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CrossMark

ISMUTH borotellurite glass systems in the form of 65B,0,-12.5Te0,-12.5Bi,0, - (10-x)

Na,O - xNdCl,, x=0, 1, 2, 5, and 10 mole % were melted by traditional method and their
amorphous nature were examined by using XRD technique. Densities of the prepared glasses
were measured and molar volumes were calculated. The ultrasonic pulse-echo technique at 4
MHz nominal frequency was used to calculate ultrasonic velocities (both of Longitudinal and
Shear together). Many of known elastic moduli, such as, longitudinal (L), shear (G), Young (E)
and bulk (K) moduli were obtained by using the measured density and ultrasonic velocities. Also
Poisson’s ratio (o), the softening temperature (T,), Debye temperature (6,), and microhardness
(H) were calculated. The glass transition (T,) temperature, the crystallization temperature
(T, and the glass satbility parameters (K,) could be calculated from the Differential thermal
analysis (DTA) that has been carried out in the temperature range from 300 to about 1100 °K for
all prepared samples. It is noticed that the mechanical properties (elastic moduli and hardness)
of the prepared glass increase with increase of NdCl,%. Also, the softening temperature, the
glass transition temperature and stability increase with the increase of NdCl, % content.

Keywords: Borotellurite glasses; Ultrasonic velocities; Elastic moduli, Debye Temp.; Thermal

properties.

Introduction

Recently, researchers give more attention to the
structural changes and different properties of
borate glasses containing heavy metals ions as
these type of glasses can be used in a wide range
of applications. Also, these types of special glasses
can be used in optical and electronic engineering
as sensors for temperature [1]. A lot of studies on
borate glasses prove that these types of glasses
have a lot of effectiveness for uses as soldering
materials, welder for joints, coating and a lot of
different uses [2-4]. It is well known that borate
glasses containing alkaline earth oxides or alkali
oxides are in a good agreement in the structure
and that is completely proved by examining of
their FTIR spectra. Also the alkaline and alkali
borate glasses are mainly composed of two types
of groups which known as tetrahedral (BO,)

and triangular borate (BO,) units which always
vibrate in specific well known wave numbers
[5]. Neodymium (Nd*?*) ion is known as the most
studied lanthanide ions in different glass types,
such as silicate [6], borate [7, 8], phosphate [9],
tellurite [10], germinate [11] and fluoride glasses.
The properties of borate glasses mainly depend
on two factors one of them is the types of borate
groups present in the glass and the second is the
kind and concentration of additives. The addition
of rare ecarth ions to borate glasses (specially
Nd,0O,) leads to change in the structure of borate
glasses due to the change in the boron coordination
states. Thus, these remarkable changes lead to
noticeable changes in both chemical and physical
properties of glasses. For example, the addition
of neodymium ions (Nd** ), which have special
optical properties, to the borate glasses produce
specific glasses which can be used for laser
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diode. The borate glasses containing Nd,O, are
characterized by their extraordinary hardness
and very good chemical durability so they are
considered as candidate glasses used to prepare
glass refractories.

There has been increasing interest in
measurement of elastic properties of solid
materials by using ultrasonic techniques. They
have a very desirable feature of being a form of
nondestructive testing. The dynamic (ultrasonic)
methods of measuring the elastic properties of
solids have gained a wider interest over the other
static methods due to its experimental simplicity
and its versatility where few millimeters samples
may be used in these measurements [12- 14].
Previously, physical properties of different tellurite
glasses have been measured [15-18]. Also, the
mechanical properties of different Glasses were
studied by ultrasonic technique [19-21].

Recently, the studied glasses which contains
NdCl, have been prepared and their optical
parameters are estimated [22]. The studied
glasses belong to bismuth borotellurite glasses
which containing glass former (borate) with
two conditional glass formers (tellurite and
bismuthate).

The goal of the present work is to study how
the replacement of alkali oxide, 10 mol%Na,O, by
rare earth ion (NdCl,) on both the elastic modul,
hardness and thermal properties of glasses to
estimate new glasses characterized by higher
hardness. The composition of the base glass is
mainly composed of 65mol% B,O, with constant
and equal concentrations of TeO, and Bi,O,
(12.5 mol%) with 10 mol% of Na,O without
NdCl, and other glasses produce by replacement
of alkali oxide by rare earth chloride, where the
concentration of the NdCl, is equal 0, 1, 2, 5, and
10 mol % respectively.

Experimental

The glasses wunder study of nominal
composition 65B,0,-12.5Te0,-12.5Bi,0,-(10-x)
Na,O - xNdCl, were prepared using laboratory
analytical grade chemicals, Orthoboric acid
(H,BO,) for B,O, and Na CO, for Na,O supplied
from BDH Co., BaO was introduced in the
form of anhydrous heavy barium carbonate
(BaCO,) supplied Prolab Co., while Bi,O, was
added as such from (Sigma Aldrich Co.). The
conventional melting annealing technique was
used. Well-mixed batches were melted using
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Alumina crucibles in SiC furnace (Vecstar, UK)
at temperature of 1000°C for 60 minutes. Crucible
was swirled frequently at fixed time intervals to
obtain adequate homogeneity. Viscous molten
were then poured into preheated stainless steel
molds and moved to annealing muffle adjusted at
400 °C. Annealing muffle was then switched off
after and left to cool with a rate nearly equal 30 °C/
hour to room temperature.

The glasses densities are measured by using
Automatic Gas Pycnometers for true density,
Ultrapyc 1200e, and apparatus with helium gas.
Molar volume which calculated by using the next
equation (1):
v-2wo

p
where M is the glass molecular weight and p is

glass density.

The ultrasonic velocities were measured using
4MHz frequency longitudinal wave probe for
longitudinal velocity and 4MHz transverse wave probe
for shear velocity measurements at room temperature
(21 £2 °C) by applying the pulse echo technique
as explained before [19-21]. The uncertainty of
measurements of the ultrasonic velocities is
dependent on the samples preparation, to achieve
accurate measurement; the samples were grounded
and polished to obtain two parallel planes faces.
The calculated expanded uncertainty for the
longitudinal ultrasonic velocity measurement was
better than+10 m/s and 12 m/s for the shear wave
velocity measurements.

Fine powder samples were examined for
differential thermal analysis using SEATRAM
Instrumentation Regulation, Labsys TM TG-
DSC16 (Setaram, Caluire, France) in inert gas.
pweder holder with Al O, as a reference matereial
was heated along with powder holder with the
glass under analysis.

Results and Discussion

Measured values of density (p) and the
calculated values of molar volume (V) for all
prepared glass samples of composition 65B,0,-
12.5Te0,-12.5Bi,0,-(10-x) Na,0-xNdCl, where x
ranged from 0 to 10 mol% are presented in Table 1
and shown in Fig.1. From both table and figure we
can notice that there is an increase in the values
of the density from 3.95 to 4.17 gm /cm® with the
increase of NdCI, from 0 to 10%. whereas the
calculated values of the molar volume decrease
gradually from 30.48 to 28.09cm®.mol" with the
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increase of NdCl, from 0 to 10%

It is well known that the values of both (p) and
(V) for the glass network be influenced by many
factors for example glass composition, structural
units, number of coordination of glass former,
croos link and interstitail spaces diminsions

[23], As shown in Table 1 the density values are
increasing with the addition of NdCl, to the glass
system and this may be due to the fact that NdCI,
have higher molecular weight (=250.6 g/mol) in
compare to Na,O (=61.98 g/mol). Accordingly the
studied glasses become more compactness with

TABLE 1. Chemical composition, densities, and molar volumes for all glass sample Nd ion concentration (N),
distance between two nuclie (r), Polaron radius (rp) and field strength (F).

Molar N

Sample B§O3 TeO, Bi,0, Na,O NdCl, Density volume %41020 r x10°® r, F x10™

%o % % % % (g/em®) (cm?/ ions/ cm A0 cm?

mol) cm®
0 Nd 65 12.5 12.5 10 0 3.95 30.48 - - - -

1Nd 65 12.5 12.5 9 1 3.97 30.21 0.00 17.68 331 13.18
2Nd 65 12.5 12.5 8 2 4.01 30.06 0.36 3.02 0.57  451.01
5Nd 65 12.5 12.5 5 5 4.12 29.60 0.89 2.24 0.42  822.39
10 Nd 65 12.5 12.5 0 10 4.17 28.09 1.69 1.81 0.34  1260.67
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the addition of rare earth ions.

The concentration of Nd** (N ), distance be-
tween two nuclie (ri), Polaron radius (rp) and field
strength (F) the bond between Nd and Cl in the in-
vestigated glasses were calculated [24] and given
in Table 1.

Nd ions concentration = (mol% of NdCl,)
(N4)(p) 2

glass average molecular weight

distance between two nuclie (r; ) _ ( 1 ) 3 3)
N

l
Polaron radius (r)) = z (1) : %)
P 2 \6N
field strength (F) =z 5)
r
P

g. 1. Variation of density and Molar Volume with mole % of NdCl..

where N, is Avogadro’s number, p is the density
of glass and G is the mass of Nd ion.

As shown in Table 2, the addition of NdCI,
increases both the Nd ion concentration ( N )
and field strength (F) whereas both (r, ) distance
between two nuclie and polaron radius (r)
decrease. These results may be due to the addition
of NdCl, which leads the matrix to have a lot of
Nd ions and there is a decrease in the distance
between Nd and oxygen which creates stronger
field strength (F) around Nd ions [8]. The
decrease in distance between two nuclie (r; ) (T,
) and polaron radius (r) makes the glass network
more compacted which explain the decrease in
molar volume
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Fig. 2. Variation of longitudinal, V, , and shear, V , ultrasonic velocities with mole percentage of NdCl..

Figure 2 shows the variation of the values of
the measured longitudinal (V) and transverse
ultrasonic (V) velocities of all studied glass
samples at room temperature with change in
the concentration of NdCl, % from 0 to 10%.
The ultrasonic longitudinal velocity increases
from 4157 to 4496 m/sec and the ultrasonic
shear velocity increases from 2387 to 2578 m/
sec. The continuous and regular increase in both
longitudinal and transverse ultrasonic velocities
may be attributed to the fact that when the NdCl, %
increases, Nd ions enter the bismus borotellurite
network glasses and consequently increase the
density values, therefore the compactness and
connectivity increases, hence, the longotudinal
and shear ultrasonic waves transmit more easily
and faster inside the glass network structure.

Longitudinal elastic (L), shear elastic moduli
(G), bulk elastic moduli (K), Young’s elastic
moduli (E) and posission’s (o) are calculated
using the longitudinal ultrasonic velocity, the
shear ultrasonic velocity and the density as shown
in the next relations [20, 26].

L =PV ©)
G = pV?

- (7
K=1-(3)

(3)

E=(1+4+0)2G )

 (-20) (10)
9= (ZIELEE))
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Value of these moduli listed in Table 2 and
shown in Fig. 3. It is clear that as the NdCl,
increases from 0 to 10%, the longitudinal elastic
moduli L increases from 68.3 to 84.3 GPa, the
shear elastic moduli G increases from 22.5 to
27.7 GPa, bulk elastic moduli B from 38.3 to 47.4
GPa, Young’s elastic moduli E from 56.5 to 69.6
GPa The increase in all elastic modli with the
increase of NdCl1,% contents may be attributed to
the increase in the rigidity of the studied samples
[21].

Poission’s ratio is known as the ratio between
the lateral to longitudinal strain produced when
tensile forces are applied [25, 26]. It depends on
dimensionality and cross link density. In glasses,
the cross-links (cross link density) does not effect
on the values of tensile strain founded in the
network while the values of lateral strain is found
to be affected by the cross link density in inversely
way because these [27, 28] cross- links generate
strong covalent force to resist lateral contraction
and consequently decrease, Poission’s ratio if its
value increases and vice versa.

The cross link density ﬁc is calculated from the
relation

i, = %E(nc):- (N,); (11

1 :E(Nc)i (12)

where n_ is the number of cross-links per cation
(number of bridging bond per cation minus two)
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TABLE 2. The longitudinal ultrasonic velocity V , the shear ultrasonic velocity V, the longitudinal moduli L, the
shear moduli G, the bulk moduli B, Young’s moduli E and Posission’s p, the micro hardness H, the

deby’s Temperatur © , and the softening temperature Ts for all studied glassses.

Vv vV L G B E BO4 H (C) T

Sample L s n . D s

m/sec m/sec (GPa) (GPa) (GPa) (GPa) ratio (GPa) (K) (K)
0 Nd 4157 2387 68.3 22.5 383 56.5 0.25 0.47 3.69 34474  630.0
1Nd 4205 2402 70.2 22.9 39.7 57.7 0.26 0.38 370 346.27 6458
2 Nd 4328 2417 75.1 234 439 59.7 0.27 0.35 354 34877 661.8
5Nd 4413 2504 80.2 25.8 45.8 65.2 0.26 0.33 4.09  359.81 735.6
10 Nd 4496 2578 84.3 27.7 47.4 69.6 0.26 0.27 4.53 365.02  823.6
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Fig. 3. Variation of Elastic moduli with mole percentage of NdCl,.
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Fig. 4. Variation of microhardness with mole percentage of NdCl..
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in the oxide I, N_ is the number of cation per glass
formula and nis the total number of cations per
glass formula unit. In the system under study
the total number of cations per glass formula is
decreeing consequently the cross link density is
decreasing therefore the Poission’s ratio increases
from 0.25 with 0% NdCI3 to 0.27 with 2%
NdCI13 [25], the decrease of Poission’s ratio to
0.26 with higher concentrations of NdCI3 (5 %
and 10%) may be attributed to other predominant
factors such as the increase of tensile strain or
dimensionality [26].

Micro hardness (H) is calculated from Young’s
Modulus and Poission’s ratio Eq. (11) [29-31]. It
is known as the stress required eliminating the
free volume (deformation of the network) of the
glass. The calculated values of micro hardness for
investigated glass samples are listed in Table 2
and shown in Fig. 4.

Ho (1-20)E
6(1+0)

As shown in Table 2 and Fig 4, there is an
increase in the values of micro hardness which is
expected from the increase in the elastic moduli
and consequently an increase the softening
temperature as indicated in Table 2. Debye
temperature O, of B,0,-Te0,-Bi,0,-Na O,
glasses containing different concentrations
of NdCl, contents were determined using the
equations (14 and 15) [29-31].

3173 (n Na\ 73

6= () (3)vm (?:) (14)
where n equal the atom numbers present in the
glass chemical formula, h is the constant of Planck,
k, the Boltzmann’s constant, N, the Avogadro’s
number, V_is the molar volume calculated from
the molecular weight and density (i.e. M/p), and
V_ the mean ultrasonic velocity defined by the

(13)
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Fig. 5. Variation of Deby’s and softening temperature.

TABLE 3. Glass temperature T, crystallization
temperature T, and K, of (65B,0,-
125  TeO,-12.5Bi,0,~(10-x) Na,O-x
NdCL,), where (0 <x <10 mol %) glasses.

Sample N(i/(jl3 Tg T, AT K,
0Nd 0 420 598 152 9.409
1Nd 1 425 613 159 108
2 Nd 2 432 610 184 107
5Nd 5 453 596 121 9.94
10 Nd 10 460 600 120 7.826

Egypt.J.Chem. 62, No. 4 (2019)

equation (15)

12 3
=[5 +3)] )
where M is the effective molecular weight.

The calculated Debye temperatures are
listed in Table 2 and also shown in Fig 6. It is
clear in Fig. 6 that NdC1,% increases the debye
temperature increases from 344.74 to 365.02 K.
The increase of Deby’s temperature as the NdCl,
increase is interpreted on the base of change of
both the number of atoms in the glass chemical
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formula and the increase of mean ultrasonic
velocity. Softening temperature (T,) of glass refers
to the temperature at which the substance attains
a particular degree of softening under specified
conditions of test. it is related to the ultrasonic
velocity of shear waves (V) by the equation (16).

=

2
r, =4 10
where M is the effective molecular weight and
C a constant of proportionality and has the value
507.4 m.s. K2, n equal the atom numbers present
in the glass chemical formula. The calculated
softening temperatures are listed in Table 3 and
shown in Fig. 5. It is clear in this figure that, as
the NdCL,% increases from 0 to 10% the sotening
tempearture increases from 630 to 823.6 K. The
increase of softening temperatures as the NdC1,%
increase is attributed to the increase of the thermal

energy needed to overcome the increase in the
field strength (F) as shown in Table 1.

The DTA curves of all studied systems are
shown in Fig. 6, the interpreted glass transition
temperature T, and crystallization temperature T,
from these curves are listed in Table 3. As shown
in Fig. 6 and Table 3 the values of glass transition
temperature, T , of studied glasses increase with
the addition of Nd ions. The T, is ranged from
420 for base glass to 460 °C for glass containing
10 mole % of NdCI, which indicated that glass
becomes more stable with the addition of the
NdCl,. It is known that the glass transition, Tg,
is a kinetic process, and it mainly influenced by
heating rate of the DTA measurement. Generally,
T is occurring at higher temperature when a
higher heating rate is used [31-32]. Glasses with
high T, are closely packed compared to glasses
with low T, that are loosely packed structure[32],

ol —

o

6004C

_\/ o 596 4C =

46040

-

453 4C B104C

o —

Heat Flow (a.u.)

R ¥ 4

6134C

. .

4204C

0 100 200 300 400 500 600 700 800

Temperature (°C)

Fig. 6. DTA curves of the (65B,0,-12.5Te0,-12.5Bi,0, — (10-x) Na,O- x NdCl,), where (0 < x < 10 mol %).

with a modified number of NBO’s in the network.
The increase of Tg indicated that the glass samples
become more compact and NBO decrease. It is
well known that the glasses with higher T, are
more desirable due to overcoming the change
in the temperature (resist thermal damage). T,
for studied glasses is higher than many studied
previously glasses [32-36]. Stability of glasses
against crystallization can be measured as AT =
T.-T,. The AT values are listed in Table 3. Values

of AT were varied in the temperature range 120 to
184 °C, which mean that the melted glass samples
are highly stable. when the value of AT is > 100
°C that means the studied samples have good
thermal stability for optical fibers fabrication. The
variation of AT is may be due to the effect of Nd
ions in the structure of the studied glasses. Glass
stability parameters (Kg,) [36], was calculated
to evaluate the thermal stability of the studied

Egypt.J.Chem. 62, No. 4 (2019)
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glasses more appropriately by using the common
expression:

K= (T-T) (T -T)/T (17)
. ¢ Txre g g
Where T is the crystallization onset temperature.

Values of glass stability parameters changed
from 9.409 for base glass to 10.747 for glasses
containing 2 mole % NdCI, then decrease to 7.826
for 10 mole % of glass containing 10 mole %. All
obtained values indicate that, all studied glasses
have high stability against crystallization and also
depends on amount of doped NdCI3 according to
Table 3.

Conclusion

Bismuth borotellurite glass system mainly
composed of 65mol% B,0,,12.5mole % of TeO,,
12.5 mol% Bi,0,, (10-x) Na,O and xNdCl,where
x ranged from 0 to 10 mol% are prepared by
melting technique. With the addition of NdCI,,
density of the prepared glasses were found to
be increasing from 3.95-4.17 g/cm® meanwhile
the volume of one mole (V ) was found to be
decreased from 28.1 to 30.5 cm’/Mol.

Ultrasonic and thermal study show increase in
longitudinal velocity, shear velocity and elastic
moduli (longitudinal, shear, Bulk and Young).
Glass temperature Tg, were incresed from 420
to 460 °C and KSP were decreased from 9.4 to
7.8. all studied glasses have high stability against
crystallization and also depends on amount of
doped NdCl3 according to Table 3.
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