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Abstract

Glasses based on the basic composition of lithium disilicate (Li,0.2510,) together with derived samples containing increas-
ing CeO, replacing Li,O (0.1, 0.2, 0.5, 1 Mol %) were prepared by melting — annealing method, samples from the prepared
parent glasses were thermally heat treated through two-step regime (450° C /10 h — followed by 650° C / 6 h) to convert
them to their glass — ceramics derivatives. The main purpose of this study is to find out the main properties of the prepared
glass — ceramics to be applied as dental candidates. The optical, FTIR, and thermal expansion properties of the parent glasses
were examined to identify the main structural groups which are defined as tetrahedral stronger SiO, building groups. The
detailed separated crystalline phases within the prepared glass—ceramics were identified together with their textural features.
The Vickers microhardness data for both the parent glasses and their glass -ceramics derivatives were evaluated. SEM and
EDAX measurements indicate the ability of the prepared samples to form hydroxyapatite upon immersion in SBF solution.

Keywords Lithium - Silicate - Glass - Nano - Glass —Ceramics - Dental

1 Introduction

During the past years, numerous scientists have been inter-
ested in scientific research on various glass—ceramics suit-
able for dental applications [1-10]. The importance of
glass—ceramics candidates comes from their development
by controlled crystallization of specified and selected parent
glasses with various forms and textures and hence form an
important group of biomaterials used in modern dentistry.
These dental glass—ceramics should possess exceptional
aesthetics, translucency, high strength, favorable chemical
durability, wear resistance, biocompatibility, low thermal
conductivity, and similar or very close microhardness val-
ues to that of natural teeth. The choice of these materials
comes from the concept that they are easy to prepare with
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variable shapes to produce the parent glasses and with the
proper thermal heat-treatment complete the final formation
of glass—ceramics with desirable properties. It is recog-
nized that [6] among the most promising materials, selected
glass—ceramics, zirconia (ZrO,) hybrids, and glass-infiltered
ceramics are considered of great importance in these appli-
cations [6-11].

Previous publications [5, 6, 11-17] have categorized den-
tal ceramics into three groups: (i) glass-matrix ceramics, (ii)
polycrystalline ceramics, and (iii) resin-matrix ceramics. It
seems that the best classification of dental glass—ceramics
which needs to be mentioned is referred to bioactive type
and restorative type. The first bioactive type of glass—ceram-
ics are materials that show bone (teeth) bending ability and
also stimulate a particular biological reaction at the inter-
face. In particular, most restorative dental glass—ceramics
are inert and biocompatible and generally be used in the
restoration and reconstruction of teeth [10-12].

Some authors[1, 7] have referred that many glass—ceram-
ics that can be recommended for dental applications com-
prise some silicate-heated candidates such as mica-based
glass—ceramics, leucite-based glass—ceramic, and lithium
disilicate glass—ceramics.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12633-023-02819-3&domain=pdf

1882

Silicon (2024) 16:1881-1892

Hassan and Gad [13] have made a study to compare or
rank the wear performance of three different ceramic sys-
tems (monolith zirconia, lithium disilicate glass—ceramic
and feldspathic porcelain) and their effects on the wear
and surface roughness of their antagonist enamel. The con-
clusion was reached that monolith zirconia and porcelain
resulted in less wear to human enamel compared to lithium
disilicate-based glass—ceramics. However, porcelain is more
affected by wear compared to zirconia.

Several scientists for restorative dentistry have com-
pared three ceramic materials for digital dentistry [14]. The
selected materials include fit of metal, lithium disilicate, and
zirconia crowns.

The appealing features of certain types of lithium disili-
cate glass—ceramic warrant further investigation as bioactive
dental materials. These substances have been proposed for
application in implant coating, bone regeneration, hyper-
sensitivity therapy, periodontal healing, and bone/tooth
bonding. They also exhibit the capacity to induce a spe-
cific biological response at the material/tissue interface.
The characteristics and requirements of the materials used
in dentistry have been outlined in several international stand-
ards. For example, a dental material needs to have very good
mechanical, chemical, and optical qualities that are similar
to those of real teeth. On the other hand, in order to improve
mechanical qualities including hardness, elastic modu-
lus, brittleness index, chemical solubility, and increased
machinability, the parent glass or ceramics may need to
have some stabilizers added. CeO, can operate as a nucleat-
ing agent in the glass ceramic matrix, as stated by earlier
studies, and it can induce a characteristic alteration in the
crystal morphology of the generated phases, which in turn
has a characteristic effect on the crystallite size. Addition-
ally, the inclusion of CeO, increased the material's strength,
microhardness, and yellow colors, making it a viable option
for denture replacement materials [18, 19].

The present study aims to prepare parent glasses based
on the Li,0-Si0, system with samples containing added
dopant (0.1, 0.2, 0.5, or 1%) percent of CeO,. The parent
glasses were primarily characterized for their optical, FTIR
spectral analysis beside thermal expansion measurements.
Samples from the glasses were thermally heat-treated to con-
vert them to their corresponding glass—ceramic derivatives
through two step regime based on derived data from DTA
and thermal expansion parameters.

The derived glass—ceramics were specifically character-
ized by investigation by FTIR, X-ray diffraction and SEM
measurements. These collective analysis are expected to
identify the crystalline phases formed by thermal heat-
treatment and their morphological textures. Also, the role
of the CeO, on the chemical and Vickers microhardness data
will be evaluated to justify their mechanical properties and
suitability to dental applications.
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2 Experimental Details
2.1 Preparation of the Parent Glasses

The parent glasses were synthesized from chemicals with
a purity of 99.9% (Sigma Aldrich Company). Lithium car-
bonate (Li,COs3) is used as a source of Li,O while silica
(SiO,) and CeO, were used as such. The detailed chemical
compositions of the prepared glasses are listed in Table 1.
The weighed batches were melted into platinum crucibles at
1400°C and the melting was extended to 2 h with frequent
rotating the crucibles at intervals to reach complete mixing
and homogeneity. Then the finished melts were poured into
warmed stainless steel molds. The prepared glassy samples
were transferred immediately into a muffle furnace adjusted
at 400°C. After 1 h, the annealing muffle was switched off
and left to cool to room temperature with the heated glass
samples inside.

2.2 Preparation of the Glass-ceramic Derivatives

The parent glasses were subjected to a controlled thermal
heat-treatment process to convert them to their correspond-
ing glass ceramics derivatives using a two-step regime.

The glasses were first heat treated slowly (5°C/ min) to
the first selected temperature (450°C) derived from ther-
mal expansion data and previous DTA of the base glass.
The temperature was kept at this temperature for 10 h. Then
the muffle was raised to the second selected temperature at
(650°C) and the temperature was fixed for another 6 h. After
that, the muffle was shut down with the heat-treated samples
inside and left to cool to room temperature.

The two main steps of crystallization were selected for
obtaining a desired homogenous crystal with an acceptable
particle size. In the two-step crystallization, the lower tem-
perature allows the crystallization process to begin from the
surface, then reformed to become a part of the crystal while
the crystal growth is developed and dispersed homogenously
toward the bulk body of sample with a fixed rate. This pro-
cess is used in the majority of silicate-based glasses, which

Table 1 Chemical composition of the prepared undoped and CeO, —
doped lithium silicate glasses

Sample code Composition in Mol%

Sio, Li,0 CeO,
S1 68 2 0

s2 68 31.9 0.1
S3 68 31.8 02
sS4 68 315 05
S5 68 31 1
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may lead to the required microstructure that reflecting on the
final glass—ceramic qualities.

2.3 Characterizations Measurements for Properties
of Glass—ceramic Derivatives

The derived glass—ceramic were characterized by measuring
their FTIR and X-ray diffraction to identify the component
structural groups and the type of crystalline phases formed
by thermal heat treatment and followed by SEM to specify
the structural formations and textures in the background. The
X-ray apparatus is a diffractometer (type Philips PW 1390)
adopting Ni-filter and Cu-target. The SEM apparatus used
was model Philips XL 30. All studied samples were coated
with a surface layer of gold to clarify the texture differences.
Additionally, a high-resolution transmission electron micro-
scope (TEM, JEOL TEM-2100) was employed to evaluate
the produced glasses' morphological characteristics.

In order to estimate the bioactivity, the glass and their
corresponding glass—ceramic specimens were soaked in a
cellular simulated body fluid (SBF, 50 mL) with ion con-
centrations and a pH that was almost identical to those of
human blood plasma. Reagent grade NaCl, NaHCO;, KCl,
K,HPO,-3H,0, MgCl,-6H,0, CaCl,, and Na,SO, were dis-
solved in ion-exchanged water inside a polystyrene bottle
to create the SBF, in accordance with Kokubo [20]. In the
previous specified order, these reagents were added. The
solution was held at+37°C and its pH value was adjusted
to ~7.25 using 50 mM Tris-(hydroxymethyl)-amino methane
(also known as (CH20H)3CNH2)) and 45 mM hydrogen
chloride. The soaking process was conducted for four weeks
at 37°C with constant stirring.

2.4 Measurements of Physical Properties for Parent
Glasses

The parent glasses were examined for their optical and FTIR
absorption spectra beside their thermal expansion properties.

The thermal expansion behaviors of the parent glasses
were measured by a computerized dilatometer(type
NETZCH-Dil-402, Germany). All measurements were car-
ried out from room temperature up to the dilatometric sof-
tening temperature of each glass sample with a heating rate
of 5°C/min.

Fourier transform infrared absorption spectra were
recorded using the KBr disc technique using (Nicolet is 10
S spectrometer, USA) within the range 4000-400 cm™! with
a resolution of 2 cm™! at room temperature.

Optical (UV-visible) absorption spectra were measured
for polished samples of equal thickness (2 mm+0.1 mm)
within the range of 200-1100 nm using a recording spectro-
photometer (type Jasco 630, Japan).

Vickers microhardness data were collected by measuring
polished samples through indentations by a Microhardness
apparatus (Type Shimadzu, Japan) with a load of 100 gms
for 15 s in 5 different places.

3 Results and Discussions

3.1 Differential Thermal Analysis (DTA) and Thermal
Expansion Data

Figure 1 shows the DTA of lithium-silicate glasses with
0 mol%, 0.5 mol%, and 1 mol% CeO, in the temperature
range 200-900 °C with the heating rate of 5° C / min. a
characteristic exothermic peak can be observed around 650
°C, and Tg is showing to increase from about 442 °C to
472 °C with increasing CeO, content. Such thermal behav-
ior reveals that CeO, concentration plays an important role

654 °C
T28°C

652 °C

472°C

Heat Flow (a.u.)

442°C

200 300 400 500 600 700 800 900
Temperature (°C)

Fig. 1 Differential thermal analysis of the prepared undoped and
CeO,—doped lithium silicate glasses with O(a), 0.5(b), and 1 (c)
mol% CeO,
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in the crystallization behavior of lithium silicate glasses.
The possible existence of CeO, in the glass network form-
ing position allows the network structure to become more
compact which raises the exothermic temperature [21]. In
accordance with DTA results obtained in Fig. 1, a heat treat-
ment program was used to produce glass—ceramic deriva-
tives by heating the undoped sample and CeO, — doped
lithium silicate glasses to 450 °C for 10 h followed by 650°C
for 6 h at a rate of 5°C/min. On the other hand, the derived
thermal expansion curves of the undoped and CeO, — doped
lithium silicate glasses are shown in Fig. 2. The measured
parameters of dilatometric softening temperature and ther-
mal expansion coefficient (CTE) of the parent glass is shown
to progressively increase with the increase of CeO, dopant
percent up to 0.5% while CTE value is declined with 1%
CeO,_content. In this study, the glass transformation tem-
perature, dilatometric softening temperature and thermal
expansion coefficient are 403—494 °C, 434-551 °C, 6 x 10°°
°C - 11.1x107° °C, respectively.

In most cases, heating is assumed to cause glasses to
expand like normal solids. The type of glass, its chemical
composition, bond strength, and field strength of the cations
are only of the variables that affect the thermal expansion
coefficient, glass transformation temperature, and dilatomet-
ric softening temperature of glasses [22, 23].

The presence of nonbridging oxygens is highly potent
when evaluating the thermal expansion data. The variation
of the coefficient of thermal expansion (CTE) and glass
transformation temperature with mol% of cerium oxide can
be attributed to the progressive formation of non-bridging
oxygens (NBSs) which should exhibit a higher value of
CTE [24]. Regular expansion is defined as the reaction to
the increase of the amplitude-increased atomic vibrations of

—— 0 %CeO,
1l — 01%ce0

5 2

9| — 0.2%Ce0,

o,v 1| — 05%cCeo,

S 4, - 1 %CeO,
x E
o 34
J E

J

S 2
14

0 100 200 300 400 500 600 700
Temperature /°C

Fig.2 Thermal expansion of the undoped and CeO, — lithium silicate
glasses
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the constituents during heating, hence the sudden reduction
of the dilatometric softening temperature could be attrib-
uted to be due to the reduction of the stress arising in glass
upon quenching or rapid cooling during synthesis or rapid
annealing [25, 26]

3.2 X-ray Diffraction Patterns of the Heat-treated
Glass - ceramic Derivatives

The derived x-ray diffraction patterns of the heat-treated
undoped and CeO,—doped lithium silicate glasses
are shown in Fig. 3. The undoped and 0.1mol % CeO,
glass—ceramics (Fig. 3a and b) exhibit similar peak posi-
tions and reveal two characteristic crystallite phases that
are correlated to Li,Si,05 and Li,SiO; crystalline phases
that corresponded to PDF cards No. 40-0376 and 15-0519,
respectively. The progressive increase of CeO, concentra-
tion up to 1% leads to a newly induced diffraction pattern

Intensity (a.u.)

10 20 30 40 50 60 70
2 theta (degree)

Fig.3 XRD of the heat-treated glasses where (a) undoped, (b) 0.1 %
CeO, , (¢) 0.2 % CeO, , (d) 0.5 CeO, and (e) 1 % CeO, while the
crystallite formed phases denoted as @=Li,Si,Os, M=Li,SiO;, and
V¥ =Li,Si0,
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correlated to Li,SiO, that matched with PDF No. 700-2340.
It is clear that CeO, did not form a separate crystalline phase
in the parent glass due to its presence within the constituent
network units, but rather acted as a catalyst to accelerate the
crystallization process. According to reports and publica-
tions [27-29], CeO, is a network modifier that easily breaks
silicon-oxygen bonds and creates more crystal defects,
which is advantageous for the nucleation and transforma-
tion of lithium silicate matrix.

The realization and explanations of the mode for crystal-
lization behavior are based on the following basis [27-29]:

(i) The presence of a sufficient percent of Li,O in the
composition of the glasses promotes ease of nuclea-
tion, phase separation, and subsequent full crystal-
lization, and hence the lithium ions are considered
to be self—nucleating ions. The identification of two
crystalline phases from lithium silicates is familiar
and expected beside the appearance of excess silica
which separates as symmetrical quartz.

(i) The doping of the parent glass with varying CeO,
percents is observed to cause variable changes in the
formed crystalline phases. At low percent, the lith-
ium aluminum silicate phases are the dominant, and
aluminum ions are derived from the presence of nano
silica used for the preparation of the glasses which
do contain Al,0; (0.44), CaO (0.03), ZrO, (0.01),
L.0.I (3.24). it is assumed that the CeO, acts at first
as a nucleator or promotor to the crystallization pro-
cess and also shares in the separation of crystalline
(Ce0,). At a high percent, the role of CeO, is only as
a promotor (or nucleator) to enhance the formation
of three types of LiAl silicate and symmetric quartz.

3.3 TEM, SEM and EDX Measurements

Figure 4 represents the TEM of the selected 0.1 and 1 mol%
CeO, samples. TEM Figure shows evidence of the crystal-
lization of one or more phases. Also, In the quenched 0.1
and 1 mol % CeO, samples, TEM exhibited precipitation
of nano-sized crystals of just the lithium silicate phase as
illustrated by the XRD analysis. The TEM figure is a con-
firmation of the formation of many crystalline nano-phases
phases around 25-30 nm for 0.1 mol % co-doped sample and
10-12 nm for 1% CeO, co-doped sample. The crystal size
was decreased by increasing the CeO, content.

Figures 5, 6, 7 and 8 depict the EDAX analysis and
SEM morphology of CeO, doped glass and glass—ceramic
samples after immersion in the simulated body fluid solu-
tion for 4 weeks which indicates the elemental growth of
P and Ca. EDAX results show sharp intensity peaks for
Ca and P which are more pronounced in the glass—ceram-
ics derivative than their glass. The micrographs of both

glasses and glass—ceramic samples reveal some microcrys-
talline texture with rounded small crystals dispersed on
the surface. When lithium silicate glass or glass—ceramic
is immersed in SBF, the net result that a polycondensation
reaction is assumed to lead to the formation of the silanol
groups, which causes calcium ions to react with phosphate
ions to form a mixture of calcium phosphate, and ulti-
mately causes the formation and growth of calcium phos-
phate, which will crystallize to surface as hydroxyapatite
(HAP) [30].

3.4 FT Infrared Spectra of the Parent Glasses

Figures 9, 10 and 11 show the FTIR spectral curves of
the parent glasses. The identified vibrational bands are
observed to extend from 400 to 1700 cm™! and end with a
broad near IR band extending from about 2000 cm™~!. The
detailed IR spectral absorption shows small far-IR peaks
extending from 400-520 cm™! followed by a medium band
with two peaks at 630 and 670 cm ™' and succeeded by two
broad bands, the first extends from about 720 to 1100 cm ™!
with three small peaks about 880, 950 and 1050 cm~!and
the second band reveals sharp peak at 1385 cm™', which
is followed by an attached peak at the descending lobe at
1619 cm™.

Figure 11 reveals the FTIR of the corresponding
glass—ceramic derivatives.

Inspection the IR curves of glass -ceramics shows almost
similar IR spectra to that obtained from their parent glasses.

The explanation and interpretations of the resultant iden-
tified IR spectra are based on the following [31-35]:

(i)It is accepted that the identified IR vibrational bands
collected from glasses are correlated with the vibrations
of existing structural groups or units within the network
of the examined glasses depending on chemical constitu-
ents.

(i1) The detailed chemical composition of the glass and
the expected structural units from them are the source of
the IR absorption bands.

(iii) The basic or fundamental building units in the stud-
ied lithium silicate glasses are tetrahedral SiO, units in
which all oxygens are shared between two tetrahedra,
forming a fully polymerized units. The introduction of
alkali oxides as fluxes causes the formation of nonbridg-
ing oxygens and the alkali cations (Li") are situated in
interstitial sites to the tetrahedral network and in the
vicinity of the negatively charged nonbridging oxygens
(NBOs).

(iv) Based on previous publications on IR spectra of sili-
cate glasses, the following assignments are introduced for
the collected data [31-37]:
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Fig.4 TEM of the heat-treated 1

glasses and their particle size 50 4
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(a) The identified far IR peaks within the range 400—
480 cm™'are correlated with vibrations of Li*
cations within their characteristic sites.

(b) The vibrational peaks within the region 580-650
cm™! are related to bending modes of Si-O-Si or
0-Si—O bonding

(¢) The IR bands within the range 720-800 cm~!are
attributed to Si—O-Si symmetric stretching vibra-
tions.
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(d) The IR bands within the range 950-1100 cm™! are

(e)

®

related to Si—O-Si antisymmetric stretching vibra-
tions.

The IR bands within the region 1600—1650 cm™!
are related to vibrations of OH, water, silanol
(SiOH).

FTIR absorption bands of inverted glass samples
reveal Li,Si,05 and Li,SiO5 phases that can be
distinguished by broader bands shape than those
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Fig.5 SEM images of the prepared glass ceramics before immersion
where (a) 0% CeO,, (b) 0.5% CeO, and (¢) 1% CeO,

obtained from the glassy matrix or coexist with
additional sharp bands. The characteristic Si—O
stretching modes in crystalline Li metasilicate,
Li,Si0;, and Li disilicate, Li,Si,05, where the
silicate tetrahedra have two (Q?) and three (Q%)
bridging oxygen ions, respectively, have been
measured at 921 and 1023 cm™".

With reference to the presumptions made earlier [35-37],
the term "Q" structure" refers to the primary structural
framework of silicon bond arrangements of tetrahedral form

Fig.6 Figure 3 SEM of the prepared glass ceramics after immersion
4 weeks in SBF solution where (a) 0% CeO,, (b) 0.5% CeO, and (c)
1% CeO,

to the nearby oxygen, where n=0—4 based on the number
of BOs. As demonstrated by the thorough deconvolution of
the IR spectra shown in Fig. 9, the addition of network modi-
fiers, such as lithium, significantly alters the Q" structure and
subsequently adds new bands to the FTIR spectrum. The
silicon network changes to a more chainlike structure when
lithium dioxide is added to fused silica. It is in fact implied
that the oxygen ions involved are covalently bonded to the
silicon ions at one end by the ionic character of the Li—O and
Ce-O bonds. Known as "non-bridging oxygens" (NBOs),
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Fig.7 EDAX analysis before immersion in SBF solution where (a)
0% CeO,, (b) 0.5% CeO, and (c) 1% CeO,

these oxygen ions change the three-dimensional silicon net-
work into a silicon structure that is more akin to a chain. The
characteristics of glass change as a result of the NBOs' pres-
ence, which also causes a decrease in connectivity within the
glass network. Specifically, glass transformation temperature
(T,), thermal expansion coefficient, crystallization degree,
bioactivity, and optical characteristics.

3.5 UV-visible Absorption Spectra

Figure 12 introduces the absorption and transmission spectra
of the base undoped together with that for CeO, — doped
lithium silicate glasses. The optical spectrum of the undoped
sample reveals a distinct UV absorption peak at 364 nm and
without any further absorption to the end of measurements.
According to Duffy [38] and Ehrt et al. [39, 40], agreed that
the recently identified particular UV absorption bands in
the various undoped glass samples are considered to be the
result of the presence of trace iron ions present as chemical

@ Springer
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Energy (eV)

Fig.8 EDAX analysis after immersion in SBF solution for 4 weeks
where (a) 0% CeO,, (b) 0.5% CeO, and (c) 1% CeO,

impurities in the chemicals used for the preparation. The
optical spectra of CeO,-doped glasses exhibit extended
near-visible absorption to about 450 nm and the spectral
curve extended to the longer wavelength with increasing the
CeO, concentration. The recorded optical transmittance in
the UV-VIS region shows a characteristic decrease in the
transmission when the dopant amount of CeO, is increased
up to 1 mol% as represented in Fig. (12b). Furthermore, a
cutoff wavelength can be observed depending on glass com-
position and falling at about 326, 390, 404, 423, and 436 nm,
for 0, 0.1, 0.2, 0.5, and 1 mol% CeO, respectively.

Cerium ions are assumed to have the ability to exist in
two possible valence states in glass, Ce®* and Ce** with the
electronic configuration of f* and °, respectively and their
ratios depend on the host material as well as on the prepa-
ration condition [41]. The optical absorption spectrum of
Ce’* ions is an allowed transition (f*— d') which depends
strongly on the host materials, but very often appears in the
UV range in most of the oxide glasses [42]. The identified
characteristic optical absorption spectra could be attributed
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Fig.9 FTIR of the base undoped glass where (a) glass and (b) glass
— ceramics

to the characteristic peak of Ce** which generates a yellow-
ish appearance [40, 42].

3.6 Microhardness Measurements

It is realized that during the Vickers microhardness meas-
urements, the diamond indenter produces noticeable
indentation within the surface of the glass, the depth and
dimension of which vary with the type and composition of
the measured glass [43—45]. Some different mechanisms
have been proposed to explain the way of generation of the
indentation, such as plastics or viscous flow or densifica-
tion [43—-45]. The previous studies suggested processes
are assumed to be correlated with the percents of both
network former ions and also the modifying ions and the

1% CeO,
-

>

©
e

8 0.5 % CeO,

c

©

0

[

o

2]

Q

< 0.2% CeO,

0.1 % CeO,
v \ d J d v v
2000 1600 1200 800 400

Wavenumber (cm™)

Fig. 10 FTIR of CeO, — doped glasses

bending strength between former and modifier ions. Sili-
cate glasses and glass — ceramics with high SiO, contents
possess higher values of Vickers microhardness values and
Corning Glass Works (USA) recommended some glass
-ceramics for aerospace applications.

Table 2 depicts the Vickers microhardness data of the
parent glasses and their glass — ceramics derivatives.
The results reveal that the microhardness progressively
increases with increase of CeO, in both the glasses and
glass—ceramics. Also, the data show that the glass — ceram-
ics exhibit higher microhardness values than their parent
glasses. The collective data indicate that CeO, causes
compactness in the network structures of all samples lead-
ing to the obvious increase in the microhardness values.
Also, as expected the glass — ceramics derivatives possess
after preparation defined crystalline textures which virtu-
ally promotes higher microhardness values.
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Fig. 11 FTIR of the CeO,-doped glass — ceramics

4 Conclusions

Undoped Lithium disilicate glasses with the nominal com-
position SiO, — (32-x) Li,O — xCeO, in mol% (where x =0,
0.1, 0.2, 0.5, and 1) were prepared via conventional melt-
quenching method. From the DTA measurements, the sam-
ples undergo a controlled heat treatment at 450° C and 650°
C for 10 and 6 h respectively to obtain the corresponding
glass—ceramics. The dilatometric softening temperature and
thermal expansion coefficient (CTE) gradually rise as CeO,
dopant percent increases up to 0.5%, while the CTE value
decreases as CeO, content increases to 1%. Two distinct
crystallite phases were identified by XRD analysis respec-
tively, and are associated with the Li,Si,05 and Li,Si0;
crystalline phases together with a freshly created diffraction
pattern of Li,SiO, phase that is produced when the concen-
tration of CeO, is gradually increased up to 1%. As the CeO,
content was increased, the crystal size was reduced, and the
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Fig. 12 UV-visible (a) absorption and (b) Transmission of undoped
and CeO,-doped glasses

Table 2 Microhardness (Kg

y Sample Glass Glass —
mm™~) of the prepared glasses ceram-
and their corresponding glass— ics
ceramics

1 443 450
2 453 455
3 459 470
4 472 581
5 490 610

TEM figure confirms the production of many crystalline
nano-phases approximately 25-30 nm for the 0.1 mol% co-
doped sample and 10-12 nm for the 1% CeO, co-doped sam-
ple. The glass or glass—ceramic reveals a bioactive behavior
and the growth of crystallite hydroxyapatite (HAP) on the
surface is directly proportional to CeO, content. The basic
or fundamental building units in the studied lithium silicate
glasses are tetrahedral SiO, units in which all oxygens are
shared between two tetrahedra, forming a fully polymerized
Si— O - Si and/or O — Si — O units in the extended IR range
from 580 to about 1100 cm™!. The IR range 400-480 cm™"
are correlated with vibrations of Li* cations within their
characteristic sites. FTIR absorption bands of the inverted
glass—ceramic samples exhibited a broader band shape than
those obtained from the glassy matrix. The optical absorp-
tion spectra was characterized at 326, 390, 404, 423, and
436 nm, for 0, 0.1, 0.2, 0.5, and 1 mol% CeO, respectively.
The optical spectra mainly depend on the valence state of
cerium ions electronic configuration. In both glasses and
glass—ceramics, the microhardness gradually rises as the
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amount of CeQ, increases. Furthermore, compared to their
parent glasses, the glass—ceramics had higher microhardness
values due to the compactness action of CeO,. The tested
disilicate glasses and their corresponding glass — ceramics
co-doped with CeO, are suitable for use in dental and bio-
medical applications.
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