybi 25°C ve 1300°C sicakliklari arasinda
Sr0O.Ax03.xB20; icin %68,8, SrO.Al,03.xB,03 x=0.2 i¢in %65,43 ve SrO.Al,03.xB,03 x=0.4 i¢in %69,87. Sentezlenen tozlarin
XRD analizi sonucunda, yapinin katkisiz ve Eu-Dy katkili numunede monoklinik SrA1204 formunda oldugu ve ortorombik kristal
yapilt SrsAli4O02s yapisina doniistigli gozlemlenmistir. Fiber boyut ve dagilimi FibraQuant 1.3 yazilimi ve SEM goriintiileri
yardimiyla belirlenmistir. Fiberlerin ortalama caplari sirasiyla SrO.Al,03.xB>03, SrO.Al,03.xB>03 x=0.2 ve SrO.A1,03.xB,03; x=0.4
icin 604 nm, 419 nm ve 285 nm’dir. Nanoliflerin SEM fotograflarini inceleyerek, bor katkisinin nanolif yap1 tizerinde dnemli bir
etkiye sahip oldugunu ve bor miktarindaki artigi, daha diizenli ve daha kii¢lik ¢apli nanoliflerin meydana geldigi gozlemlenmistir.
Sonug olarak, bor katkisinin SrAl,O4: Eu, Dy yapisinin termal, mineralojik ve morfolojik &zellikleri lizerinde 6nemli bir etkisi oldugu
belirlenmistir.

Anahtar Kelimeler: Liiminesans, Nanolif, Elektroegirme, Sol-jel, Faz kararlilig1

Effect of Boron Doping on Phase Stability of SrAl,O4 : Eu*?, Dy*?
Nanofibers

Abstract

In this study, three varied groups as pristine, europium and dysprosium doped SrAl,O4 and boron doped SrAl,O4:Eu?*, Dy**
phosphorus materials were prepared by sol-gel method. In sol-gel method the nitrates of aluminum, strontium, europium and
dysprosium were used as precursors. To see the effect of boron additive on phase stability of nanofibers, different ratios of boron
were added. In the experimental studies, as process variables during the electrospinning method; the effect of the applied voltage, the
distance between the syringe needle and collector plate were examined. The characterization of phosphorescence samples was carried
out with DSC/TG, XRD and SEM. As a result of DSC/TG of powders total weight losses were 68.98% for SrO.Al,O3.xB,0s, 65.43%
for SrO.A1,03.xB>03 x=0.2 and 69.87% for Sr0.Al,03.xB,0; x=0.4 between 25°C and 1300°C. As a result of XRD analysis of the
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synthesized powders the structure was observed to be in monoclinic SrAl,O4 form in the pristine and Eu-Dy doped samples and turn
into orthorhombic crystal-structured SrsAl1402s5 structure. The fiber size and distribution have been determined by FibraQuant 1.3
software and the SEM images. The average diameters of the fibers were 604 nm, 419 nm and 285 nm for SrO.Al,O03.xB>0s,
Sr0.Al,03.xB>03; x=0.2 and SrO.Al,03.xB>03 x=0.4, respectively. Through examining the SEM photos of nanofibers, it’s observed
that boron additive has a significant effect on nanofiber structure and with the increase in the boron amount, much order and much
small-diameter nanofibers occur. Consequently, it is determined that boron additive has a significant effect on thermal, mineralogical
and morphological properties of SrAl,O.: Eu, Dy structure.

Keywords: Luminescence, Nanofiber, Electrospinning, Sol-gel, Phase stabilization.

1. Introduction

Phosphorus materials are energy storage materials can absorb luminous energy under a visible or UV light source and then glows
on darkness by emitting stored energy (Chang et al 2004, Lin et al 2001). Photoluminescence materials are discovered and began to
study a long time ago. At the beginning, Co, Cu and Mn doped zinc sulphide was estimated as leading of luminescence substances
(Chang et al 2006, Nakauchi et al 2018, Hu et al2018,Yadavand Rai 2018, Garcia et al2018). Unfortunately, it could only provide
phosphorescence no more than 1-2 hours and its chemical stability was insufficient (Chang et al 2006). Accordingly, strontium
aluminates draw attention recently due to their thermally, chemically stable structure and several properties and high quantum
efficiency compared to traditional zinc based sulphides (Lai et al 2013, Kim et al 2013, Nag and Kutty 2004, Smets et al 1989, Shafia
et al 2014). Moreover, Eu?" and Dy>" doped strontium aluminates exhibit such a prolonged afterglow performance, more than ten
times compared to the phosphors (Hu et al 2018, Shafia et al 2014, Liu et al2005).

SrO-AlLO; system, has many members like SrAl>O4, SrAl;»0O19, Sr2AlO11 and SrAli4O»s (Nag and Kutty 2003, Hernandez
Alvarado et al 2018). There are several chemical synthesis techniques to prepare strontium aluminate such as solid state reaction,
chemical precipitation, combustion reaction, sol—gel method, microwave techniques (Xiao et al 2010, Lu et al2004, Chen and Chen
2001). The compound SrAl,O4 has hexagonal and monoclinic polymorphs phase. They present luminescence effects when doped
with rare earth elements (Lin et al 2001, Jia et al1998).

In this study, we developed 0,01 % mole Eu and Dy-doped strontium aluminate and 0, 0.2, 0.4 % mole boron doped strontium
aluminate (Eu, Dy) nanofibers by electro spinning at different parameters. The characterization of the produced strontium aluminate
nanofibers was examined by XRD, SEM, and DSC/TGA. The effects of the diameter of the nanofibers and amount of the doped boron
on the crystallographic and morphological characteristics of the produced nanofibers were characterized by using data obtained from
XRD and SEM measurements, respectively.

2. Material and Method

The precursor materials used were analytical grade and supplied from Merck A.G. The nitrates of aluminum and strontium,
[AI(NOs3)3] and [Sr(NO3),] were both dissolved in ethyl alcohol and they were vigorously mixed for 1 h at ambient temperature. The
nitrates of Eu and Dy [Dy(NOs3)3; and Eu(NO3);] were both mixed in 1 mL deionized water, and then both solutions were stirred while
the molar stoichiometry was 1:0.01:0.01 for Sr/Eu/Dy, respectively. In order to see the effect of boron additives, forming the basis of
the study, boron alkoxide [B(OC3H5);] was added in different proportions (0%, 0.2% and 0.4% mole) to the mixture obtained (Fig. 1).

Then, polymer solution was prepared mixing 0.5 g polyvinylpyrrolidone (PVP, Aldrich, (CsHoNO)x, Mw = 1,300,000 g/mol) in
10 mL ethyl alcohol (Sigma-Aldrich, > 99.8%). First solution was poured into the last polymer solution. Finally we got a
homogeneous polymer solution and loaded it into a plastic syringe of the pump.
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Figure 1: Experimental flowchart.
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Figure 2: Schematic of electrospinning set up (Evcin and Eksi 2018).

The electrospinning set up is shown in Fig. 2. As given from Fig. 2, an electrospinning process consists of 3 main parts, such as
infusion pump (Syringe Pump Top-5300), high voltage supplier (Gamma ES30) and collector (Bezir et al 2015). Firstly, SrAl,O4: Eu,
Dy and boron-doped SrAl,O4: Eu, Dy nanofibers on collector were prepared. We examined three distances (4, 6 and 8 cm) and three
voltages (15, 20 and 25 kV) for a constant flow rate of the solution (0.5 mLh™).

Some of the latest obtained solution were heated for 5 hours at 300 °C and formed in a white foamy gel. The gel obtained was
dried in an oven at 105 °C through keeping one day. By analyzing the dried gels in respect of DSC/TGA (Netzsch STA449F3), the
calcination temperature and weight loss that will occur in samples were measured. Powders were calcined using alumina substrates in
N2 atmosphere for 4 h at 1200 °C to remove residual carbon and organics from starting materials. Crystal phase identification of the
powder samples were performed by XRD (Shimadzu 6000) with CuKa radiation (A=1.5418 A) at 40 kV and 100 mA. The
morphology, average fiber diameter of nanofibers and average grain size of powders were characterized by SEM (Leo 1430 VP).

3. Results and Discussion

DSC/TG analysis show that (Fig. 3a-c), great weight loss and endothermic reaction at the temperatures between 25 and 179.2 °C
take place due to left of the moisture that the starting materials contain, organic volatile components and the solvents. The other
endothermic peaks between 628.2 and 722.6 °C are thermal decomposition of Al and Sr hydroxide, which is also supported by the
occurred weight losses. Upon comparing the analysis of strontium aluminate without additive and with Eu and Dy additive, it is seen
that a slight dislocation in the peak occur. It is thought that exothermic peaks in the Fig. 3b and 3¢ between 947.6 and 939.5 °C are
resulted from the change of the crystal structure of strontium aluminate with the additives of Eu, Dy and B. As it is also stated by lots
of researchers that boron additive has a flax effect, it’s normal to give peaks in the lower temperatures (Lai et al 2013, Nag and Kutty
2004, Nag and Kutty 2003, Niittykoski et al 2004).
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Figure 3: DSC/TG analysis of (a) SrO.Al,03.xB,03 (Eu, Dy) x=0 (b) SrO.Al,03.x B,O3 (Eu, Dy) x=0.2 (¢) SrO.Al:O3.x B,0;
(Eu, Dy) x=0.4.

As indicated in Fig. 4, because there is no change in the XRD analysis of the produced powders without additive and with 0.01
mole Eu-Dy additive, only the XRD peaks of the sample with Eu-Dy additive have been given in the text. Similar results have been

obtained in the literature, too and it is seen that the powder belongs to monoclinic SrAl,O4 (Hu et al 2018, Arikan 2010, Karakas
2010, Sasaki et al 2018).

Upon examining the XRD patterns in the Fig. 4a-c, it is seen that SrsAl40,5 form with orthorhombic crystal structure, which is
another strontium aluminate, occurs besides SrAl,O4 structure with the increasing boric additive. It’s seen that the structure turns into
Sr4Al14025 completely with the boric additive in the 0.4 mole (% 40) rate. The existence of boron oxide has quickened phase formation
of Sr4Al14025 by acting as a high temperature solvent, and via the reaction of boron oxide and SrAl,Os, it has turned into Sr4Ali4025
phase. In the literature, it seen that strontium aluminate with 1 mole (% 100) boron additive turns into crystalline strontium aluminate
borate (SrAl,B,O7) as a glassy phase. In our study, it is thought that probably occurring strontium aluminate borate are not observed
in XRD analysis because they stay in amorphous structure [3,5,10,26-30]. As it can be indicated in Fig. 1, prepared solutions have
been bisected, and the first one has been crushed into powder and the other has been produced as nanofiber. Both samples have been
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analyzed morphologically with the SEM. As it is seen in Fig. 5a-c, it is determined that general structure sizes about 1 um, it has not
an obvious form and shaped, by spherical grains and has a homogenous distribution (Arikan 2010, Rojas-Hernandez et al 2018, Luitel
2010, Luitel et al 2013, Thompson 2007). The increases of contact points of between the grains in the structure and neck formation
have been observed.
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Figure 4: XRD analysis of (a) SrO.Al,03.xB,03 (Eu, Dy) x=0 (b) SrO.Al:03.x B,03 (Eu, Dy) x=0.2 (¢) SrO.Al,03.x B,O3 (Eu,
Dy) x=0.4.
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Figure 5: SEM images (10 kX) of (a) SrO.Al>03.xB>03 (Eu, Dy) x=0 (b) SrO.Al,03.xB>03 (Eu, Dy) x=0.2 (¢) SrO.Al,03.xB,03
(Eu, Dy) x=0.4.

The other part of the prepared strontium aluminate solvent has been made fiber in the electrospinning process under different
conditions. These fibers produced in the optimum conditions (Distances: 6 cm, voltage: 20 kV, flow rate: 0.5 mL/hr) have been taken
SEM photos by covering carbon in the BAL-TEC SCD 005 modelled device and shown in the Fig. 6(a-c). Upon examining the SEM
images, morphology of nanofibers have been investigated. It is obvious that Eu, Dy and B additive cause shortening in the nanofiber
diameters. As well, more homogeneous and thinner fibers have been obtained upon the increase in boron additive.
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Figure 6: SEM images of Strontium aluminate nanofibers (10 kX) (a) SrO.Al>03.xB>03 (Eu, Dy) x=0 (b) SrO.Al,03.xB>0; (Eu,
Dy) x=0.2 (¢) SrO.Al,03.xB,03 (Eu, Dy) x=0.4.

The fiber morphology and distribution have been determined by FibraQuant 1.3 software and the SEM images (Fig 7). The
measured average thicknesses and other data of Strontium aluminate nanofibers are given in Table 1.

The average diameters of the fibers have been found out as below 1 pum. However; a comparison could not have been done as
there is not a study in this area in the literature.
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Table 1: Average diameter thickness, standard deviation, mean value, number of the measured nanofibers, and image analysis of

nanofibers.
Fiber diameter (nm) Image Area
Samples Measurements Analvzed (%
Average StdDev  Median nalyzed (%)
SrO.Al;03.xB203 604 315 546 535 100%
SrO.Al;03.xB,03 x=0.2 419 207 394 777 100%
SrO.Al;03.xB,03 x=0.4 285 162 248 855 100%

1,17
(prm)

0,64 0,95

(g}

0,496 0,69 082

(pm)

Figure 7: Fiber diameter histograms of Strontium aluminate nanofibers (a) SrO.Al1,03.xB,03 (Eu, Dy) x=0 (b) SrO.Al,03.xB,0;
(Eu, Dy) x=0.2 (c) SrO.Al,03.xB>03 (Eu, Dy) x=0.4.
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4. Conclusion

By experimental studies, SrALO4:Eu**, Dy*" and doped SrALOs:Eu?", Dy*"xB,03 (x=0, 0.2 and 0.4) powders and nanofiber
synthesized successfully. Moreover, SrAl,O4:Eu?*, Dy*" nanofibers synthesized successfully for the first time in literature.

Prepared solutions subjected to thermal characterization DTA/TG tests to find out weight losses as a result of endothermic and
exothermic reactions in structure related directly to temperature variation. Within these results, calcination temperature was decided to
be 1200 °C where any reaction does not occur and graph is constant. Afterwards powders and nanofibers subjected to heat treatment
at this temperature.

XRD results indicate that pristine and Eu-Dy doped SrAl,O4 examples have monoclinic structure where boron doped examples
crystal structure shifting orthorhombic SrsAl1402s phase. As it shown in SEM photos, powders are sub-micron, homogenous and close
to spherical. Boron doping caused an increased number of contact points and enhanced neck formation. Boron doping also has
significant effect on nanofiber morphology and increasing rate of boron, leads fibers to be a smaller diameter and much ordered.

After all, boron doping is considerably influencing thermal, mineralogical and morphological properties of StTALO4: Eu?* , Dy**
structure.
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