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Elaboration and characterization of new phosphate glasses based
on natural phosphate and red clay: influence of the chemical
composition on the chemical durability
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Abstract: New phosphate glass formulations based on Moroccan natural phosphate minerals alone or with
Moroccan red clay additive (containing the P20s-SiO2-Ca0O-Al,03-MgO-Fe;03-K20-Na,O-TiO, complex) have
been successfully prepared by the quenching method. The chemical composition of each of the elaborated
phosphate glasses was determined by X-ray fluorescence analysis (XRF). These investigated phosphate glasses
have an excellent homogeneity as was verified by SEM. Their amorphous behavior was confirmed by XRD and
DSC. The increase in density and glass transition temperature due to the addition of clay is believed to be related
to the crosslinking of the phosphate chains. Structural investigation of these phosphate glasses was carried out
using FTIR and Raman spectroscopies. The results obtained show that the composition of these glasses contains
a mixture of ultraphosphate and polyphosphate structural units. The concentrations of this mixture depending on
the initial composition of the glass components. A correlation between the chemical composition and the
chemical durability of the investigated glasses was studied. The results showed that the dissolution rate of the
glasses decreases by increasing the clay composition up to a point. This can be explained by assuming the
formation of oxygen bridges and strong bonds within the various glasses.
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1. Introduction the network condensation and making the
composition easily hydrolysable %%, It is this major
disadvantage of phosphate glasses, their poor
chemical durability against corrosion agents, that has
dramatically limited their development %12 In
order to solve this problem, it has been shown by
others that the introduction of multivalent cations
allows the formation of more covalent bonds and the
reinforcement  of glassy networks against
hydrolysable attack through the formation of ionic
crosslinking P-O-M bonds 281017,

Phosphate glasses (PGs) currently compete with
silica glasses because are characterized by their high
UV transparency, low IR transparency, and high
thermal expansion, as well as their electrical and
optical characteristics. Owing to these properties,
phosphate glasses offer a unique range of
applications, such as glass-polymer composite
materials *, slow-release fertilization 2, nuclear waste
immobilization matrices 3, conductive materials *
amorphous semiconductors °, optical waveguides °,
and solid-state laser 7. In recent years, complex phosphate glasses have
attracted increasing interest. For example, Brauer

Phosphate glasses are mainly composed of and al. '* studied a quaternary phosphate glass

tetrahedral units POs*. The double bond (P=0) in
these tetrahedra causes polarization of the other
P-O bonds and increases the ionicity of the P-O-M
bonds (with M = Fe, Zn, Al, B, Pb, Si, N...). This
limits the rate of glass crosslinking by minimizing
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system P205-CaO-Na,0O-MgO-TiO, which reported
that the addition of titanium oxide produced glasses
that were more stable to dissolution. Khan et al. *3
have reported a quaternary phosphate glasses in the
glassy system P,0s5-CaO-Na,0O-MgO-Fe;O3; and
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found that the addition of Fe,O3 makes the phosphate
glasses of this system more durable which can be
explained by the formation of Fe-O-P bonds which
replaces that of P-O-P. Waclawska et al. 2 studied the
influence of the addition of ZnO on the structure of
multicomponent glasses system SiO2-P205-K;0-
Ca0-MgO-ZnO acting as a slow-release fertilizer,
and found that the introduction of up to 15 mol% of
ZnO substituting CaO and MgO into the structure of
the studied glasses causes the depolymerisation of
the silicate phosphate network. In addition, other
works show that the rate of degradation decreases
with increasing content of some elements such as Al,
Mg, N, B, and Zr 39121718,

In this context, the objective of this work was on the
one hand to develop new formulations of phosphate
glasses based on inexpensive raw minerals, from
which we used Moroccan natural phosphate and
Moroccan red clay. On the other hand, we wished to
increase the chemical durability of phosphate
glasses, which strongly depends on their
compositions,  structures,  etching  solution,
temperature and pH of the solution *'4%7. The
phosphate glasses synthesized contain all the
macroelements (P, Ca, Mg, and K) and
microelements (Si, Al, Fe, Na, and Ti) would then be
used to develop phosphate glass fibers acting as a
slow-release fertilizer, with high chemical durability
and high mechanical resistance.

Table 1. Photographs of the elaborate phosphate glasses.
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2. Experimental

2.1. Raw materials

Natural raw materials used in this study were:
Moroccan natural phosphate (NP) extracted from one
of the mines of the Ouled Abdoun basins in
Khouribga region, and Moroccan red clay (RC):
extracted from Berrechid region, which belongs to
the western Moroccan Meseta (red triassic clays).
The mineralogy of the raw materials was determined
by XRF, XRD, and FTIR.

2.2. Glass preparation

A series of multicomponent phosphate glasses (PGs)
systems were prepared by mixing the natural
phosphate (NP) and the red clay (RC) in crude forms
separately (RC-x: x=0, 2, 5, 10, or 15 (in weight
percentage of RC (wt%)). A reference glass without
the addition of clay was also prepared (NP-glass or
RC-0). These five glasses were prepared using the
melt-quenching method. The mixture corresponding
to the desired compositions was firstly heated at
600°C for 2h. Then the temperature was
progressively raised from 600°C to 1100°C,
depending on the glass composition and held
constant for 1h in an electrically heated furnace. The
molten liquid was quenched to room temperature
under the air atmosphere in order to produce a
vitreous network. Table 1 shows the photographs of
the elaborate phosphate glasses.

Glass code NP-glass RC-2

RC-5 RC-10 RC-15

—

Glass sample

S

2.3. X-Ray Fluorescence analysis

Chemical analysis of the raw materials and the
annealed phosphate glasses (PGs) samples was
carried out by X-Ray Fluorescence spectrometer
(XRF).

2.4. SEM analysis

The SEM micrographs of the PGs were recorded
using a ZEISS Supra 55VP scanning electron
microscope operating under high vacuum at 3 kV
and using a secondary electron detector (Everhart—
Thornley detector). A sample of phosphate glass was
dried and then deposited on the surface of an
adhesive carbon film, and a 20 nm gold coating was
sputtered on the surface to make them conductive.

2.5. X-ray diffraction analysis
The amorphous behaviour of the elaborated PGs was
confirmed by the XRD analysis using a Siemens

D501 diffractometer, equipped with a copper
anticathode tube and a secondary monochromatic
(Cu-Ka radiation Acy = 1.5406 A).

2.6. Thermal analysis

The glass transition temperatures (Tg) were
determined by DSC on 20 to 30 mg of beautiful
powder samples of phosphate glass using the
TGA/DSC 1 (Mettler Toledo) with 10°C min?
constant heating rate (accuracy + 2°C) under argon
flow. The apparatus cools under nitrogen.

2.7. Density and molar volume measurement

The densities of the PGs were measured at room
temperature via Archimedes method according to BS
10119 *°, in which ethanol (from Sigma-Aldrich)
was used as the working fluid using Eq. (1). The
error of the density measurements was within
+ 0.03 g.cm®. The molar volume was calculated
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from the density of glass and the molar weight
(V =M/py).

Pg = (ma / (ma'mw)) X Pe (1)

Where pg is the density of glass sample, pe is the
density of ethanol, ma is the mass of dry glass
weighed in air, and mw is the mass of glass immersed
in ethanol.

2.8. FTIR spectroscopy

The FTIR absorption spectra of PGs were made
using a Thermo Electron (Nicolet 5700-FTIR model)
spectrometer equipped with diamond  micro-
ATR accessory and recorded in the range of
400-4000 cm'™.,

2.9. Raman spectroscopy

The Raman spectra of PGs were recorded at room
temperature in the 200-3300 cm™ range using a
Thermo Fisher XRD 2 RAMAN spectrometer
equipped with an internal He—Ne laser source
(8 mW) under an excitation A = 633 nm and a CCD
detector (Thermo, USA).

2.10. Chemical durability

Each solid glass sample was first annealed at (Tg-20)
°C for 8h to eliminate residual stresses, then cut and
dry polished using standard SiC abrasive paper to a
circular shape to avoid preferential corrosion. Then
each piece of glass was washed with acetone and
dried at 102°C for 30 minutes. The sample thus
prepared was weighed and then placed in a flask
containing the already prepared alternative solution
(pH = 5; 7; and 8), then heated to a temperature of
30 + 3°C under agitation for 6 days. The pH of each
alternative solution was adjusted by a buffer solution
whose composition is presented in Table 2. After
filtration, each glass sample was rinsed with acetone

Table 3. Chemical analysis (wt%) of the raw materials.

Oxides P20s CaO SiO;, AlOs3
Raw NP 3497 5888 367 044
material,
(Wt%) RC 0.16 3.74 6050 17.71

The X-ray pattern obtained for the NP (Fig. 1a)
shows the presence of the following phases:
fluorapatite Cas(PO4)sF as the primary phase,
calcium carbonates CaCOs (calcite) and quartz SiOs.
The latter two are exogangue in nature, and the
interference of these phases with fluorapatite is due
to their endogangue nature. Jointly, they constitute
the francolite. In addition, it should be noted that
there are small peaks of minority phases and that
there may also be amorphous phases.

The bands observed in the infrared spectrum of the
NP (Fig. 1b) can be divided into different domains:
those between 950 cm™* and 1110 cm™ are attributed
to the symmetrical and asymmetrical elongation
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and dried at 102°C for 30 minutes. The final mass
and dimensions of the glass piece were then
measured.

Table 2. Composition of the buffer solution %°,

pH+0.1 Composition
5 Acetic acid + sodium acetate
7 Acetic acid + concentrated ammonia
8 Acetic acid + concentrated ammonia

The chemical durability of investigated phosphate
glasses was evaluated in terms of dissolution rate
(Dr) as weight loss per unit surface area per unit
time (g.cm2.min’?) according to Eq. (2):

Dr=Am/ (S xt) 2)

Where Am is the mass loss (g), S is the surface area
(cm?) of the glass, and t is the time (min) of
immersion of the glass in the solution. The estimated
error was calculated to be +2 g.cm2.min?.,

3. Results and Discussion

3.1. Raw material characterization

The combination of the results of different analysis
methods: XRF, XRD and FTIR allowed us to
determine the chemical and mineralogical
compositions of the minerals used in this study.
Table 3 presents the standardized results of the XRF
analysis of the raw materials (%wt). The results of
the chemical analysis show that the NP contains
significant percentages of CaO, P,Os, whereas the
RC analysis showed a dominance of silica and
relatively high concentrations of Al,Os, as well as a
higher percentage of Fe.03, K,0, and MgO.

Fe20z MgO K20 NaO TiO2 MnO ZnO
026 070 008 092 003 0.01 0.03
736 399 510 055 076 0.11 --

vibrations of the PO, groups; those between 460 cm*
and 602 cm? are attributed to the symmetrical
deformation vibrations of the PO, groups; valence
vibrations of calcite CaCOg3 groups are observed at
1426 cm? and 1454 cm?; the adsorption bands
centred at 1812 cm™, 1637 cm™, 795 cm, and 648
cm?® are attributed to traces of the carbonyl
compounds; in addition, the stretching vibration
bands between 780 cm™ and 800 cm™* are assigned to
the vibration of the silicate groups. The infrared
spectrum of the Khouribga NP shows no
characteristic absorption band of OH" hydroxyl ions
at 3560 cm? and 630 cm?, confirming that this
phosphate is a carbonate fluorapatite (francolite)
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Figure 1. (a) X-ray diffractogram and (b) Infrared spectrum of natural phosphate from Khouribga.

The X-ray pattern of the red clay (Fig. 2a) shows a
predominance of quartz (SiO;) and kaolinite
(AlSi20s5(0H)a,), as well as illite
(Ko,7sNag,01Mgo,15F€0,04Al2 50Si3.27010(OH)2) and
muscovite KAI(Al Siz010)(OH), which have very
similar peaks. This does not allow easy distinction
between the two phases ?%. The results showed also
the presence of chlorite (Mg, Fe,
Al)s[AlSiz010](OH)s and hematite Fe,O3, as well as
calcite CaCOsz; and dolomite MgCa(COs), as an
impurities source. These results show that this
natural clay is rich in clay minerals and poor in
carbonates. Nonetheless, it was found within perfect
agreement with the results of XRF, which shows

high proportions of SiO; and Al,Os and an expected
presence of iron, potassium, magnesium, and
calcium content. In addition, the SiO»/Al,03=3.4
ratio is a characteristic index of free quartz %.

The infrared spectrum of the RC obtained is
illustrated in Fig. 2b. The frequencies and their
allocations are given in Table 4. Infrared
spectroscopy was used to complete the analysis of
the clay sample. The results are in agreement with
those found from XRD. They confirm the presence
of quartz and kaolinite as major phases and
carbonate as a minor phase in the red clay studied.
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Figure 2. (a) X-ray diffractogram and (b) Infrared spectrum of the red clay from Berrechid.
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Table 4. Frequencies (cm™) and allocations of infrared bands characteristic of the red clay from the Berrechid

region.
Wavenumber Attributions
(cm™)
3585 Between 3700 cm™ and 3620 cm™: vibrations of the structural hydroxyl groups AIAI-OH
characteristic of kaolinite
3477 Wideband around 3477 cm™ indicating the presence of a hydroxyl group (O-H stretching
vibrations)
1796 Between 1770 cm™ and 1800cm: Elongation vibration C=0
1634 Deformation vibration of free H,O
1383 Between 1500 cm™ and 1400 cm: Symmetrical deformation vibration of the CHs groups
around 1383 cm’?
1058 Elongation vibration of the Si-O bond of kaolinite or quartz
870 and 722 Characteristic bands of C-O carbonates
778 Quartz
628 Vibrations characteristic of Si-O or Si-OH (deformation) and/or Al-O (elongation)
556 Deformation vibration of the Si-O-Al bond
474 Between 550 cm™ and 400 cm™: deformation vibration of the Si-O-Mg bond that partially

overlaps with the Si-O bending absorption, resulting in a single strong band located near 474

PR |

3.2. Glass Characterization

3.2.1. X-ray fluorescence analysis

The structure of the phosphate glasses is highly
dependent on the oxygen/phosphate (O/P) ratio,
which varies according to the oxide content in these
glasses, as demonstrated by several previous
studies 2°2%%, The calculated values of O/P are
summarized in Table 5. For the reference glass
(NP-glass) containing 50 mol% of P,Os, the ratio
was O/P= 2.73, and when 2% and 5% by weight of
the red clay were added (RC-2 and RC-5), the ratio
increased to O/P= 2.91 and 2.97 respectively, which
characterizes

the ultraphosphate glasses (5/2< O/P <3) of a long
phosphate chain with 3 oxygen bridges (Q®). When
10% and 15% by weight of clay were added, the
ratio increased to O/P= 3.08 and 3.13 respectively
for RC-10 and RC-15 phosphate glasses. This is the
case for polyphosphate glasses, which are made up
of infinite chains of PO, tetrahedra (Q? chains ending
in Q! units). Similar results were obtained by Ahmed
et al. ** who found that Q3 species were present in
glasses containing more than 50 mol% of P,Os and
Q! species were present in glasses containing less
than 50 mol% P,0s.
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Table 5. Chemical compositions of the PGs in weight percent (wt%) and molar percent (mol%).

Glass
code

NP-glass
RC-2
RC-5

RC-10

RC-15

P20s
wt%  mole
70.81 50
66.60 47
65.05 46
60.00 42
58.38 41

Cao
wt%  mol%
25.06 45
16.11 29
14.10 25
13.87 25
13.86 25

SiO2

wt%

2.46

7.25

9.34

13.92

14.11

mol%

4.09

12.07

15.55

23.17

23.49

Chemical composition

Al2O3
wt% mol%
0.61 0.60
4.74 4.65
5.25 5.15
426 4.18
3.94 3386

Fe203
wt% mol%
0.14 0.09
232 145
294 184
3.66 2.29
4.68 2.93

MgO
wt% mol%
0.38 0.94
1.20 2.98
135 3.35
149 3.70
1.46 3.62

wt%

0.08

1.41

1.59

2.33

3.02

K20

mol%

0.09

1.50

1.69

2.47

3.21

Na20
wt% mol%
041 0.66
0.24 0.39
0.23 0.37
0.30 048
0.38 0.61

wt%

0.03

0.13

0.15

0.17

0.17

TiO2

mol%

0.04

0.16

0.19

0.21

0.27

Zn0O

wt%

0.02

0.00

0.00

0.00

0.00

228

o/p

2.73
291
2.97
3.08

3.13
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3.2.2. SEM analysis

All samples of the prepared phosphate glasses appear
transparent and homogeneous under daylight
(Table 1). The following figure (Fig. 3) shows two
examples of SEM micrographs of NP-glass
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phosphate glass (Fig. 3a) and RC-15 phosphate glass
fractions (Fig. 3b). As expected, the surface is
smooth that there are no cracks were visible on the
surface at 500 times magnification.

Figure 3. SEM micrographs (x 500) of two PGs: (a) reference glass (NP-glass), and (b) glass contains 15% of
red clay (RC-15).

3.2.3. X-ray diffraction analysis
XRD patterns of all compositions of elaborated PGs

are shown in Fig. 4. All spectra of glasses showed a

lack of sharp peaks between 10° and 70° (26), which
characterizes long-range disorder in the vitreous
network.

Intensity (arb. units)

RC-15

RC-10

RC-5

RC-2

L bl &

NP-glass
Ja 2

10 20 30

§0 60 70

2 theta (°)

Figure 4. XRD spectra of elaborated phosphate glasses.

3.2.4. Density, molar volume, and thermal
analysis

The density of glass is an important factor in
determining the degree of change of the structure
within the glass as the composition of the glass
changes due to the addition of modifying oxides. The
values of the calculated density and molar volume
measurements of phosphate glass samples studied
here are given in Table 6, while the variation of these

two factors concerning the amount of clay added is
presented in Fig. 5.

The results showed that the density of glasses
gradually increases with the clay content in the glass,
which increases from pg= 2.6359 g.cm for reference
glass to pg= 2.9542 g.cm® for RC-15. Conversely,
the molar volume decreases monotonously with the
introduction of clay. It varies from Vm= 44.54 for
NP-glass to Vm= 38.73 for RC-15.
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Figure 5. Composition dependence of density and molar volume of PGs containing red clay.

Fig. 6 shows DSC curves of NP-glass, RC-5, and
RC-15 phosphate glasses. The values of the glass
transition temperature (Tg) are given in Table 6. The
results show that the Tg values increase with the clay
content in the phosphate glass. It varies from 392°C
for NP-glass to 491°C for RC-15. Thus, this increase
in Tg could be correlated to several factors such as
the modification of the bond strength and the
crosslinking of the glassy network with the increase
in atomic packing due to the incorporation of M ions

belonging to the clays with the formation of the
P-O-M bonds (with M= Si, Fe, Al, and Mg), which
become covalent with a higher rate of clay oxides,
which allows the reinforcement of the glassy
networks 182027.28 This result is well correlated with
the evolution of density and molar volume
measurements that suggest the compactness of the
glass structure %'

Ei(o
RC-15 #
E Tg=491°C
c
=
£
=
=
2 Tg=392°C
®
@
T
. T . T r , r
300 400 500 600 700
Temperature (°C)

Figure 6. DSC curves for NP-glass, RC-5, and RC-15 phosphate glasses.
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Table 6. Values of density (pg), molar volume (Vm), and transition temperature (Tg) of the PGs.

Glass code pg(g.cm3)
NP-glass 2.6359
RC-2 2.8019
RC-5 2.8517
RC-10 2.9302
RC-15 2.9542

3.2.5. Infrared and Raman spectroscopies

The structural modifications of the elaborated glasses
according to the oxide content in the clay were
studied by infrared and Raman spectroscopies. The
FTIR and Raman spectra of the investigated PGs

Vm (cm®.mol?) Tg (°C)
44.54 392
42.30 426
41.45 440
39.11 487
38.73 491

(NP-glass, RC-2, RC-2, RC- 5, RC-10, and RC-15)
are shown in Fig. 7a and Fig. 7b, respectively. The
assignments of the infrared and Raman bands are
listed in Table 7.

Table 7. Infrared and Raman assignments (cm™) of the elaborated PGs.

vas(PO2) vs(PO2) vas(PO3) and vas(POP) vs(POP) 8(PO43')
Glass vs(PO3)
code

IR Raman IR Raman IR Raman IR Raman IR Raman IR Raman

NP-glass 1298 1298 1173 1181 1095
RC-2 1298 1285 1173 1175 1093

RC-5 1296 1284 - 1175 1091
RC-10 1289 1280 1169 1173 1089
RC-15 1286 1280 - 1171 1087

As shown in Fig. 7a, six bands of the IR spectra of
the reference glass were observed at 1298, 1173,
1095, 910, 760, and 526 cm™. There is no significant
change in infrared spectra for glasses containing 2
and 5% by weight of clay. These results may be due
to the conservation of the structure, which is
essentially based on ultraphosphate groups (Q%) %,
The bands observed around 1298 and 1173 cm™ are
attributed to the asymmetric stretching vibration
mode v,s(PO2) and symmetric vs(PO2) where the two
oxygen atoms without bridging (O-P-O) easily
connect to a phosphorus atom in the phosphate
tetrahedron in the intermediate structural units (Q?)
82425 The band at 1095 cm™ is attributed to the
asymmetric stretching of the groups vas(POs)
characteristic of the structural units (Q?) 242°, With
the addition of clay from 10% to 15% by weight, we
notice the widening of these bands and a shift to
lower wavenumbers with a reduction in intensity;
this decrease in intensity reflects an increase in the
contents of modifier oxides and suggests a reduction
in the number of non-bridging P-O bonds with a
progressive increase in connectivity 2252°,

Furthermore, the overlap of these bands can also be
attributed to the Si-O(Si), and Si-O(P) links %?°,
Also, the bands observed around 910 and 760 cm™ in
the IR spectra of the phosphate glasses were
attributed to the symmetric and asymmetric

- 910 940 760 698 526 -
- 910 940 760 692 527 501

- 910 - 758 692 527 508
- 914 - 756 690 533 513
- 914 - 754 690 540 -

stretching of the P-O-P bridge bonds, respectively.
These two bands are obtained in species (Q?) 4%,
However, this time, the bands increased to higher
wavenumbers around 916 cm™ and decreased to
lower wavenumbers of around 756 cm? with
decreasing intensity for RC-10 and RC-15 glasses.
These changes can be explained by the increase in
the covalency of the P-O-P bonds which are replaced
by that of P-O-M with the formation of chain
termination units (Q') as the O/P ratio increases
29202529 At last, the bands around 526 cm™ are
assigned to the deformation bands of the groups P-O-
(PO4*), vibration band of (O-P-O) in phosphate
dimers (Q*) 242,

The Raman spectrum of the reference glass (NP-
glass) (Fig. 7b) reveals two full bands at 1298 and
1181 cm that are attributed to the asymmetric and
symmetric vibrations of P-O-P (vas(PO2) and
vs(PO2)) in the chains (Q?) &%, The band at 698 cm™
is attributed to the symmetric vibration vs(POP) of
bridging oxygen connecting two tetrahedra PO, (P-
O-P) in phosphate chains (Q?) &%. The band
observed around 501 cm? is related to the
deformation vibration of (O-P-O) in the structural
chains (QY) . With the increase in clay content, we
observe a decrease in the general bottom in the
ranges of 1100-1300 cm™ and 600-800 cm™. These
changes can be attributed to the breakage of P-O-P
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bonds and the depolymerization of phosphate chains
with the formation of the P-O-M bonds.
Accordingly, as the O/P ratio increases, structural
units (Q') are also formed 273°. We notice the
appearance of a new band that probably comes from
the vibrations of the Si-O-Si bridge in the silicon-
oxygen units (Q?) (about 620 cm™) 2.
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Summing up the results of the FTIR and Raman
spectroscopies and the values of the O/P ratio, it can
be concluded that the structure of these glasses
contains a mixture of ultraphosphate and
polyphosphate structural units whose concentrations
depend on the composition of the glasses.

RC-5

Absorbance (a.u)

RC-2

RC-15
RC-10

NP-glass 1095 910
1298 526
1173 760
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b

Figure 7. (a) FTIR spectra and (b) Raman spectra of the elaborated PGs with increasing RC content.

3.2.6. Chemical durability

In order to show the effect of oxides belonging to
red clay on the chemical durability of glasses, the
dissolution rate (Dgr) as a function of the clay
percentage at different pH values of the immersion
solution is presented in Fig. 8. Clearly, for all

glasses, it is known that the dissolution rate is higher
under basic conditions. However, for all pH values,
the minimum Dg rate is observed for RC-15 glass
which has the minimum molar percentage of P2Os. It
should also be noted that, although density and Tg
increase proportionally with the addition of clay,
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chemical durability is also considerably improved.
RC-15 glass also has a maximum value of these
quantities. We can conclude that the chemical
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durability increases with increasing clay percentage
up to 15% and that RC-15 glass is the most
resistant of these glasses.
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Figure 8. Variation of the dissolution rate Dg as a function of the weight percentage of red clay in PGs.

We can also affirm that the increase in the
percentage of oxides such as SiO,, Fe,03, Al,0Os, and
MgO with the decrease in the percentage of oxides
P,Os and CaO in the structure of glass leads to the
formation of P-O-Si, P-O-Fe, P-O-Al, and O-P-Mg
bonds. Hence, this allows an increase in the bond
strength, including the rigidity of the glass network,
and leads to improved chemical durability of the
glass.

Therefore, as compared to previous studies 3%, it
was confirmed that the dissolution of these
phosphate glasses decreases with the increase of the
added oxides belonging to the red clay.

4, Conclusions

In this paper, new phosphates glasses formulations
based on Moroccan natural phosphate alone or with
Moroccan red clay from the P,0s-SiO,-CaO-Al,O3-
MgO-Fe;03-K,0-Na,O-TiO, complex system have
been successfully prepared by the quenching
method. Synthesized phosphate glasses containing
mainly macroelements and microelements will be
used to develop phosphate glass fibers acting as a
slow-release fertilizer.

All elaborated phosphate glasses are homogeneous
with a smooth surface, as shown by SEM analysis.
The vitreous state of the elaborated glasses was
confirmed by XRD and DSC. The structural changes
investigated with FTIR and Raman spectroscopies

suggested  depolymerization and a stronger
crosslinking of phosphate chains with the addition of
the red clay increasing density and glass transition
temperature.  Conversely, the molar volume
decreases monotonously with the introduction of
clay. These changes were explained by the formation
of the more covalent P-O-M bonds (with M= Si, Fe,
Al, and Mg) replacing the P-O-P bonds, which also
increases the rigidity of the glass network allowing
the compactness of the structure.

The chemical durability of investigated phosphate
glasses was evaluated in terms of dissolution rate
(DRr), and the results show that the dissolution rate
decreased with increasing of the red clay up to 15%
by weight percentage for RC-15 glass belonging to
the 41P,05-23.5Si0,-25Ca0-3.9Al,03-3.6MgO-
2.9Fe;03-3.2K,0-0.6Na;0-0.27TiO, system. Based
on the results, the chemical durability was improved
with an increase in oxides belonging to the red clay.
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