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ABSTRACT

Ba,MgSi,0,:Dy°" (BMSD) white light emitting phosphor was sintered by combustion synthesis
route. The phase formation was confirmed with the help of XRD characterization. The results of the
XRD study obtained for this phosphor revealed its monoclinic crystal symmetry with a space group
C2/c. The XRD pattern well matched with the help of JCPDS Pdf file No. 23-0842. The average
crystallite size was calculated as 31.63nm and strain as 0.27. Functional group investigation with
the help of FTIR spectroscopy and Photoluminescence properties were also discussed. The
sintered Ba,MgSi,0-:Dy>" (BMSD) phosphor was stimulated at 383nm and their corresponding
emission spectra wereApeaked at blue (477 nm), yellow §574 nm) and red (677nm), three spectral
lines because of the Fg,2—>6H15,2, 4Fg,2—>6H13,2, 4F9,2—> Hii, transitions of trivalent dysprosium
[Dy3+] ions. In this paper, the XRD, FTIR and photoluminescence properties of this phosphor are
also investigated in detail.
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ABBREVIATION

WLEDs : White Light Emitting diodes

RE : Rare Earths

FTIR : Fourier Transform Infra-Red
Spectroscopy

XRD : X-Ray Diffraction

KBr : Potassium Bromide

LEPs : Light emitting phosphors

Ba,MgSi,0;:Dy*" 'BMSD
1. INTRODUCTION

The combustion synthesis technique is a facile,
fast, versatile, cheaper and efficient pathway for
rapid production of a broad range of oxides,
ceramics, catalysts and nano-sized phosphor
materials from a technology point of view [1-3].
As a commercial phosphor, BaMgAl;017: Eu®'is
prepared by this technique [4]. T. T. H. Tam et
al. synthesized divalent europium doped di
barium magnesium di silicate phosphor with the
help of the Combustion method [5]. Rare-earth
doped silicate  materials  possess high
luminescence efficiency [6]. Dysprosium (Dy™")
rare-earth ion plays a prominent role in
generating various types of LEPs [7]. For the
preparation of WLED phosphors, the combustion
technique is used as it confers control over the
morphology and particle size of the prepared
phosphors [8]. M. Shimizu et al. reported that the
pure di barium magnesium di silicate
[Ba;MgSi,O;] has a tetragonal crystal structure
through single-crystal X-ray investigation [9].
Ba,MgSi,0;: Ce*, Tb® phosphor was
synthesized using a one-step solid-state reaction
method. The XRD results revealed that the
prepared phosphors have a monoclinic crystal
structure, and the crystallite size increases with
the incorporation of dopants ions [10]. In this
experiment, the host phosphor demonstrates a
monoclinic crystal structure with the space group
C2/c (No. 15) [11]. Among the phosphor
discovered so far, the optimum afterglow
material is [SrAlL,O,: Eu®, Dy*"], which is also
used as a commercial phosphor. This phosphor
may exhibit afterglow for more than 20 hours
[12-13]. In silicate  phosphors, trivalent
dysprosium [Dy*] can work as both
luminescence centre and trap [14, 15]. For the
human eye, the divalent europium [Eu2+] doped
di barium magnesium di silicate is ideal, making
it highly appropriate for practical applications [16,
17]. Ba,MgSi,O,;, monoclinic crystal structure
consists of two-dimensional SiO, and MgO,
tetrahedral layers, which are connected through
common corners. Divalent barium [Ba®'] ions are

situated between the layers and coordinated by
eight oxygen ions [18]. W.B. Dai, Ph.D (2020) et
al., reported that the green emission of
BaMgSiO4:Eu (BMSO:Eu) phosphor can have
numerous potential applications, such as in
white light-emitting diodes (WLEDSs), bio-imaging
and light photo-chromism as well as long-
persisting phosphors [19]. Mellite is a large
group of compounds characterised through the
general structure formula M,T*T?,0;, [where M=
Barium (Ba), Strontium (Sr), Calcium (Ca); T'=
Magnesium (Mg), Zinc (Zn), Copper (Cu),
Manganese (Mn), Cobalt (Co); T? = Germanium
(Ge), Silicon (Si)], and has been significantly
studied thanks to its impressive stability and
structure. Alkaline earth metals such as calcium,
strontium and barium rare-earth-doped silicates
develop as luminescence phosphors
continuously over a longtime, also known as
long persistent luminescence phosphors (LPL),
which are being studied extensively [20].

In the current analysis, we have successfully
synthesized  Ba,MgSi,0-:Dy**  (3mol %)
phosphor by the simple combustion method
exclusively. No other combustion method has
been used. The structural and optical properties
such as XRD, FTIR and Photoluminescence
(PL) spectra for the phosphor are also
discussed.

2. EXPERIMENTAL DETAILS
2.1 Sample Preparation

We have used combustion synthesis process in
our experiment for the preparation of Ba,.
MgSi,O: Dy, ** (3mol %) (BMSD) phosphor.
With (99.99%) purity, Ba (NOg3), (Analytical
Reagent), Mg (NOs), (Analytical Reagent),
SiO,*H,O (Analytical Reagent), and rare earth
nitrate Dy (NO3); (Analytical Reagent) were
utilized as starting raw reagents, while urea
(NH,CONH,) was used as a combustion fuel and
H3BO; (boric acid) was also used as a flux. In
our experiment, it was essential that all raw
chemicals with appropriate molar ratio were
dissolved in a very little amount of acetone
(CH3;COCH3) to get a clear solution. Each
nitrates, flux and fuel was mixed into agate
mortar and pestle (diameter-5”) in clockwise
direction (we can mix it in any direction but the
choosen direction should be maintained
throughout the mixing) for 5 min to convert into a
thick paste before being transferred to a silica
crucible. Then the mixture was subsequently
heated in already maintained muffle furnace at
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650°C. The entire combustion synthesis process
got completed in approximately 5 min. After a
few minutes, the mixture solution undergoes
thermal dehydration with release of gaseous
products, to form silicates and ignites to produce
a self-propagating flame (Fig 1). After next few
seconds post its completion, the crucible is taken
out of furnace and kept in open for it to be
cooled. After cooling, we obtain fluffy form of
phosphor, which is then grinded with the help of
agate mortar pestle (diameter-5”) to obtain
material in the powder form. The final product
obtained was post-annealed at 1000°C for 1
hour under an air atmosphere. With the help of
additional crushing to get fine powder. The
resulting specimen was then kept back in airtight
bottle for characterization examinations.

The chemical reaction of this entire process as
follows:

Ba (NO3), + Mg (NO3), + SiO,*H,0 + NH,CONH,
+ Dy (NO3); — Ba,MgSi,O7: Dy*" + H,0 (1) +
CO,(1) + Na(1) (1)

For the combustion process of oxides, metal
nitrates were applied as oxidizer and urea is
applied as reducer [20]. Thus, the heat of
combustion is maximum for Oxidizer/Fuel ratio is
equal to 1 [21].

2.2 Sample Characterization

The phase composition of the synthesized
phosphor was noted with the help of Bruker D8
advance X-ray diffractometer with Cu-K,
radiation having wavelength (A = 1.5406, 40 kV,

and 40 mA), respectively. Actual formation of
this phosphor was obtained through FTIR. An
FTIR spectrum was recorded in the range
between (4000-400cm™) with the help of Bruker
Alpha Fourier transform infra-red spectroscopy
through mixing the sample with analytical
reagent potassium bromide (KBr) with pallet
preparation. In photoluminescence spectra (PL),
emission spectra were recorded by a spectro-
fluorophotometer (SHIMADZU, RF-5301 PC)
using a xenon lamp of power 150 watt as
excitation source. All experiments were
performed in identical conditions and the data
was collected at room temperature. All required
instructions were clearly followed.

3. RESULTS AND DISCUSSION
3.1 X-ray Diffraction (XRD)

XRD patterns were recorded in the range
between (10%26\80%) of Ba,MgSi,0;:Dy*"
phosphor and synthesized by combustion route.
Fig. 2 displays the XRD pattern of BMSD
phosphor. All the displayed peaks matched with
standard JCPDS PDF file No. 23-0842 [22]. The
cell volume the following lattice parameters were
also examined [11]. All parameters have shown
in Table 1. It is generally agreed through
investigations that the influence of doping
doesn’'t affect the phase structure of the
phosphors. We have suggested that the trivalent
dysprosium [Dy3+] ion as requisite to capture the
di valent barium [Ba2+] ion sites in the di
barium magnesium di silicate [Ba,MgSi,O]
host.

Fig. 1. Ba,MgSi,O;: Dy** Phosphor
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Atul D. Sontakke (2020) et al., reported that the
crystal structure is composed of discrete
[Si207]6' units which are connected by
tetrahedrally coordinated magnesium [Mg] ions,
forming two-dimensional sheets in the ac plane
and are separated through layers of octahedrally
coordinated Barium [Ba] ions. The radial
distribution plot reveals the distance and number
of available sites of tetrahedrally coordinated
Mg ions around the octahedrally coordinated
Ba’" ions in the monoclinic lattice of Ba,MgSi,O;
phosphor [23].

3.1.1 Debye-Scherrer formula

The calculation of average crystallite size (D),
with the help of Debye—Scherrer formula, for
prominent peak (022) of the BMSD phosphor as
shown in Table 1.

Debye-Scherrer formula is represented as
follows:
D= KA/BCosB (2)

Where K = 0.94 (Scherrer constant), A is the
wavelength of occurrence X-ray (for Cu Ka, A =
1.5406 A), B is the FWHM (Full width half
maximum) of the peaks and 6 (theta) is
represented as the corresponding Braggs
diffraction angle [24].

3.1.2 Strain  determination by Uniform
Deformation Model (UDM)

The strain induced broadening in the powder

sample was calculated by the following
mathematical relation:
€ = B/4tan6. 3)
3.2 Fourier Transform Infra-Red
Spectroscopy

FTIR Spectra

FTIR is a non involving damage, facile and
molecular-spectroscopic technical system used
for collecting the IR [infra-red] absorption
spectrum of the phosphor [25]. The FTIR
spectrum of this pure BMS sample has been
shown in Fig: 3a and was recorded in the range
of (4000 cm™ to 400 cm"l). The band centered at
483.82 cm™, 564.19 cm™, 617.23 cm™, 676.35
cm™, 837.63 cm™, 923.36 cm™ and 1026.23 cm’
'and can be attributed to the presence of silicate
[SiO4] functional group. In addition, considering

the absorption bands, validated at 676.35 cm™
and 564.19 cm™, respectively, because of the
presence of [SiO4] functional group. Thus on
examination, we observe that the absorption
bands of silicate [SiO,] functional groups were
clearly evident in the (IR) infra-red spectrum.
The sharp band centered at 837.63, 923.36 cm™
and 1026.23cm™can be attributed to the
asymmetric strech of Si-O-Si.

The bands allocated at 676.35 cm™ and 617.23
cm™ may be responsible due to the [Si-O]
symmetric  stretching and [Ba-O] bending
vibrations. The bands bending revealed at
564.19 cm™ and 483.82 cm™, because of the
existence of [Si-O-Si] vibrational mode. The
Peak centered at 837.63 cm™ may be
responsible to [Mg-O] bending vibrations and
due to the asymmetric stretching on its spectrum
dominates, band allocated at 1656.35 cm™. The
bands centered at 1829.52 cm™, 1893.86 cm™
and 1968.33 cm™ is responsible for the
carbonation reaction mechanism. This can be
lead to distortion in the lattice resulting in
1429.49 cm™ and 1656.35 cm™ vibration modes
represented to vibration in divalent barium ion
[Ba’"] and divalent magnesium ion [Mg”']
respectively. At 3427.61 cm™, peak centered due
to [O-H] hydroxyl group stretching which reveals
the presence of moisture in this specimen [26-
32].

3.3 Photoluminescence Spectra

The optical Properties including excitation and
emission spectra of BazMgSi207:Dy3+ phosphor
have displayed in Fig. 3(b) and 3(c) respectively.
Trivalent Dy3+ ions which displays spectral lines
in the 2450 to 500nm) blue region because of
(*Fo»—"Hs) transition and in the 550 to 600nm
yellow region because of the (*Fgp,—°Hisp) as
well as in the (650 to 700nm) red region
(*Fe—°Hi1p) transition, have attracted much
attention, due to the great indication for white
light emission in the Vvisible region of
electromagnetic spectrum. For the Dy’" single
doped Ba,MgSi,O; phosphor, the excitation
spectra for the emission at 576nm comprise a
series of spectral line in the 300 to 480nm region
with the strongest line at 383nm and some other
spectral lines at 335nm, 352nm, which are
responsible to the transitions from the low
energy state to high energy states in the 4f°
configuration of Dy*" ions. We observed that
these are not clearly allocated because of the
dense and overlapping levels of 4f configurations
of Dy3+ ions in the high energy region [33].
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Ba,MgSi,0;:Dy** Phosphor
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Fig. 2. XRD pattern of BazMgSi207:Dy3+ phosphor.

Table 1. For the highest peak (022), the calculated parameters are shown in below table

No. Parameters Ba,MgSi,O7:Dy”*"
1. Crystal Structure Monoclinic
2 Space Group C2Ic
3. Lattice Parameters a=8.4128 A, B=110.71°
b=10.7101A,
c=8.4387 A,
4. Crystallite Size D(hm) 31.63nm
5. 2e[Deqg] 27.49
6. Cell Volume 711 (A)®
7. Crystal Plane Spacing d (A) 3.24268 (A)
8. Strain 0.27
FTIR SPECTRA
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Fig. 3(a). FTIR Spectra of BMSD Phosphor
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Fig. 3(b). Excitation Spectra of BMSD phosphor
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Fig. 3(c). Emission spectra of BMSD phosphor

3.4 Electron or Hole Trap Mechanism

Alkaline earth ion vacancy is considered to be
the hole trap, while trivalent Dy3+ ion occupying
alkaline earth such as (Ca, Ba, Sr) ion sites is a
very probable source of electron trap. In our
experimental study, after the irradiation with the
UV light, most of the stimulation energy
associated with the excited charge carriers such
as electrons or holes will be transferred through
the host (BMS) directly to the luminescence
centers. However, part of the stimulation energy
will be stored when some of the excited charge
carriers drop into the traps, instead to the ground
state [33].

The BMSD phosphor exhibited that the higher
relative PL emission intensity peaks situated at
blue (477 nm) *Fgp—°Hisp, vellow (576 nm)
*Foro— ®Hizp, and red (677nm) *Fo—°Hyy, due to
electronic transition respectively. The yellow
band emission (*Fg,—°His,) connected to the
forced electric-dipole transition type is permitted
only at low symmetry. Synchronously, its
intensity is strongly affected by the crystal-field
surrounding. The blue band emission
(4F9,2—>6H15,2) is acquired because of the
magnetic dipole transition at 477nm wavelength
and the red band emission (4F9,2—>6H11,2) also
acquired at 677nm wavelength in emission
spectrum corresponds to the dysprosium [Dy3+]
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ion [34-37]. The optimum intensity is obtained
with - 3 mol % doping concentration of
dysprosium [Dy**] ion.

4. CONCLUSION

In summary, BazMgSi207:Dy3+ phosphor was
successfully prepared via combustion route and
shows greenish-yellow emission. The XRD
spectra of the phosphor were well matched with
JCPDS file 23-0842. The synthesized phosphor
was obtained in nano range with much better
homogeneity. Actual formation and the functional
group identification of the BMSD phosphor were
collected via FTIR spectroscopy. The BMSD
phosphor exhibited that the higher relative PL
emission intensity peaks at blue (477 nm)
4F9/2—>6H15/2, ye”OW (576 nm) 4F9/2—> H13/2 and
red (677nm) “Fop—°Hiy, due to electronic
transition.  These results indicate that
synthesized phosphor may be better promising
candidate phosphor in the field of solid-state
lighting and white light long afterglow
applications as well as plasma display panel and
Image Processing.
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