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ABSTRACT. Magnesium-zinc-sulfophosphate glasses with varying concentration of Silver
nanoparticles (AgNPs) composition of 63.5P,0s—20MgO —15ZnS0,—1.5Eu,03 —zAgNps (z =
0.0,0.1,0.3,0.5,0.7,0.9and 1.1 g in excess) was prepared using melt-quenching technique. The
as-Quenched glass samples were characterised to ascertain the correlation between physical and
mechanical characteristics. The enhanced Young's, shear, and bulk modulus of glasses noted a
comparative rise in AgNPs contents. The Poisson's ratio improved from (0.0978 to 0.1416)
while Vickers hardness (from 0.0658 to 0. 0.0682 GPa) as well as GC;, (from 0.8350 to 0.8916)
were enhanced. Photoluminescence spectra (emission) of the glasses showed four peaks at 593,
613, 654, and 701 nm equivalent to 5Do—"Fo, *Do—"F2, °Do—'F3, and *Do—'F,4 transitions in
europium in which the intense peak was observed at 613 nm (red). High Quantum Efficiency
(m = 97.9%) was achieved due to significant PL enhancement. The studied glass may be useful
for the development of red laser

1.Introduction

In recent times, oxide glasses have received wide attention largely due to the superior mechanical
properties of these alloys, which include high elastic strain limit, high hardness, abrasion resistance,
and great strength [1]. The mechanical properties of glass are dependent on microstructure and phase
crystalline assembly [2]). The hardness of glass materials usually implied as resistance to abrasion
and scratching [3]. Glass properties vary significantly with chemical composition. Rare-earth doped
glasses performed substantial character in developing biocompatible appliances [4]. Microscopic cracks
or surface layer defects determine glass strength [5]. Exceptional properties of glass, such as high
resistance, high hardness, and low toughness fracture, have led to the manifold technological application
[6].

Phosphate has excellent features such as higher density and lower refractive index[7][8]. Europium
improves the absorption property of phosphors (around 400 nm), thereby improving the
photoluminescence feature[9] [10]. A suitable method of studying small volume materials' mechanical
features is via indentation hardness, where a fixed load on the diamond indenter is applied and measured
using a microscope. Vickers hardness is the most widely used among several geometry indenters in
hardness testing. The diamond pyramid hardness number HV is the ratio of applied load to contact
surface (area). A low load hardness test was conducted with the load levels ranging from 5 to 50 N with
a dwell period of 30 seconds [11].

Silver nanoparticles improve luminescence intensity and display attractive optical sensations of
nonlinear features [10]. Energy transfer between REI and NPs present a positive viewpoint for solid-
state lighting application [11]. The interaction of silver nanoparticles with the host matrix (at the metal-
dielectric interface) induces a high electric field in the rare earth ions vicinity [12]. Overcoming these
complications, glasses were sensitized with minute silver nanoparticles in other to alter the dielectric
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environment of the dopant [13]. Photoluminescence improvement occurs as a result of the confinement
of electromagnetic field initiating from the local field environment of AgNPs due to vigorous light
absorption by silver nanoparticles [14].

Considering the benefits, this study evaluates the mechanical traits of phosphate glass. The glasses
were synthesized by the melt-quenching technique and analyzed with several investigative instruments.

2.Experimental Procedures

Reagents from Sigma Aldrich were used as raw materials for the synthesis of glasses with molar
concentration 63.5P20s—20MgO —-15ZnS04-1.5Eu20s—yAgNps (y = 0.0, 0.1, 0.3, 0.5, 0.7, 0.9 and 1.1
g in excess). 15 g of batch composition was placed in crucible then placed in a furnace (1100 °C) for
90 minutes. Samples were analysed using RIGOL DS202 digital oscilloscope and Vickers indenter.

3.Physical Traits of the Studied Glasses

Densities increased (from 3.0720 to 4.3304 g/cm®) due to large molecular mass Eu,Os than that of
phosphate. The decrease in density might be attributed to the Eu®* ions taking part in the glass structure.
Figure 1 shows a decrease in molar volume ranged (from 43.5682 to 30.8883 cm®) with a proportionate
increase in AgNPs contents. The inverse trend of molar volume to density is due to a change in structure
with increased compactness and rigidity of the glasses [12]. Molar volume decrease shows an increase
in oxygen packing density and shrinkage of bond length [9].
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Figure. 1 Density and Molar Volume Against AgNPs Contents

3.1Mechanical Properties

Mechanical properties of glass are dependent on microstructure and phase crystalline assembly. The
hardness of glass materials usually implied as resistance to abrasion and scratching [3]. Glass
properties vary significantly with their chemical composition [4]. Microscopic cracks or surface layer
defects determine glass strength [5]. Exceptional quantum efficiency and the high branching ratio of
the glass system signify the high potential for red laser application [6].

A suitable method of studying mechanical properties of small-volume materials is via indentation
hardness, where a fixed load on the diamond indenter is applied and measured using a microscope.
Vickers hardness is the most widely used among several geometry indenters in hardness testing. The
diamond pyramid hardness number HV is the ratio of applied load to contact surface (area). Low load
hardness tests were conducted with load levels of 50 N with a dwell period of 30s [11]. The CIE color
chromaticity was evaluated. The embedment of Ag Nps to determine the lasing potency and
optical enhancement was performed. In general, Eu* doped glasses display several potential
applications in red phosphors, color display, LED, and solid-state laser due to its narrowband
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emission at 614nm (red emission) attributed to °Do—'F, transition. The period of pulse

reception display was evaluated longitudinal velocity (V;,) and shear velocity (Vs) [13].

This relation was used to obtain the ultrasonic velocity

_2d
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2
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Glass width is symbolized with d and At is the period gap.

The elastic modulus expressed using Cauchy relation,

L=pV.*

(L) categorised homogenous isotropic material.

G = pVs*
G represent shear resistance.

Bulk modulus (K) represents hydrostatic pressure incompressibility.

3
Young modulus describes stress and strain uniaxial proportionality.

Poisson ratio identifies the ratio of axial strain to radial strain (13).

K = 3L—-4G
E=2(1+ 6)G
_ L-2G

T 2(L-6)

Poisson’s ratio (O ) were analysed via equation (7).

Table 2 depicts ultrasonic values increasing with a proportionate increase in AgNPs contents
ascribed to the reduction in a non-bridging oxygen and glass connectivity network rise [14]. The rise
in elastic moduli through increase AgNPs contents reveals a shift in network bonds per unit volume
presence. GC,, the ratio describes the dimensionality of the glass system and field force character [15]
[16]. If GCy,= is said to be central when the value is 1 and non-central when its GC;,#1. The observed
range of values is from 0.8350 to 0.8916 (Table 2), implying central forces as a result of diminishing

bond fraction [11] [17].
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Figure. 2 GCy,ratio versus Poisson ratio against AgNPs Contents

The Poisson ratio from (0.1 to 0.2) indicate higher cross-link density but (0.3 to 0.5 ) reveal lower
cross-link density [11]. Poisson ratio is calculated from ultrasonic velocity in which they diminution
trend as AgNPs contents increases from (0.0978 to 0.1416) as displayed in ( Figure 2) [18]. Poisson
ratio depicts an obvious connection with cross-link density as portrayed by the amount of bridging

bonds per cation [19].

GCqoratio
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Figure 4. Elastic moduli variation with AgNPs contents

Hardness is expressed as the mean pressure material support under load [20]. This is determined by the
relation.
HV = a — ®)

2

Therefore, a is the indenters geometrical constant (0.1891) F is the applied load (N) and d: is indenters
diagonals. Fig. 5 shows a linear increase of hardness with increase AgNPs contents.
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Figure 5 Hardness against AgNPs content

Table 1 Vickers hardness of the synthesized glasses against AgNPs contents

Glass system Hardness D1 D2 HV(GPa)
+0.0020  40.0016  +0.018  40.004
EPMZAg0.1 360 140 141 0.0658
EPMZAg0.3 361 139 140 0.0663
EPMZAg0.5 363 139 138 0.0672
EPMZAg0.7 370 137 137 0.0677
EPMZAg0.9 373 137 137 0.0678
EPMZAglL.1 386 136 136 0.0682

Table 2. Experimental values of Elastic moduli in comparison with existing literature

Elastic moduli
Glass code vV, Vg L G K E g GCq, Ref.
(msY) (ms') GPa GPa GPa  GPa

EPMZAg0.1 5412 3497 8991 3754 3986 8572 0.1416 0.8350 Present work
EPMZAg0.3 5539 3596 101.85 4293 4461 9752 0.1357 0.8430 Present work
EPMZAgQ0.5 5603 3682 113.64 49.07 48.21 109.92 0.1200 0.8637  Present work
EPMZAg0.7 5758 3811 12731 5577 5295 123.83 0.1102 0.8761  Present work
EPMZAg0.9 5824 3878 136.35 60.45 55.74 133.21 0.1017 0.8868  Present work
EPMZAg1.1 5967 3984 154.17 68.72 62,53 150.89 0.0978 0.8916  Present work

TiB: - - - - - 55 0.18 - [1]

SiO; 6440 3923 106.30 39.44 53.70 95.06 - - [5]

NPC 4101 2500 4845 1569 27.53 39.6 0.261 0.92 [11]

BTDCe4 4476 2230 64.251 1594 43.040 42581 0.335 - [13]

8
NDF3 - - 104 - 61 82 [19]

SHA - - - - - 273 - - [20]
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Figure 6 illustrates the evaluated CIE chromaticity coordinates of the synthesized glasses
with values obtained within the NTSC accepted range for red Phosphor (x = 0.67, y = 0.33)
[21][22]. This assertion confirms the suitability of the glasses in red laser application [23].
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Figure 6. The CIE chromaticity diagram of the synthesized glasses

4. Conclusion

The first-time mechanical properties of silver nanoparticle sensitized phosphate glasses were evaluated.
The monitored rising trend of longitudinal velocities and shear velocities were ascribed to glass
compactness and network structure. The increase in nanoparticles contents attributes to the rise in
Poisson's ratio, elastic moduli, and density cross-link. This evidence signifies the rise of the rigidity of
the glass network matrix. It further reveals the high stability and appreciable mechanical trait in the
glass matrix. The achieved high quantum efficiency (n = 97.9%) of the synthesized Au0.30 sample
glass significantly enhanced photoluminescence intensity for the red peak. This enhancement can be an
excellent composition for red lasing.
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