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Synthesis and characterisation studies of samarium and manganese doped ZnO-rich borophosphate material of
composition 0.5M — 71.8Zn0O — yP,O, — (27.7 — y)B,0, where: M = Sm,0; or MnO, y = 9.7, 13.85, 18 mol% were
presented. The compositions were prepared by a typical high-temperature ceramic syntheses where ZnO, NH,H,PO,,
H,BO, and Sm,O, (or MnO) of pre-determined ratios were powdered, mixed and placed in alumina crucibles. The
synthesis was performed at 950 °C for 3 hours in a muffle furnace. Samples were quenched out of the melt to room
temperatures and after that annealed at 250 °C for 2 hours.

Samarium and manganese doped ZnO-rich zinc borophosphate compositions were investigated by powder X-ray
diffraction, differential scanning calorimetry, temperature — modulated differential scanning calorimetry, Raman
spectra analysis and photoluminescence spectroscopy. The results obtained show that the samples are predominantly
amorphous, with the presence of crystalline structure in some of them. The main crystalline phases are zinc borate
phosphate Zn,(BO,)(PO,) and zinc borate 0-Zn,B,0,,. While samarium doped samples exhibit strong visible (orange
to red) immediate photoluminescence (scintillation) signal under UV light, manganese doped samples do not exhibit

visible scintillation signal.
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INTRODUCTION

Compositions based on ZnO and P,O; are both
scientifically and technologically important ma-
terials because of their interesting characteristics.
Having in view that the addition of rare earth and
transition metal ions to such materials usually in-
duces significant changes in their optical, electrical
and magnetic behaviour, opening thus opportunities
in the finding of new applications, careful structural
investigations of compositions containing rare earth
and transition metal ions become necessary [1-5].

In this work we present synthesis and characteri-
sation studies of samarium and manganese doped
ZnO-rich borophosphate material of composition
0.5M - 71.8Zn0O - yP,0; — (27.7 — y)B,0, where:
M = Sm,0O; or MnO, y = 9.7 mol%, 13.85 mol%,
18 mol%.
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Samarium and manganese doped ZnO-rich
borophosphate compositions were investigated by
powder X-ray diffraction, differential scanning ca-
lorimetry (DSC), temperature — modulated DSC
(TMDSC), Raman spectra analysis and photolumi-
nescence spectroscopy.

EXPERIMENTAL
Sample preparation

All samples were prepared by high-temperature
ceramic methods using ZnO, NH,H,PO,, H;BO, and
Sm,0, (or MnO) as starting materials. The reagents
were thoroughly mixed, placed in alumina crucibles
and heated at 950 °C for 3 hours in a muffle furnace.
The obtained homogeneous melts were then poured
onto a graphite plate and by manual pressing have
reached a suitable thickness (1-2 mm). Then the
samples were annealed at 250 °C for two hours.
Synthesized compositions are homogeneous, not
hygroscopic and transparent glass. They are eas-
ily reproducible. List of the samples is presented
in Table 1.
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Table 1. List of the non-doped and Sm or Mn doped zinc borophosphate samples

Composition

Sample, Ne
Zn0O, mol% B,0,, mol% P,0,, mol% Sm,0,, mol% MnO, mol%
1 72.31 9.69 18.00 - -
2 72.31 13.84 13.85 - -
3 72.31 18.00 9.69 - -
4 71.81 9.69 18.00 0.50 -
5 71.81 13.84 13.85 0.50 -
6 71.81 18.00 9.69 0.50 -
7 71.81 9.69 18.00 - 0.50
8 71.81 13.84 13.85 - 0.50
9 71.81 18.00 9.69 - 0.50

Density measurements

Density measurements were carried out accord-
ing to the Archimedes method using deionised wa-
ter of density 1 gm cm™ as an immersion liquid.

Powder X-ray diffraction analysis

Powder X-ray diffraction data were collected on
Bruker diffractometer operating with a Cu —Ka ra-
diation source (A = 1.5406 nm), in steps of 0.02° over
the range of 10-80° 20, with a time per step of 2.8 s.
The crystalline phases were identified using the pow-
der diffraction files PDF 19-1455 and PDF 86-2017
from database JCPDS — International Centre for
Diffraction Data PCPDFWIN v.2.2 (2001) [6-8].

Raman spectroscopy analysis

The Raman studies were conducted using the
1064 nm Nd:YAG laser line at a power of 700 mW
and a RAM II spectrometer (Bruker Optics) having
a resolution of 2 cm™'.

Differential Scanning Calorimetric and
Temperature Modulated DSC analysis

DSC and TMDSC measurements were performed
using TA Instruments DSC Q100 and DSC 2910
with attached Fast Air Cooling System (FACS) and

Refrigerating Cooling System (RCS). The samples
(2022 mg) were placed in aluminium hermetic
pans. A heating rate of 10 K/min was used.

Photoluminescence measurements

The photoluminescence spectra were measured
by optical CCD Avantes spectrometer Avaspec
2048, operating at 25 MW in the range 250-1100 nm
at room temperature. As a light source was used
450 nm wavelength laser diode.

RESULTS AND DISCUSSION

Density measurements

The data obtained from density measurements
of the samples are presented in Table 2. There are
some variations in the density as a function of the
B,O; content. Addition of B,O, in zinc phosphate
glasses causes an increase in oxygen-packing densi-
ty that may squeeze the structure of the sample. This
may be due to the replacement of an equal amount
of low bond strength glass former P,O, with B,O,,
which has high bond strength [9]. Moreover, the
doped agents (Sm,O, or MnO) act as a glass modi-
fier, which increases the fraction of non-bridging
oxygen atoms and leads to increased porosity and
reduced density of the glass.

Table 2. Density of the non-doped and Sm or Mn doped zinc borophosphate samples

Undoped samples

Samples doped with Sm

Samples doped with Mn

Sample, B,0,, Density Sample, B,0,, Density Sample, B,0,, Density
Ne mol% (p), gm cm? Ne mol% (p), gm cm Ne mol% (p), gm cm?
1 9.69 2.035 4 9.69 1.861 7 9.69 1.842
2 13.84 2.157 5 13.84 1.887 8 13.84 1.916
3 18.00 2.023 6 18.00 1.888 9 18.00 1.961
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Powder X-ray diffraction data

The results obtained show that the samples are
predominantly amorphous, with the presence of
crystalline structure in some of them (Fig. 1). The
main crystalline phases are zinc borate phosphate
Zn,(BO,)(PO,) and zinc borate 0-Zn;B,0,, (Fig. 2).
The appearance of borate and phosphate in the crys-
tallization products shows the important role of PO,
and BO, structural units in the structural network

of borophosphate glasses. It is possible to suggest
based on other authors’ studies that these borophos-
phate glasses contain B—-O—P linkages within their
structural network [2, 10].

Raman spectroscopy data

Raman spectra of the glass samples are presented
in Fig. 3. They contain a vibrational band at 968 cm™
ascribed to the vibrations of isolated PO, units in the
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Fig. 1. Powder X-ray diffraction patterns for synthesized samples
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Fig. 3. Raman spectra of the glass samples

structural network of borophosphate glasses at the
B,0, —rich side [2].

Differential Scanning Calorimetric and
Temperature Modulated DSC data

Figure 4 reveals typical examples of scanning
with DSC and TMDSC. Figure 5 presents the de-
pendence of the glass transition temperature ob-
tained by DSC and TMDSC versus the content of
B,0,. Increasing the content of B,0, is associated
with increased glass transition point, indicating a
higher stability of the glass.

Values of the glass transition temperature for
the same composition as measured by the heat flow
(DSC) and the specific heat (TMDSC) differ mini-

mally as shown in Fig. 5. The difference due to the
fact that these values characterize the different areas
of the same viscosity curve at Tg for the glassy ma-
terial according to previous studies [11].

Photoluminescence measurements

Representative emission spectra for synthesized
samples are illustrated in Figure 6. All of Sm-doped
samples display photoluminescence in contrast to un-
doped samples and those with manganese. Typical
photoluminescence of Sm** ions is observed with
three emission bands corresponding to transitions:

564 nm - ‘G, — °H;,

600 nm —*G,, — °H,,,

645 nm - ‘G, — °H,,
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Fig. 4. DSC and TMDSC data of the glass sample Ne 4
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Fig. 5. Dependence of the glass transition temperature obtained by DSC
and TMDSC versus the content of B,O,
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Fig. 6. Photoluminescence spectra of samples Nel, 4-6, 9 at excitation wavelength 450 nm

The band at 600 nm, which corresponds to or-
ange emission, is the most intense [12, 13].

CONCLUSIONS

Samarium and manganese doped ZnO-rich
borophosphate compositions were investigated by
powder X-ray diffraction, differential scanning ca-
lorimetry (DSC), temperature — modulated DSC,
Raman spectra analysis and photoluminescence
spectroscopy.

The results obtained show that the samples are
predominantly amorphous, with the presence of
crystalline structure in some of them. The main
crystallization phases are zinc borate phosphate
Zn,(BO,)(PO,) and zinc borate a-Zn,B,0,,.

When samarium doped samples exhibit strong
visible (orange to red) immediate photolumines-
cence (scintillation) signal under UV light, manga-
nese doped samples do not exhibit visible scintil-
lation signal in glass-ceramics materials we have
prepared (Mn doped materials need extra work to
reveal their potential).

Synthesized glassy and glass-ceramic mate-
rials are all transparent, stable, and strong to me-
chanical damage. In addition, these materials are
not hygroscopic what made them a good candi-
date for a number of sensing, optical security etc.
applications.
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N3CJIIEABAHE HA IIUHK-BOP-®OCDPATHUN KOMITIO3ULINH,
JIOTUPAHU CbC CAMAPUI U MAHT'AH

I'. K. Tarponos, U. I1. Kocrosa, JI. T. Tonues

Kameopa Xumuuna mexnonoeus, [lnosouscku Ynueepcumem ,, [laucuii Xunenoapcku “,
4000 I1nosous, bvieapus

Ioctremmna ¢espyapu, 2013 r.; npuera mait, 2013 r.

(Pesrome)

Hacrosmoro n3cneaBane nmpeicTaBsi CHHTE3 U XapakTepucTHka Ha 6orarn Ha ZnO 6opdacdarnu marepuany,
JOTHpaHu ¢b¢ Sm U Mn, c¢be cbeTaB 0.5M — 71.8Zn0O — yP,0, — (27.7-y)B,0;, xpaero M = Sm,0O, unu MnO,
y =9.7, 13.85, 18 mol%. Komno3uuuute ca nolydeHu upe3 BUCOKOTeMIepaTypeH cunres ot ZnO, NH,H,PO,,
H,BO, u Sm,0; (111 MnO) B onpeneneHo CbOTHOIIEHHE, KOUTO ¢a CTPUTH, CMECEHHU U IIOCTABEHU B KEpaMHUUCH
turen. CHHTE3bT € N3BbpIIeH npu Temrepartypa ot 950 °C 3a 3 yaca B my¢denna nent. [Ipodure ca oxmnaneHu 1o
cTaliHa TeMIlepaTypa U ciej Toa Temnepupanu npu 250 °C 3a 2 vaca.

Borature Ha ZnO 6opdachaTHn KOMITO3HUIINH, JOTHPAHU CC Sm 1 Mn, ca n3cieBaHu Ype3 PeHTIeHOCTPYKTYPEH
aHaM3, TUQepeHIaIHa CKaHupala KaJIopuMEeTpusi, TeMIIEpaTypHO — MOy JIMpaHa Ju(epeHIaIna CKaHupania Ka-
nopumerpus, Paman criekTpasieH aHaiu3 U (POTOIYMHHECIIEHTHA CIIEKTpocKomusl. [loydeHuTe pe3ynTaT moxkassar
MIPEUMYILECTBEHO aMOP(HUSI XapakTep Ha MpoOHTe, C HATMYKME Ha KPUCTAJIHA CTPYKTYpPa B HAKOM OT TsX. OCHOBHHTE
kpuctansu ¢asu ca Zn,(BO,)(PO,) u a-Zn.B,0,,. lokato noTupaHute cb¢ Sm NpoOu MoKa3BaT CUICH BUAUM (OpaH-
JKEB 10 YepBeH) (pOTOIyMUHECIIEHTEH (CIIMHTHIIAIMOHEH) CUTHAI 1T0]] YJITPABHOJIETOBA CBETIIMHA, JOTHpaHUTE ¢ Mn
poOu He MMoKa3BaT BUUM CIMHTWIAMOHEH CUTHAIL
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