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Can heat-pressed feldspathic ceramic
be submitted to multiple heat-pressing?

Abstract: The aim of this study was to determine if multiple
processing (heat-pressing) of a dental ceramic influences flexural
strength, hardness, and microstructure. Ninety bar-shaped specimens
(15 mm x 4 mm x 2 mm) of a pressed ceramic (Vita PM9) were
fabricated and randomly divided into 6 groups (n = 15) according
to the factors “number of pressings” (C1, C2, and C3, fired 1, 2, and
3 times, respectively) and “mechanical cycling” (M). Half of the
specimens were mechanically cycled (10° cycles, 45 N, 3.4 Hz, in water)
and all specimens were tested for 3-point bending (0.5 mm/min, load
1000 kgf) and Vickers hardness (19.6 N for 20 s). X-ray diffraction was
used to characterize the phases and scanning electron microscopy
to characterize the microstructure. The flexural strength data was
statistically analyzed with Weibull analysis, ANOVA, and Tukey
test. Hardness data was evaluated by 2-way ANOVA and Fisher test.
All tests were performed with a significance level of 0.05. Two-way
ANOVA revealed that neither “number of pressings” (p=0.085) or
“mechanical cycling” (0.055) significantly affected flexural strength.
But Weibull analysis showed significant difference for Weibull
moduli and characteristic strength between groups. For hardness,
a statistical difference was seen for the interaction “Number of
pressings * Mechanical cycling”, (p = 0.016). Hardness decreased in
the following order: C1 (775£17.2), CM3 (751+101), CM2 (735+45), C3
(701£82), CM1 (671£82), and C2 (663+92). Fewer defects were observed
with an increased number of firings. Therefore, the possibility of
recycling PM9 ceramic does not interfere in the evaluated mechanical
properties and improves microstructure.
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Introduction

The development of dental materials has been important to meet
aesthetic issues in oral rehabilitation,' promoting increased use of aesthetic
restorative materials and the development of dental ceramics.? Important
properties of ceramic materials are chemical stability, biocompatibility,
and the thermal expansion coefficient,® as well as high resistance to
compression and wear.*>%” Glass ceramics have the disadvantage of
having low fracture toughness, which facilitates crack propagation,
causing restoration failure.®
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Feldspathic ceramic is one type of glass-matrix
ceramic compound of hydrated aluminosilicate,
silica, and feldspat.’ Various systems for making
ceramic inlays have been marketed since the
early 1980’s: heat-press, stratification, and CAD/
CAM technology (Computer Aided Design/
Computer Aided Manufacturing).'’ The heat-
press technique minimizes internal porosity'"'
improving the clinical performance; it has
become very popular in dental laboratories
because it is easy to use. Monochrome porcelain
is pressed to reproduce the optical characteristics
of the tooth, and depending on the extrinsic
painting techniques, it is possible to improve the
aesthetics of the prosthetic restoration. VITA PM9
(Vita Zahnfabrik) is a heat-pressed feldspathic
ceramic, composed of fine feldspathic structures
developed from the VITA VM9 veneering ceramic;
both are leucite-based materials. According
to the manufacturer, it can be used for inlay
and onlay restorations, and for over-injecting
infrastructures.

Heat-pressable ceramics are available in ingots
of predefined sizes that are usually not completely
used, resulting in leftovers. It has been questioned
if pressed ceramics that were used to fill the sprue
and feed ring can be recycled without influencing
their quality.” Recent studies found a positive
influence of multiple firing on roughness, flexural
strength, and hardness of several ceramics, although
most were lithium disilicate-based materials.**'5
The possibility of re-using the leftover ceramics
can be seen as a financial advantage for some
laboratories and clinicians. Moreover, it is an
environmentally friendly solution for materials
that would just be discarded.

Due to the lack of studies assessing the influence
of re-pressing leucite ceramic on its properties, this
study aimed to assess the influence of re-pressing
on strength, hardness, and on the microstructure
of a leucite-based pressable ceramic after multiple
pressings. The null hypothesis was that repeated
pressing does not influence flexural strength,
microhardness, and microstructure neither prior
nor after mechanical cycling.
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Methodology

Preparation of ceramic bars

Wax blocks (Bego) were cut into standardized
bars of 18 x 4.5 x 2.5 mm. Next, the bars were fixed
in a wax feed channel (sprue) with a length of 3 mm
and a minimum diameter of 4 mm with rounded
connection points. In one development, the base is
connected to wax sprues and four sets of blocks at
an angle of 45°, with a minimum distance of 10 mm
from the ring wall. The investments (Bellavest SH,
Bego, Bremen, Germany) were handled according to
manufacturer’s instructions and transferred to the ring.
After solidification, the investments were inserted in a
preheated oven at 850°C (EDG3P-S 1800) for at least 75
minutes for complete wax and polymer evaporation.
The investments were quickly transferred to another
oven (Vita Vacumat MP 6000, Vita Zahnfabrik, Bad
Sackingen, Germany) and Vita PM9 ingots (Vita
Zahnfabrik, Bad Sackingen, Germany) were inserted
and injected with a pressure of 3 bars according to the
manufacturer’s recommendations. After cooling, the
bars were removed from the investment and cleaned
with 50 pm aluminum oxide particles (Asfer Indistria
Quimica Ltda, Sdo Caetano do Sul, Brazil) (Professional
Jet, EDG, PRO-ANALYSIS Chemical and Diagnostics
Ltd, Cotia, Brazil) with a pressure of 2 bars (to remove
investment remains) and then washed with isopropyl
alcohol in an ultrasonic bath for 5 min.

The bars were standardized with SiC sandpaper #
320, 400, and 600 um until reaching final dimensions
of 15 x 4 x 2 mm in an automatic polisher (EcoMet/
AutoMet250, Buehler, USA) using a metal device
that holds the surface straight. Then, the samples
were polished with decreasing grit sandpaper until
1200 pm following ISO 6872. The samples (n = 90)
were divided into six groups (n = 15) according to
the factors: “number of pressings” and “mechanical
cycling - M™: C1 (control group - 1 pressing), C2 (2
pressings), C3 (3 pressings), CM1 (C1 + mechanical
cycling), CM2 (C2 + mechanical cycling), and CM3
(C3 + mechanical cycling). Thirty bars were initially
made with a single pressing. For groups with two
pressings, ingots were pressed twice (n = 30). For the
groups with three pressings, the ingots were pressed
3 times until the ceramic bars were obtained.



Mechanical cycling

Mechanical cycling (ER- 11000, Technical and
Scientific Erios Equipment Ltda, Sao Paulo, Brazil) was
performed with a three-point bending device with a
distance of 16 mm between the supports. Only the
sample’s extremities were supported, therefore the
central region received the load from a device attached
to the machine (45 N, 10° cycles, 3.4 Hz, water, 37°C).
The load was applied by a piston with 1 mm diameter.

Flexural strength

Flexural strength was measured using the
three-point bending test that consists of a bar
supported by two cylinders (2 mm of diameter) with
15 mm distance between the centers. Compression
(0.5 mm/min, 1000 Kgf, 20 £ 1°C) until catastrophic
failure' was applied with relative humidity of 70 + 5%,

following ISO 6872 guidelines. The flexural strength
3. H
27 Ch2-
Where, F is the failure load in Newtons, [, 1, and ¢

was calculated using the formula: FS =

are respectively the bar’s length, height, and width.

Hardness

After the three-point bending test, six fragments of
bending specimens from each group were randomly
chosen for the Vickers microhardness test using a
Vickers tester (VMT-7, Buehler, City, Country) with
a load of 19.6 N for 20 s. All samples were embedded
in acrylic resin for stability and regularity during the
analysis. The samples were then polished using SiC
sandpaper #1200 and cleaned in an ultrasonic bath with
isopropyl alcohol (5 min). The hardness data (VH) was
calculated by the value of the applied load, the diagonal
length, and the angle between the opposite faces of the
indentator”®in six indentations per sample.

X-ray diffraction (XRD)

X-ray diffraction analysis was performed in two
samples of each group to determine the possible changes
in the crystalline phase and microstructure induced
by processing protocols. The analysis was performed
using an X-ray diffractometer (PHILIPS, PW, 1830,
Georgia, USA). The crystalline phases present in two
samples of each group were identified using Cu-Ka
x-rays between 20 and 60 degrees, 0.020 step and a
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speed of 1s/point counting. The data were analyzed
by graphs using a computer program (Oring 8.0).

Scanning Electron Microscopy (SEM)

SEM was performed to analyze the microstructure
of the material (n=2) after slightly etching the surface
with 10% hydrofluoric acid during 60 s, following
manufacturer recommendation for surface treatment.
Fractured surfaces were also evaluated for differences
inside the material. The samples were included in a
sample holder with carbon double-sided adhesive tape
(SPI) to visualize surface topography. The samples
were sputtered with gold-palladium alloy (Polaron SC
7620 Sputter Coater, Technologies Quorum, Newhaven,
United Kingdom) for 130 s, with a current of 10-15 mA,
130 mTorr vacuum, plate rate: 3.5 nm/min, and Pd-Au
layer of about 80 A. SEM (Inspect S50, FEI Company,
Brno, Czech Republic) was operated on 15kV.

Statistical analysis

After evaluating data homogeneity and normality
(Kolmogorov-Smirnoff), flexural strength data was
subjected to Weibull, two-way ANOVA and Tukey
test (a = 0.05). Hardness results were submitted
to two-way ANOVA and Fisher’s tests (o = 0.05).
The data were statistically analyzed with Statistix
9 software (Statistix 9.0) and Minitab software
(Minitab 17 for Windows, 2004). XRD and SEM data
were analyzed qualitatively.

Results

Flexural strength

Two-way ANOVA (Table 1) showed that neither
“number of pressings” (p=0.085) nor “mechanical
cycling” (0.055) significantly affected flexural
strength. The reliability of the groups was evaluated
through Weibull analysis. According to chi-square
and Bonferroni 95% tests, the Weibull moduli (m)
and characteristic strength (c,) of the groups were
statistically different (Table). This data indicated
that CM2 specimens presented improved structural
homogeneity, and thus a more predictable performance
until failure, but were statistically similar to C2, C3,
and CMI1. The worst reliability data occurred for
CM3 and for the control group.
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Hardness

Two-way ANOVA showed significant difference
for the interaction “Number of pressings * Mechanical
Cycling”, with p = 0.016 (Table 1). According to Fisher’s
test (Table), the control group (C1) presented the
highest mean value (775.8), statistically similar to
C3, CM2 and CM3.

XRD

According to XRD, the major peaks observed
for all groups were from potassium aluminum
silicate (Leucite) (Figure 1) at 28 degrees. The graphs
show that the crystalline phase did not change after
multiple firings.

SEM

According to surface micrographs od specimens
without acid etching (230x), the group with one heat-
press was visually more porous (Figure 2). Surface SEM
images showed that all groups presented porosities
after conditioning with 10% hydrofluoridric gel
(7000 x). However, qualitative analysis of the group
submitted to three heat-pressings seemed to have
a higher number of pores. The presence of more
leucite crystals was also observable after two and
three pressings (Figure 3).

Discussion

The results demonstrated that repeatedly pressing
PMO9 created a microstructure with fewer defects,
without influence on flexural strength. In the short-
term, one heat-press resulted in the highest mean value
for hardness. However, in the long-term, there was no

influence from the number of pressings. Therefore, the
hypothesis that repeated pressing does not influence
the mechanical properties or the microstructure was
not accepted given that although a decreased number
of pores and an increased number of leucite crystals
maintained the flexural strength and the hardness,
hardness decreased after mechanical aging with
only one pressing,.

Increasing the number of pressings seemed to
have better condensed the material decreasing the
number of pores (Figure 2), but this change did not
result in flexural strength differences. It is known that
ceramics have residual stress from manufacturing
and that reprocessing may relieve this stress. Studies
have shown that flexural strength also depends on the
ceramic surface finishing and the correct beveling of
the edges, such as done in this study."'** No change
in flexural strength was observed in previous studies
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Figure 1. XRD graphs of C1, C2, and C3 groups. Asterisks
represent the predominant peak of leucite.

Table. Means and standard deviation (SD) of mechanical properties of the groups. Characteristic strength (50), Weibull modulus
(m) and respective coefficient intervals (Cl), and correlation for flexural strength.

Flexural strength

Group
Mean (SD) m (p < 0.001) Cl

Cl 130.5 (38.9) 4.458 3.51-5.65
C2 147.7 (31.7) G, 12" 4.61-8.11
C3 121.3 (18.6) 7.8248 5.73-10.69
CM1 142.1 (28.5) (@), 1] 415 4.42-8.53
CM2 151.0 (19.2) 9.58* 7.00-13.0
CM3 143.8 (38.3) 4.218 2.77-6.40
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Weibull Hardness

6,p<0.000 Cl Corr Mean (SD)
1428 125-160 0.94 775.83 (17.2
158~ 144-173 0.91 663 (92.6)°
1288 120-138 0.96 701.2 (82.2y%
1524 139-166 0.95 671.7 (82.3)®
1584 150-168 0.96 735 (45.5)8
1584 139-179 0.97 751.7 (101.7)%®



Figure 2. Representative SEM images of fracture surfaces from
A) C1; B) C2, and C) C3 groups. Several pores are seenin C1.

for other leucite-reinforced and lithium disilicate glass
ceramic (Ivoclar-Vivadent, Schaan, Liechtenstein)."**
However, the mean biaxial flexural strength of
feldspathic or lithium disilicate ceramics were not
significantly decreased with multiple pressings. In
this study, when the samples were reprocessed and
submitted to mechanical cycling, the performance was
similar to those that were only reprocessed, endorsing
the possibility of recycling this material. No data is

Dal Piva AMO, Barcellos ASP, Bottino MA, Souza ROA, Melo RM ™

available for direct comparison to the mechanically
cycled groups. A previous study evaluated the effect
of number of firings on flexural strength and hardness
of different veneer ceramics, suggesting that higher
mean values of flexural strength and hardness could
be related to lower porosity and higher density after
several firings.™> However, the procedure of re-injection
or pressing was not studied in that paper.

Weibull analysis was used for assessing the
structural reliability according to the number of
pressings and aging. The present results disagree
with a recent study® that affirmed that a second firing
may promote a less homogeneous structure. On the
contrary, two and three pressings before mechanical
cycling seemed to improve the homogeneity as a higher
Weibull modulus indicates less variation in the size,
amount, and distribution of defects in the material.®
Thus, it is also important to perform the moduli
comparison to detect differences in reliability,**>2*2*
although a sample size higher than 15 (preferably 30)
isrecommended to decrease the uncertainties.?® Also,
Weibull analysis showed statistically lower mean
values in strength for C1 and C3, which was the
stress at which 63% of the specimens failed.

The hardness test showed that the control group
(without repeated pressing) presented the highest
mean values, but values were statistically similar to
(3, CM2, and CM3. The literature is not clear about the
effects of repeated pressing on the hardness of other
ceramics. For a heat-pressed lithium disilicate, the
Vickers hardness decreased with the increased number
of pressings, but without statistical significance.™
Herein, two pressings decreased material hardness,
but three pressings provided hardness similar to
the control group. For aged samples, there was
no difference between the groups. Another study
evaluated the number of firings in veneer ceramics
and showed that Vickers hardness was significantly
higher for VM9 fired up to 10 times."> However, the
reason for this remains unclear. It is important to
notice that repeated processing promoted durable
hardness values.

XRD demonstrated that leucite was present in all
groups with no difference among them, although
the peak intensities were not quantified in our
study. Also, the glass matrix phase was detected

Braz. Oral Res. 2018;32:€106 5
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Figure 3. Micrographs (7000x) with secondary electron detectors (ETD - Everhart Thornley Detector) and back-scattered electron detector
(BSED) of a representative sample from (A and D) C1, (B and E) C2 and (C and F) C3 groups. White arrows indicate leucite grains.
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as an amorphous phase. No additional phase was
observed and peaks remained unchanged with
repeated processing, as observed in a previous study."*
According to SEM images (Figure 3), microcracks
were present in the glass matrix in the beginning
for all groups. A quantitative analysis is necessary to
determine the number and size of leucite grains and
the size of microcracks after two and three processing
cycles. The increased defects can be justified by the
thermal expansion mismatch of leucite grains and
glass matrix during cooling.”® On the other hand,
increase in grain size and in secondary crystals due to
recrystallization of the crystals at specific temperatures
during repeated pressing may have occurred.* This
canjustify the increase in the number of leucite crystals
according to the number of injections observed on
the qualitative SEM (Figure 3). In the present study,
the free spaces were possibly decreased due to crystal
growth or because residual glass phase occupied the
pores left by the previous injection. A more uniform
microstructure and leucite crystal size can thus be
related to the increase in biaxial flexural strength.?

In this study, all samples were submitted to aging
by mechanical fatigue to investigate the influence of
the number of pressings on the long-term mechanical
properties. The aging protocol followed a recently
published paper that studied the effects of simulated
mechanical cycling on a glass ceramic.” The authors
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