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_RESUMO

O proposito deste estudo “in vitro” foi avaliar a influéncia do
preaquecimento e ativacdo de agentes de fixagdo através de blocos ceramicos
sobre suas propriedades fisicas. Para tanto, os agentes cimentantes RelyX Arc
(RXA; 3M/ESPE), RelyX Ultimate (RXU; 3M/ESPE), RelyX Veneer (RXV;
3M/ESPE) e Filtek Z350 Flow (FLK; 3M/ESPE) foram manipulados com diferentes
temperaturas (23°C ou 54°C), inseridos em matrizes de silicone especificas
(cilindricas: 5x0,5mm ou ampulheta: 0,5mm de espessura, 8mm de comprimento,
4mm de largura e 1,5mm de constricdo, de acordo com a metodologia dos testes
realizados) e fotoativados sob discos ceramicos de dissilicato de litio (IPS e.max;
lvoclar Vivadent, Barueri, SP, Brasil), cor A2, nas espessuras de 0,75mm ou
1,5mm. A fotoativagdo foi realizada posicionando a extremidade do aparelho

fotoativador sobre o disco ceramico, para tal foi utilizado o LED Bluephase 16i

(Vivadent, Burs, Austria), com irradiancia de 1519 mW/cmz, por 40 segundos.
Foram confeccionadas 128 amostras cilindricas (n=8) e realizados os testes de
grau de conversdao (GC) por meio da espectroscopia FT-IR. Estes mesmos
espécimes foram levados ao microdurdmetro para a mensuragéo da dureza Knoop
(DK) na superficie de topo e logo apés, foram imersos em solugdo de élcool
absoluto por 24 h, e entdo foi realizada uma nova leitura de DK para a obtencao
do percentual de reducdo de dureza e mensuracdo indireta da densidade de
ligacbes cruzadas (DLC) dos materiais. Foram confeccionadas novas amostras
em formato de ampulheta (n=8) que foram utilizadas para o teste de resisténcia
coesiva a tracéo (RCT), realizado em maquina de ensaio universal. Para os testes
de sorcdo de agua (SA) e solubilidade (S) dos agentes de fixagdo, foram
necessarios novos espécimes cilindricos (n=8) que foram pesados em balanca
analitica até obtencédo de massa constante. Os dados foram analisados utilizando-
se ANOVA trés fatores e teste de tukey (a=0,05). Com relagédo as espessuras de
ceramica testadas, a menor espessura de ceramica proporcionou maiores valores
de DK (p=0.027). A menor temperatura (23°C) proporcionou maiores valores de
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SA (p=0.0229) e S (p=0.0257). Também houve diferenca estatistica para o fator
cimento, sendo que para GC, RXA apresentou os maiores valores, seguido dos
agentes cimentantes RXV, RXU e FLK. Para o teste de DK e DLC, RXU
apresentou os maiores valores, seguido de RXA, RXV e FLK. Para o teste de
RCT, RXA apresentou os maiores valores, seguido por RXV, RXU e FLK. Para SA
e S, RXV apresentou os maiores valores, seguido por RXA, RXU e FLK. Pode-se
concluir que o preaquecimento diminuiu nos resultados de sorcao de agua e
solubilidade; a maior espessura de ceramica diminuiu apenas a microdureza
superficial, e que as propriedades fisicas dos materiais sdo dependentes da

composicao dos mesmos.

Palavras-chave: Temperatura ambiente. Cimentos de resina.
Polimerizagdo. Testes de dureza.
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ABSTRACT

The purpose of this "in vitro" study was to evaluate the influence of
preheating on the physical properties of a luting agent photoactivated through
ceramic discs. The cements: RelyX Arc (RXA, 3M / ESPE), RelyX Ultimate (RXU;
3M / ESPE), RelyX Veneer (RXV; 3M / ESPE), and Filtek Z350 Flow (FLK; 3M /
ESPE) were manipulated using different temperatures (23°C or 54°C), inserted in
specific silicone matrices (cylindrical: 5x0.5mm or hourglass: thickness 0.5 mm, 8
mm in length, 4mm wide and a 1.5mm constriction, according to the methodology
of testing) and photoactived under lithium disilicate ceramic discs (IPS e.max,
Ilvoclar Vivadent, Barueri, SP, Brazil) color A2, in thicknesses of 0.75 mm or 1.5
mm. Photoactivation was carried out by positioning the end of the curing unit on

the ceramic disk. A Bluephase 16i (Vivadent, Birs, Austria), with an irradiance of

1519 mW / cm2, was used for 40 seconds to cure the specimens. One hundred
twenty-eight cylindrical samples were prepared (n=8) and the degree of conversion
tests (DC) were performed using FT-IR spectroscopy. The samples were taken to
a Knoop hardness tester (KHN) for microhardness testing on the top surface. After
the initial testing, the specimens were dipped in absolute ethanol solution for 24 h,
and then a new KHN reading was performed to obtain the hardness reduction
percentage and the crosslink density (CLD) indirect measurement of the material.
New samples were prepared with an hourglass shape (n=8) and were used for the
ultimate tensile strength (UTS) testing, performed in a universal testing machine.
For the water sorption test (WS) and solubility (S) of the luting agents, new
cylindrical specimens (n=8) were required which were weighed on an analytical
balance until a constant mass was obtained. The data was analyzed using three-
way ANOVA and Tukey’s test (a=0.05). Regarding the tested ceramic thicknesses,
the thinnest ceramic gave higher values of KHN (p=0.027). The lowest temperature
(23°C) gave higher S (p=0.0257) and WS (p=0.0229) values. There was also a
statistically significant difference for cement factor, where RXA showed the highest



values for DC, followed by RXV, RXU and FLK. For the KHN and CLD tests, RXU
showed the highest values, followed by RXA, RXV and FLK. For the UTS test,
RXA showed the highest values, followed by RXV, RXU and FLK. For WS and S,
RXV showed the highest values, followed by RXA, RXU and FLK. It can be
concluded that pre-heating decreased the results of water sorption and solubility;
the biggest ceramic thickness decreased only superficial microhardness, and the

physical properties of the material are dependent on the composition thereof.

Key words: Temperature. Resin cements. Polymerization. Hardness
tests.
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INTRODUCAO

As facetas ceramicas promovem estética superior quando comparadas
aos compositos e podem proporcionar alta resisténcia e estabilidade de cor aos
dentes restaurados, desde que estejam adequadamente unidas a estrutura dental
remanescente (Peumans et al., 2000). Assim, o uso de materiais cerdmicos na
Odontologia representa uma interessante alternativa de tratamento em casos nos
quais o fator estético é preponderante e condicional para o sucesso clinico.

Para promover a unido entre a peca protética e a estrutura dental é
necessaria a utilizacdo de um agente de fixacdo. Os cimentos resinosos sdo 0s
materiais de escolha para a cimentagdo por promoverem unido duravel entre
estrutura dentaria e restauragédo indireta, alcancar dureza adequada logo apds
ativacao, apresentar baixa sorcdo de agua e solubilidade e manter a integridade
marginal, com o proposito de atender o0s requisitos necessérios para a
longevidade das restauragdes (Kumbuloglu et al., 2004, Gerdolle et al., 2008,
Knobloch et al., 2000).

Os agentes de fixacao podem ser classificados em trés categorias de
acordo com o método de polimerizagdo: ativados quimicamente (a partir da
mistura de um ativador e um iniciador), ativados fisicamente (por uma fonte de

luz), ou de dupla ativagao (quimica e fisica) (el-Mowafy et al., 1999).

Os cimentos resinosos ativados quimicamente sdo apresentados em
duas pastas, uma contendo o iniciador (peréxido de benzoila) e a outra o ativador
(amina terciaria) (Anusavice, 2005). A polimerizacdo dos cimentos resinosos
ativados quimicamente inicia-se a partir da mistura das duas pastas, o que faz
com que haja uma perda de controle do tempo de trabalho, que pode dificultar as
etapas clinicas de cimentacéo.

Em contraposi¢cdo, os cimentos ativados fisicamente permitem maior
controle sobre o tempo de trabalho do material, visto que a reagdo de

polimerizacdo sé tem inicio quando o fotoiniciador & expostoa luz com



comprimento de onda especifico. Quando isto acontece, fétons sdo absorvidos
pelo fotoiniciador, que entra no "estado tripleto" ou estado reativo. Caso o
fotoiniciador, nesse estado reativo, colida com uma amina, havera a formagao de
radicais livres, que tenderdo a buscar ligagdes com as unidades monoméricas,
quebrando as ligagées duplas de carbono das mesmas (Price et al., 2003). A
reacao de polimerizacao constitui-se na quebra das ligacées duplas do monémero,
seguida pela ligacdo com outros monémeros, resultando em uma molécula de
unidades monoméricas repetidas, ou polimero. Porém, estes materiais possuem
limitada profundidade de polimerizacao, pois a luz é absorvida e dispersada a
medida que passa pelas estruturas dentais ou pela restauracao indireta, podendo
causar uma polimerizacéo incompleta (Haddad et al., 2011).

Os cimentos resinosos de dupla ativagdo buscam unir em um mesmo
produto, propriedades desejaveis provenientes dos tipos de polimerizacdo quimica
e fisica. Consistem em duas pastas, uma contendo o iniciador e outra o ativador;
além disso, moléculas fotossensiveis estao presentes em uma ou em ambas as
pastas (Pegoraro et al., 2007). Ap6s a mistura do material, inicia-se a ativacéao
quimica por meio da interacdo da amina com o peréxido de benzoila; e com a
fotoativacao, da-se inicio a ativacao fisica, por meio da interacdo da amina com a
canforoquinona (Braga et al., 2002).

Sendo assim, os materiais de dupla ativacdo foram desenvolvidos para
compensar a falta de polimerizagdo na auséncia de luz, ou com luz atenuada
possibilitando, assim, a indicacdo desses materiais em diferentes situagdes
clinicas, como na fixagdo de pinos de fibra e de restauragdes indiretas (Di
Francescantonio et al., 2013).

Porém, os cimentos resinosos duais e quimicos podem alterar a cor
original devido a oxidacdo da amina terciaria, o que pode Ilevar ao
comprometimento estético, especialmente nos casos de facetas laminadas

ceramicas. Para contornar esse problema tem-se sugerido a cimentacdo dessas



facetas com resina composta de baixa viscosidade (“flow”) ou cimentos resinosos
fotoativados (Magne et al., 2003; Archegas et al., 2011).

Quando um material é ativado através de blocos ceramicos, a
irradiancia de luz emitida pelo aparelho fotoativador diminui com o aumento da
espessura do material ceramico (Kilinc et al., 2011; Jung et al., 2006). Assim, a
irradiacdo efetiva que atinge o cimento resinoso sob o material cerdmico é
reduzida a graus diferentes, dependendo da irradiagdo de luz, da unidade de
emissao e da espessura e opacidade da ceramica (Flury et al., 2013).

Com o objetivo de contornar essa atenuacao de intensidade de luz e
consequente diminuicdo de conversdao dos monémeros, pesquisas sugerem que
seja realizado o preaquecimento dos agentes de cimentacdo. O aumento na
temperatura previamente a polimerizagéo pode promover maior movimentagédo de
radicais livres e elevar as taxas de conversdao (Cook, 1992; Lovell et al., 2001;
Oliveira et al., 2012).

Sendo assim, o aumento da temperatura de agentes de fixagcao
resinosos previamente a cimentagdo de pecas protéticas pode ser uma opgéo
consideravel para promover melhor polimerizagdo destes materiais. Entretanto,
pesquisas tém sido realizadas apenas com materiais de dupla ativagcao (Oliveira et
al., 2012; Franca et al., 2011, Cantoro et al., 2008). Assim, torna-se interessante
avaliar também o comportamento de materiais fotoativados, quando aquecidos e
ativados através de blocos ceramicos.

Dessa forma, o objetivo deste trabalho foi avaliar, “in vitro”, as
propriedades fisicas de diferentes agentes cimentantes quando estes materiais
foram ou n&o preaquecidos e fotoativados indiretamente, variando a espessura da

ceramica.



CAPITULO 1

Influence of pre-heating on the physical properties of luting agents
photoactivated through different ceramic thicknesses

Objective: Evaluate the influence of different ceramic thicknesses and
preheating in physical properties of the luting agents. Methods: two dual cements
(RelyX Arc - RXA; RelyX Ultimate - RXU) and two photoactivated cements (RelyX
Veneer — RXV; Filtek Z350 Flow - FLK) were handled at different temperatures
(23°C or 54°C), inserted into a matrix and photoactivated under ceramic disks
(0.75mm or 1.5mm thick). The following tests were performed (n=8): degree of
conversion (DC), Knoop Hardness (KHN), crosslink density (CLD), water sorption
(WS), solubility (S) and ultimate tensile strength (UTS). Data were analyzed using
three-way ANOVA and Tukey’s test (0=0.05). Results: Regarding the tested
ceramic thicknesses, the thinnest ceramic provided higher values of KHN
(p=0.027). The lowest temperature (23°C) provided higher S (p=0.0257) and WS
(p=0.0229) values. There was also a statistical difference for material factor, RXA
showed higher DC and UTS, followed by luting agents RXV, RXU and FLK. For
KHN and CLD tests, RXU showed the highest values, followed by RXA, RXV and
FLK. For WS and S, RXV showed the highest values, followed by RXA, RXU and
FLK. Conclusion: Pre-heating interfered on WS and S, the ceramic thickness
interfered only on KHN, and the dual cements showed better performance in
almost physical properties tested.

Clinical Significance: Composition and activation form of luting agents
is an important factor for determining their physical properties. Conversely, pre-
heating of a luting agent and ceramic thickness have little influence on the physical
properties of luting agents.

Key-words: temperature, resin cement, hardness tests, degree of

conversion.



1 Introduction

In recent years, ceramic restorations have been frequently used due to
their excellent esthetics, biocompatibility and long-term stability.! However, the
luting agent may not polymerize properly due to attenuation of the optical power of
light, caused by the interposition of ceramic between the photo-curing unit and the
resinous material.?

The difficulty of achieving effective activation through indirect
restorations is a major discussion that revolves around the use of light-cured luting
agents. Since these materials are only physically activated, there is a decrease in
monomer conversion efficiency in situations of lowered irradiance reaching the
resinous material.® Factors such as ceramic opacity, color and thickness may
negatively interfere with light transmission through indirect restorative materials.?

The chemical activation present in dual cements could compensate for
the attenuation of light passing through a ceramic material, improving monomer
conversion rates and material properties.* However, these dual agents contain a
greater amount of amines. When these components oxidize, there is a significant
color change of the luting agent, resulting in compromised esthetics of the
restorative procedure.®

Thus, the use of light-curing luting agents should be considered in cases
where esthetics is paramount, as long as they are restricted to adhesive
procedures of thinner restorations, such as laminated ceramics and veneers.%’

Previous studies have suggested that increased temperatures of
resinous materials, ranging of 50°C to 60°C, could result in improved conversion
rates, regardless of the polymerization conditions.®'® However, most studies were
directed at dual luting agents, so it is of great importance to study the behavior of
the physically activated materials with regards to temperature change.

Therefore, the aim of this "in vitro" study was to evaluate the influence of
pre-heating and ceramic thickness on the degree of conversion (DC),
microhardness (KHN), crosslink density (CLD), ultimate tensile strength (UTS),
water sorption (WS), and solubility (S) of different resinous materials. The



hypotheses tested were: (1) pre-heating of luting agents would improve their

physical properties, (2) the ceramic thickness would interfere on the physical

properties of the luting agents and (3) the monomeric composition would influence

physical properties of the tested materials.

2 Materials and methods

2.1 Preparation of samples

The materials used in this study were RelyX Arc (RXA), RelyX Ultimate

(RXU), RelyX Veneer (RXV) and Filtek Z350 Flow (FLK). Details of the materials

are presented in Table 1.

Table 1. Composition of luting agents.

MATERIAL (MANUFACTURER)

RelyX ARC (3M ESPE, St. Paul, MN, USA)
Batch: N549059
Color: A1

Dual polymerization

RelyX Ultimate (3M ESPE, Neuss, Germany)
Batch: 515836

Color: A1

Dual polymerization

RelyX Veneer (3M ESPE, St. Paul, MN, USA)
Batch: N530303

Color: A1

Physical polymerization

Filtek Z350 Flow (3M ESPE, St. Paul, MN, USA)
Batch: N531664

Color: A1

Physical polymerization

COMPOSITION

Paste A: Silane Treated Ceramic, Triethylene Glycol Dimethacrylate (TEGDMA), Bisphenol A
Diglycidyl Ether Methacrylate (BISGMA), Silane Treated Silica, Functionalized Dimethacrylate Polymer,
Triphenylantimony.

Paste B: Silane Treated Ceramic, Triethylene Glycol Dimethacrylate (TEGDMA), Bisphenol A
Diglycidyl Ether Methacrylate (BISGMA), Silane Treated Silica, Functionalized Dimethacrylate Polymer, 2-

Benzotriazolyl-4-Methylphenol, Benzoyl Peroxide.

Base Paste: Silane Treated Glass 2-Propenoic  Acid,
(Hydroxymethyl)-1,2-Ethanediyl] With

Dimethacrylate and Phosphorus Oxide, Triethylene Glycol Dimethacrylate (TEGDMA), Silane Treated

Powder, 2-Methyl-, 1,1'{1-

Ester, Reaction Products 2-Hydroxy-1,3-Propanediyl
Silica, Oxide Glass Chemicals, Sodium Persulfate, Tert-Butyl Peroxy-3,5,5-Trimethylhexanoate, Copper
(I1) Acetate Monohydrate.

Catalyst Paste: Silane Treated Glass Powder, Substituted Dimethacrylate, 1,12-Dodecane
1-Benzyl-5-Phenyl-Barbic-Acid, Calcium Salt, Sodium P-

Toluenesulfinate, 2-Propenoic Acid, 2-Methyl-, [(3-Methoxypropyl) Imino]di-2,1-Ethanediyl Ester, Calcium

Dimethycrylate, Silane Treated Silica,

Hydroxide, Titanium Dioxide.

Silane Treated Ceramic, Triethylene Glycol Dimethacrylate (TEGDMA), Bisphenol A Diglycidy!
Ether Methacrylate (BISGMA), Silane Treated Silica, Functionalized Dimethacrylate Polymer, Ethyl 4-
Dimethyl ~ Aminobenzoate = (EDMAB), Benzotriazol,

Diphenyliodonium  Hexafluorophosphate,

Triphenylantimony.

Silane Treated Ceramic, Bisphenol A Diglycidyl Ether Methacrylate (BISGMA), Triethylene
Glycol Dimethacrylate (TEGDMA), Silane Treated Silica, Silane Treated Zirconium Oxide, Bisphenol A
Polyethilene Glycol Diether Dimethacrylate (BISEMAB), Functionalized Dimethacrylate Polymer.



The RXA and RXU resin cements had their base pastes and catalysts
equally distributed on hand mixing paper placed on a glass plate. The materials,
glass plate, and spatula were then heated to 54°C in a digital bacteriological
incubator (Model 502, Fanem, Guarulhos, SP, Brazil) or kept at room temperature
(23°C), according to the study groups. The temperature stabilization time was 1h
for the preheated groups and the groups kept at room temperature. After this
period, RXA and RXU were hand mixed for 15s and then immediately placed into a
cylindrical silicone mold (5x0.5mm) or an hourglass shaped matrix (0.5 mm in
thickness, 8 mm long, 4 mm wide and 1.5mm constriction), according to the
methodology used. For the RXV and FLK materials, which do not require hand
mixing, a portion of material was placed on hand mixing paper and glass plate at
54°C or 23°C for 15s prior to insertion into the silicone mold. The temperature of
the luting agents was controlled using an infrared digital thermometer (Scan Temp
ST-600, Incoterms, Porto Alegre, RS, Brazil).

Following material placement into the silicone matrix, a polyester strip
and a lithium disilicate ceramic disk (IPS e.max, Ivoclar Vivadent, Amherst, NY,
USA), A2 color and a thickness of 0.75mm or 1.5mm, were placed on top. The
polymerization was carried out for 40s by positioning the tip of an LED curing unit
(LED Bluephase 16i; Vivadent, Burs, Austria) on the ceramic disc. The irradiance
(1519 mW/cm?) of the device was measured using a power meter (Opbhir
Optronics, Har-Hotzvim, Jerusalem, Israel), divided by the tip-area calculated using
a digital caliper (Mitutoyo South American, Suzano, SP, Brazil). The interposition of
a ceramic disc with a thickness of 0.75 mm attenuated light irradiance to
756mW/cm?, whereas the thickness of 1.5mm to 636mW/cm?.

The samples were stored in specific plastic wells and maintained at
37°C for 24h in a dark container to prevent the passage of light.

2.2 Degree of conversion
The cylindrical samples used for DC (n=8) were polished with P2500
and P4000 abrasive paper (Buehler Inc., Lake Bluff, Il, USA) for 40s for each



sandpaper and then brought to the Fourier transformed infrared spectrometer (FT-
IR) (Spectrum Optics 100, Perkin Elmer, MA, USA) to obtain the absorbance
spectrum using an attenuated total reflectance device (ATR).

The materials were placed on the horizontal face of the ATR and
absorption spectra of polymerized and unpolymerized material were obtained in
the region between 1800 and 1400 cm™' with 16 scans and 4 cm™' of resolution.
The DC was calculated by the ratio (R) between the peak height of the aliphatic
C=C (1638 cm™) and aromatic groups (1608 cm™) of polymerized and
unpolymerized material, according to the formula:

DC (%)= [1- (R polymer / R monomer)] x 100.

2.3 Knoop microhardness

After obtaining DC, the samples (n=8) were taken to a microhardness
tester (Model S-HMV, Shimatzu, Kyoto, Japan) using a diamond pyramid indenter
to KHN readings on the top surface. The load used was 25g for 10s. Five
indentations were performed, one in the center and the others at a distance of 100
pm from the central indentation. The average of the five indentations was

calculated for each sample.

2.4 Cross-link density

The crosslinking was indirectly evaluated by the percentage of reduction
on microhardness (% MHred) following storage in absolute ethanol. After the initial
KHN (MHi) reading, all specimens were immersed in 100% ethanol for 24h. After
this period, the samples were removed from the solution, dried, and stored at 37° C
for 24h. Then, a second microhardness (MHf) reading was performed. The CLD
was calculated using the following formula:

%MHred =100 — [(MHf X 100) / MHi].



2.5 Ultimate tensile strength

Samples were manufactured in an hourglass shape (n=8) and were
fixed on a Geraldeli device using cyanoacrylate gel (Super Bonder gel, Loctite) so
that they could be tensioned in the universal testing machine, EZ Test (Shimadzu,
Kyoto, Japan) at a constant speed of 1 mm/min until rupture. Before testing, the
cross sectional area of the fracture place was measured using a digital caliper
(Mitutoyo South American, Suzano, SP, Brazil). The UTS results were calculated
by dividing the fracture load value (N) by the surface area (mm?) and were
expressed in MPa.

2.6 Water sorption and solubility

Water sorption and solubility were carried out in accordance with I1ISO
4049 (2009), except for sample dimensions, photoactivation protocol, and number
of samples. New cylindrical samples were fabricated (n=8) and submitted to initial
desiccation in silica gel to remove the remaining water. The specimens were
weighed daily in a high-precision analytical balance (Shimadzu AUW220D, Kyoto,
Japan) to obtain a constant mass (m1), indicated by a variation in weight lower
than = 0.01 mg for three successive weightings. The initial diameter and thickness
were measured at four equidistant points using a digital caliper. These
measurements were used to calculate the sample volume in mm3. After that,
samples were immersed in 1.5 mL of distilled water and stored at 37¢ C, where
they remained for seven days. After this period, samples were washed and dried
with paper towels, and they were weighed using an analytical balance to obtain the
mass (m2). The samples were again placed in a desiccator with silica gel at 37° C
until a constant mass (m3) was achieved. The WS and S values were calculated in
pg/mms? using the following formula: WS = (m2-m3)/v and S = (m1-m3)/v.

2.7 Statistical Analysis
The experimental design of this study consisted of 3 factors: material (4
levels: RelyX Arc, RelyX Ultimate, RelyX Veneer and Filtek Z350 Flow), ceramic



thickness (two levels: 0.75 mm and 1.5 mm), and temperature (two levels: 23° C
and 54° C). The response variables: DC, KHN, CLD, UTS, WS, and S were
analyzed by three-way analysis of variance (ANOVA) and Tukey's test (a=0.05).

3 Results

3.1 Degree of conversion

The DC results are shown in Table 2. The temperature (p>0.05) and
ceramic thickness (p=0.239) did not influence the DC values for all materials.
Regarding materials, there was a statistical difference (p<0.001); RXA showed
higher DC, followed by RXV, RXU and FLK. RXU and FLK showed no significant

differences between them (p>0.05).

Table 2. Degree of conversion (standard deviation) according to material, temperature
and ceramic thickness.

RelyX Arc RelyX Ultimate RelyX Veneer Filtek Flow
54°C 23°C 54°C 23°C 54°C 23°C 54°C 23°C
0.75 82.95 83.92 67.45 65.81 76.92 74.56 63.21 65.59
mm (4.83) (4.33) (4.62) (5.29) (5.92) (4.03) (5.15) (3.41)
82.50 85.61 63.99 63.92 75.67 74.13 61.63 64.36
1.5mm (6.34) (5.49) (6.39) (4.92) (5.09) (6.03) (4.30) (4.98)
A C B C

Different letters distinguish luting agents (p<0.001). There was no statistical difference
in the thickness factors (p=0.239) and temperature (p>0.050).

3.2 Knoop microhardness

The KHN results are shown in Table 3. The temperature did not
influence the KHN values for all materials tested (p=0.099). Regarding ceramic
thickness, a statistical difference (p=0.027) was found, whereas the thinnest
ceramic (0.75 mm) showed higher microhardness values when compared to the
1.5mm thickness. Regarding material, there was a statistical difference (p<0.001),
where RXU showed the highest KHN values, followed by RXA, RXV and FLK. RXV
and FLK showed no statistically significant differences between them (p>0.05).
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Table 3. Microhardness (standard deviation) according to material, temperature and
ceramic thickness.

RelyX Arc RelyX Ultimate RelyX Veneer Filtek Flow
54°C 23°C 54°C 23°C 54°C 23°C 54°C 23°C
73.94 75.51 81.17 78.79 68.28 69.24 67.72 67.4
0.75 mm (4.88) (4.84) (4.17) (4.77) (4.45) (3.68) (2.99) (2.43) a
72.84 74.22 77.96 80.14 62.89 67.13 65.40 67.86
1.5 mm (4.65) (3.51) (6.89) (3.42) (6.46) (2.75) (2.46) (3.24) b
B A C C

Different letters (uppercase and lowercase horizontally vertically) distinguish the
cement factor (p<0.001), from the thickness factor (p=0.027). There was no statistical difference for
the temperature factor (p=0.099).

3.3 Crosslink density

The CLD results were presented by the material hardness reduction
percentage and are shown in Table 4. The temperature (p>0.05) and ceramic
thickness (p=0.1127) factors did not affect the values of CLD for all materials.
Regarding material, there was a statistical difference (p<0.001), where RXV
showed the highest hardness loss values. FLK obtained similar values to RXV and
RXA. RXU showed the lowest hardness loss after immersion in alcohol. RXA was
statistically similar to RXU and FLK.

Table 4. Microhardness loss percentage (standard deviation) according to material,
temperature and ceramic thickness.

RelyX Arc RelyX Ultimate RelyX Veneer Filtek Flow

54°C 23°C 54°C 23°C 54°C 23°C 54°C 23°C

0.75mm 17.78(7.76) 21.13(7.16) 18.28(7.93) 13.74(6.89) 33.44(8.65) 27.09(8.75) 25.30(12.62) 20.09(10.72)
1.5mm 15.69(7.54) 19.44(8.18) 15.10(5.77) 14.42(5.90) 20.55(11.15) 23.97(8.67) 20.48(6.16) 20.51(9.44)

BC C A AB

Different letters distinguish among themselves for the cement factor (p<0.001). There

was no statistical difference in the thickness factors (p=0.1127) and temperature (p>0.050).

3.4 Ultimate tensile strength

The UTS results are shown in Table 5. The temperature (p=0.088) and
ceramic thickness (p>0.05) showed no statistical difference for UTS. Regarding
material, RXA showed the highest values (p<0.001), followed by RXU and FLK.
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RXV was statistically similar to the other materials tested. RXU and FLK showed
no significant differences between them (p>0.05).

Table 5. Ultimate tensile strength (standard deviation) according to material,
temperature and ceramic thickness.

RelyX Arc RelyX Ultimate RelyX Veneer Filtek Flow
54°C 23°C 54°C 23°C 54°C 23°C 54°C 23°C
81.52 94.25 65.21 78.25 79.66 79.23 70.05 79.41
0.75mm  (16.60) (21.42) (8.96) (10.40)  (21.97)  (12.89) (12.82) (13.47)
100.55 85.27 67.50 76.21 77.86 88.27 66.81 68.39
1.5mm  (26.90) (27.19)  (11.29)  (12.16)  (14.42)  (15.28) (14.76) (7.08)
A B AB B

Different letters distinguish the luting agents (p<0.001). There was no statistical
difference in the thickness factors (p>0.050) and temperature (p=0.088).

3.5 Water sorption

The WS results are shown in Table 6. The ceramic thickness did not
affect WS values (p=0.212). Regarding temperatures, a statistical difference was
found (p=0.0229), where the lowest temperature (23° C) yielded higher water
sorption when compared to 54° C. Regarding material, there was a significant
difference (p<0.001), where RXV showed the highest WS values, followed by RXA,
RXU and FLK. RXU was statistically similar to RXA and FLK.

Table 6. Water Sorption (standard deviation) according to material, temperature and

ceramic thickness.

RelyX Arc RelyX Ultimate RelyX Veneer Filtek Flow
54°C *23°C 54°C *23°C 54°C *23°C 54°C *23°C
0.75mm 19.25(0.87) 19.32(0.36) 18.52(0.58) 18.82(0.32) 20.10(0.58) 21.03(0.45) 18.45(0.43) 17.99(0.68)
1.5mm 18.75(0.43) 18.82(0.39) 18.77(0.57) 18.78(0.40) 19.74(0.75) 20.93(0.93) 18.30(0.58) 18.25(0.86)

B BC A C
Different letters differ among themselves for the cement factor (p<0.001). *Differs the

temperature factor (p=0.0229). There was no statistical difference in the thickness factor (p=0.212).

3.6 Solubility
The S results are shown in Table 7. The ceramic thickness did not affect
S values (p=0.3019). Regarding temperatures, a statistical difference was found
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(p=0.0257), where the lowest temperature (23° C) yielded higher solubility when
compared to 54° C. There was also a significant difference (p<0.001) when
materials were compared. RXV showed the highest S values, followed by RXA,
RXU and FLK. RXU and FLK showed no significant differences between them
(p>0.05).

Table 7. Solubility (standard deviation) according to material, temperature and ceramic

thickness.

RelyX Arc RelyX Ultimate RelyX Veneer Filtek Flow

54°C *23°C 54°C *23°C 54°C *23°C 54°C *23°C

0,75mm  19.03(0.84) 19.08(0.38) 18.10(0.56) 18.37(0.54) 19.85(0.63) 20.72(0.45) 18.16(0.52) 17.90(0.65)
1,5mm  18.51(0.42) 18.60(0.38) 18.19(0.33) 18.38(0.41) 19.48(0.78) 20.64(0.94) 18.12(0.56) 18.06(0.85)

B C A C

Different letters differ among themselves for the cement factor (p<0.001). * Differs from
the temperature factor (p=0.0257). There was no statistical difference for the ceramic thickness
factor (p=0.3019).

4 Discussion

Some studies have recommended the pre-heating of resin-based
materials prior to their application.®'® The energy generated by the material pre-
heating increases the collision rate between non-reactive groups and free radicals,
which would result in a more complete polymerization reaction.%10.12

However, in this study there was no significant difference when the
materials were pre-heated for the DC, KHN, CLD, and UTS tests. These results
corroborate previous studies,' ' which found no difference for heating in relation
to monomer conversion, probably due to the rapid drop in temperature during
material handling and hand mixing. According to Daronch et al.'’, when a
compound is heated to 60° C and removed from the heat source, its temperature
drops 50% after 2 min and 90% after 5 min. In this study, after 15s of hand mixing
the materials, the temperature was measured and found to fall to 29.76°C for RXA,
28.9°C for RXU, 29.25°C for RXV and 29°C for FLK in the pre-heated groups.
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Moreover, very small amounts of the material were used for sample preparation,
which may have contributed to a rapid return to room temperature. 617

When considering the WS and S (Tables 6 and 7) means, there were
significant differences when comparing the temperatures of 23°C and 54°C. In
general, water sorption correlates itself by the interaction with groups susceptible
to hydrolytic degradation, such as ester (OC=0), ether (-O-), and hydroxyl (-OH)
present in monomers; by the characteristic three-dimensional polymer network
formed or by penetrating through the interfaces present between filler particles and
matrix.'®1® Probably this slight increase in temperature led to a small increase in
crosslink density of formed polymer sufficient to increase its hydrophobic character;
however, without significant improvements in the other properties tested. Thus, the
first hypothesis was patrtially accepted.

FLK showed lower WS, but was similar to RXU. According to the
manufacturer’s specifications, FLK contains the BiSEMA monomer which is less
hydrophilic than BisGMA (due to the absence of hydroxyl groups) and establishes
weaker hydrogen connections when it interacts with water molecules 20. In
contrast, RXU according to manufacturer's specifications, contains 1,12-

Dodecanediol Dimethacrylate (D3MA), monomer diluent of hydrophobic

characteristic that can be corroborated for the smaller amounts of water sorption
seen for this material.?°

For RXU and RXA, the WS values could be related to CLD (Table 4),
since the groups with the highest crosslink concentration, with a denser three-
dimensional network, also had lower WS.2" In contrast, RXV showed lower
crosslink density and higher water sorption. Furthermore, a relationship between
WS and S values was observed. Greater amounts of water absorbed caused
greater amounts of components to leach from the resin cement.??

Concerning ceramic thickness, there are reports in the literature that
propose the use of indirect restorations that are less than 2mm thick does not
compromise the DC of dual-curing resin cements.?*>?* For the materials with

physical polymerization, lower DC values would be expected based on the
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dimensions of the ceramic used. However, the lowest thickness used for testing
such materials, coupled with high irradiance of light emitted by curing device,
would probably resemble the DC of the tested materials in the current study.?®

However, according to results of this study, only KHN (Table 3) showed
a statistical difference when thicknesses were compared. The photoactivation
beneath a ceramic disc that is 0.75 mm thick resulted in higher KHN values when
compared to a disc that was 1.5mm thick. This may be related to the crosslink
density; although no difference was found concerning DC (Table 2), the monomer
composition and characteristics of the formed polymer network may have
determined the KHN properties of the material.?®27 The reaction rate also affects
the characteristics of the polymeric network, since quick photoactivation promotes
various growth centers, providing more covalent bonds between different chains. A
low polymerization rate for a chemical activation results in less growth centers,
forming a more linear polymer structure and a decreased KHN. Thus, polymers
with similar DC may have different crosslink densities and therefore different
KHN.28 Thus, the second hypothesis was also partially accepted.

Regarding the materials tested in the current study, RXU had lower DC,
but higher KHN and CLD values. Thus, one can assume that this material exhibited
rapid polymerization because of greater quantities of free radicals and growth
centers, resulting in a polymer with greater CLD and greater KHN.282% On the other
hand, the rapid formation of a crosslinked polymer network may limit the mobility of
free radicals and cause a significant concentration of remaining carbon double
bonds.?® Thus, there is the formation of heterogeneity sites from the start of
polymerization, resulting in high density polymer zones among unreacted
monomers and oligomers (microgels). The resulting polymer has a morphology
containing microgels entrapped in polymeric pellets that are connected to other
clusters 28, which might have contributed to a lower DC for RXU.

When considering UTS, RXU had lower values when compared to RXA
and similar values when compared to RXV and FLK, which can be explained by
the lower conversion obtained by this material. The sites of the material formed by
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monomers and oligomers (microgels) are weak points in the structure of the
material, which may have started rupturing during traction force, leading to lower
UTS values (Table 5).

Higher DC, CLD and UTS values were observed for RXA, while KHN
showed intermediate results. Regarding DC, RXA has equal proportions of
BisGMA and TEGDMA monomers, improving the monomer conversion. This is due
to increased mobility of the chain, offsetting the BisGMA rigidity with the TEGDMA
flexibility 30, and decreasing the amount of remaining double bonds, indicated by a
higher DC 3'. For UTS, the proportion of BisGMA monomer may had an influence
on the better results of this material, since BisGMA has high viscosity and
molecular weight, beyond the bulky aromatic groups in the central region of the
molecule, making a more rigid structure.3>33 On the other hand, the KHN of this
material was lower when compared to the other dual curing agent (RXU), which
may be related to structural heterogeneity of the polymer network formed by RXA
during polymerization.?®

With regards to the light cured materials, RXV and FLK had lower KHN,
due to light attenuation by the interposition of a ceramic disc, consequently
affecting their physical polymerization. FLK also had worse values for DC, UTS,
and CLD. RXV had a superior DC than FLK, due to the fact this material has an
activation  system of = camphorquinone+EDMAB+DFI  (diphenyliodonium
hexafluorophosphate salt), which may have provided this material with a better
conversion rate. A possible explanation for the improvement in DC for RXV by this
activation system is that camphorquinone transforms itself in its exciplex state,
formed with the onium salt, and it receives an electron. Thus, the salt decomposes
itself into phenyliodine and a free phenyl radical. The phenyl radical has the
potential to initiate the polymerization reaction of methacrylate monomers.
Furthermore, methacrylates radicals that are generated at that onset of
polymerization can cleave the carbon-iodine bond of the second product of salt
decomposition, phenyliodine or even salt. Thus, more radicals are generated,

promoting polymerization reaction.®* Hence, incorporation of the onium salt in the
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photoinitiator system may have yielded higher DC values and intermediate UTS
values for RXV when compared to the other physical activation system (FLK)
without the DFI. Considering that monomer composition interfered with the physical
properties of the tested materials, the third hypothesis was accepted.

With respect to the physical properties tested, the dual curing resin
cements generally obtained better results. However, due to their color change
established in the literature, it would be interesting to be able to choose cements
with physical light curing when cementing ceramic veneers.

5 Conclusion

Within the conditions of this study and according to results, it can be
concluded that pre-heating of luting agent at 54° C decreased the WS and S
properties of the materials, the ceramic thickness significantly affected only the
superficial microhardness results and the physical properties of the materials were
dependent on their composition.
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CONCLUSAO

De acordo com os resultados obtidos foi possivel concluir que:

O preaquecimento de agentes de cimentacdo a 54°C diminuiu a sor¢ao
de agua e solubilidade dos materiais testados.

O aumento na espessura da ceramica alterou significativamente apenas
os resultados de microdureza.

As propriedades fisicas dos agentes de fixagdo foram dependentes da

composicao dos mesmos.
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APENDICE

1. Metodologia ilustrada
1.1. Delineamento experimental
As unidades experimentais estao descritas a seguir:

o Agentes de fixagdo: RelyX Arc (RXA; 3M/ESPE), RelyX Ultimate
(RXU; 3M/ESPE), RelyX Veneer (RXV; 3M/ESPE) e Filtek Z350 Flow (FLK;
3M/ESPE) (figura 1A);

e Espessura da ceramica utilizada como anteparo para a fotoativacao

em 2 niveis: 0,75mm e 1,5mm (figura 1B);

e Temperatura utilizada para a manipulacdo dos agentes de

cimentacao em 2 niveis: 23°C e 54°C (figura 1C).

As variaveis de resposta foram: grau de conversao, microdureza Knoop,
densidade de ligagcdes cruzadas, resisténcia coesiva a tracdo, sorcao e

solubilidade.
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Figura 1A: Agentes de fixacdo RelyX Ultimate, RelyX Arc, Filtek Z350 Flow e

RelyX Veneer; B: discos ceramicos utilizados como anteparo na fotoativagdo; C:

termémetros utilizados para aferir a temperatura.

Os agentes de fixagao foram manipulados em duas temperaturas, 23°C
e 54°C. Para os grupos manipulados a 23°C (Tabela 1), os agentes
permaneceram em temperatura ambiente 1 hora antes do uso. Para os grupos
manipulados a 54°C, uma porcdo dos agentes de fixacao foi depositada em um
papel préprio para espatulagdo sobre placa de vidro e o conjunto papel para
espatulacao, placa de vidro e espatula para manipulagéo foram levados a estufa
digital (Modelo 502, Fanem) para o aquecimento, por 1 hora antes do uso (figura
2. A e B). A temperatura da estufa foi constantemente aferida por termémetro
digital (Modelo Max/Min, J. Prolab).
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Tabela 1. Divisao dos grupos experimentais.

Grupo Agente Cimentante Espessura Ceramica Temperatura
_______________________________________________________________________________________________|
________________________________________________________________________________________________|

1 RelyX ARC 0,75mm 54°C
2 RelyX ARC 0,75mm 23°C
3 RelyX ARC 1,5mm 54°C
4 RelyX ARC 1,5mm 23°C
5 RelyX Ultimate 0,75mm 54°C
6 RelyX Ultimate 0,75mm 23°C
7 RelyX Ultimate 1,5mm 54°C
8 RelyX Ultimate 1,5mm 23°C
9 RelyX Veneer 0,75mm 54°C
10 RelyX Veneer 0,75mm 23°C
11 RelyX Veneer 1,5mm 54°C
12 RelyX Veneer 1,5mm 23°C
13 Filtek Z350 Flow 0,75mm 54°C
14 Filtek Z350 Flow 0,75mm 23°C
15 Filtek Z350 Flow 1,5mm 54°C
16 Filtek Z350 Flow 1,5mm 23°C
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Figura 2A: Porcao dos agentes de fixagdo colocada em um papel préprio para
espatulacéo; B: estufa digital utilizada para o aquecimento dos materiais.

Para a manipulacdo dos cimentos resinosos RXA e RXU, as pastas
base e catalisadora foram igualmente distribuidas sobre o papel préprio de
espatulacdo posicionado sobre placa de vidro, a temperatura do conjunto
(material, papel e placa de vidro) ficou estabelecida em 23°C ou 54°C, de acordo
com cada grupo experimental. Apos atingirem a temperatura requerida, foram
espatulados por 15 segundos (figura 3), e entdo seguiu-se com a insercao
imediata em matriz de silicone cilindrica (5x0,5mm) ou matriz em formato de
ampulheta (0,5mm de espessura, 8mm de comprimento, 4mm de largura e 1,5mm
de constricao), de acordo com a metodologia utilizada. Para os agentes de fixacao
RXV e FLK, que nao necessitam de espatulacdo, uma por¢cao do material foi
posicionada sobre o papel de espatulacao e a placa de vidro, a 54°C ou 23°C, por
15 segundos antes da insercdo na matriz de silicone.
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Figura 3. Espatul os cimentos fsinosos RXA e RXU.

Apoés a insergao do material na matriz de silicone, foi posicionada uma
tira de matriz de poliéster e acima desta, o disco ceramico de dissilicato de litio
(IPS e.max; Ivoclar Vivadent, Barueri, SP, Brasil), cor A2, nas espessuras de
0,75mm ou 1,5mm. A fotoativagédo foi realizada posicionando a extremidade do
aparelho fotoativador sobre o disco ceramico, para tal foi utilizado o LED

Bluephase 16i (Vivadent, Burs, Austria), com irradiancia de 1519 mW/cm2, por 40
segundos.

—» . Aparelho fotoativador

\ & » Disco ceramico

Tira de poliéster

Matriz de silicone 4——1,— S = . Agente de fixacdo

Figura 4. Esquema ilustrativo do preparo do corpo-de-prova.
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Figura 5. Posicionamento da extremidade do aparelho fotoativador Bluephase
16i (Ivoclar Vivadent) sobre o disco ceramico utilizado como anteparo para a fotoativacao
do agente de fixagéao.

Completada a fotoativagdo, as amostras foram armazenadas em
microtubos plasticos identificados, e mantidas em estufa a 37°C por no minimo 24

horas, em recipiente escuro para impedir a passagem de luz.

1.2 Grau de conversao (DC)

As amostras cilindricas utilizadas para DC (n=8) foram polidas com lixas
abrasivas P2500 e P4000 (Buehler, Lake Bluff, lllinois, EUA) por um periodo de 40
segundos e entédo levadas ao espectrdmetro infravermelho transformado Fourier
(FT-IR) (Spectrum 100 Optica, Perkin Elmer, MA, EUA), para obtencado dos
espectros de absorbancia, associado ao dispositivo de reflectancia total atenuada
(ATR).

Assim, foram obtidos espectros infravermelhos, pelo método de
reflectdncia, com auxilio do —software Spectrum (PerkinElmer) presente em

microcomputador acoplado ao espectrémetro. O programa foi utilizado no modo
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de monitoramento da varredura, com 16 varreduras por amostra e 4cm™ de

resolugéo (Figura 6).

Figura 6. Corpo de prova posicionado sobre o cristal de reflectancia do
aparelho FTIR.

Para analise do grau de conversao dos agentes de cimentacéo, utilizou-
se a faixa de comprimento de onda entre 1608cm™ e 1638cm™ sinalizando,
respectivamente, as ligagées vinilicas aromaticas do bisfenol e alifaticas do
grupamento funcional metacrilato.

Ap6s a analise inicial, foram mensurados os dados das amostras
polimerizadas (Figura 7), utilizando-se os mesmos critérios para as amostras nao

polimerizadas.
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Figura 7. Espectro do material polimerizado.

O calculo do grau de conversao foi feito com base na razao entre as
duplas ligagdes de carbono alifadticas e aromaticas. Durante a polimerizacéo, a
absorbancia de duplas ligacbes aromaticas de carbono permanece constante,
porém ha reducédo da quantidade das ligacOes alifaticas (C=C) a medida que o
mondmero se converte em polimero.

Considerando a relacdo entre grau de conversdo e absorbancia das
cadeias aromaticas e alifaticas, antes e depois da polimerizagdo do compésito,
foram obtidos no gréafico os valores da altura total nos picos de absorbancia em
1638 cm! (cadeias alifaticas) e 1608 cm™' (cadeias arométicas), antes e depois da
polimerizacdo. E entdo mensurados os valores do grau de conversao de acordo

com a seguinte férmula:
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r .
1638cm-1 ; :
———— polimerizado
1608cm-1
X100
GC (%)7 1638cm-1 . . .
nao polimerizado
1608cm-1 )
A A
Grau de converséo (%) = 100 — Ligacdes duplas residuais (%)

1.3 Microdureza (KHN)

Ap6s a obtencdo do DC, as amostras (n=8) foram levadas ao
microdurémetro Shimadzu (modelo HMV-S, Kyoto, Japdo) com um penetrador
diamantado piramidal (figura 8), para as leituras de KHN na superficie de topo. A
carga utilizada foi de 25g por 10 segundos. Foram realizadas cinco indentagoes,
uma no centro e as outras com uma distancia de 100 ym da indentacido central

(figura 8). A média das cinco indentagdes foi calculada para cada amostra.

Figura 8. Microdurébmetro Shimadzu. Esquema do posicionamento das

penetracoes.
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1.4 Densidade de ligacdes cruzadas (CLD)

A porcentagem de ligagdes cruzadas foi avaliada através da
porcentagem de reducdo da microdureza (%MHred) apds o armazenamento em
alcool absoluto. Apos a leitura de KHN (MHi), todos os espécimes foram imersos
em alcool 100% por 24 horas. Passado este periodo, as amostras foram retiradas
da solucao, secadas e armazenadas em estufa a 37°C por 24 horas. Em seguida,
foi realizada uma segunda leitura de microdureza (MHf). A representacdo da
quantidade de ligagbes cruzadas foi, entdo, indiretamente medida através da
porcentagem de reducdo da microdureza (%MHred), calculada pela seguinte
férmula:

%MHred =100 — [(MHf X 100) / MHi].

1.5 Resisténcia coesiva a tragao (UTS)

Foram fabricados espécimes em formato de ampulheta (n=8) e estes
foram fixados no dispositivo de Geraldeli (figura 9), por meio de cola a base de
cianoacrilato (Loctite Super Bonder Gel, ltapevi, SP, Brasil) para que pudessem
ser tracionadas em maquina de ensaio universal EZ Test (Shimadzu, Kyoto,
Japao), a uma velocidade constante de 1 mm/min (figura 9), até a ruptura. Apés o
teste, os espécimes foram cuidadosamente removidos do dispositivo porta
amostra e a area da seccao transversal no local da fratura foi medida com
paquimetro digital (Mitutoyo Sul Americana, Suzano, SP, Brasil). Os resultados de
UTS foram calculados pela divisdo do valor da carga de fratura pela area de

superficie da fratura e foram tabulados e expressos em unidades de forca MPa.
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Figura 9. Amostras coladas no dispositivo porta-amostra e colocadas na
maquina de testes universal EZ-test (Shimadzu Co., Kyoto, Japan).

1.6 Sorcéo e solubilidade (WS e S)

O teste de sorcao e solubilidade foi realizado de acordo com a norma
ISO 4049/2009, no entanto com modificacdo nas dimensdes e niumero (n=8) das
amostras e forma de ativacao.

Ap6s a confecgdo, os corpos de prova foram submetidos ao
dessecamento inicial, em silica gel (figura 10), para remoc¢édo da agua livre, como
recomendado pela norma para materiais resinosos. Os corpos de prova foram
pesados diariamente em balanga analitica (Shimadzu AUW220D) de alta preciséo
(figura 11) até a obtencdo de uma massa constante (m1), onde a variacao entre

trés pesagens consecutivas fosse no maximo de 0,01 mg.
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Figura 10. Espécimes submetidos ao dessecamento inicial em silica gel.

——— -
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Figura 11. Balanca analitica de alta precis(Shimadzu AUW220D).

O diametro e a espessura iniciais foram medidos (figura 12) em quatro

pontos equidistantes utilizando paquimetro digital (Mitutoyo Sul Americana,
Suzano, SP, Brasil). Estas medidas foram utilizadas para calculo do volume das
amostras em mm3. Apés a estabilizacdo das massas, os corpos de prova foram
imersos em 1,5 ml de agua destilada e armazenados em estufa a 37°C, onde

permaneceram por 7 dias.
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Figura 12. Mensuracdo do didmetro e espessura em quatro pontos
equidistantes, utilizando paquimetro digital (Mitutoyo Sul Americana, Suzano, SP, Brasil),

para o calculo do volume da amostra.

ApGs este periodo, os espécimes foram lavados e secados com papel
absorvente. Em seguida, foram pesados em balanc¢a analitica para a obtencao da
massa constante (m2). Em seguida, as amostras foram novamente colocadas no
dessecador, com silica gel, a 37°C a fim de se obter o dessecamento final. Para
isto, foram pesados diariamente até a obtencdo de uma massa constante (m3). Os
valores de sorcdo e solubilidade foram calculados em pg/mm?3, através das
seguintes férmulas:

Sorcao = (m2-m3)/V

Solubilidade = (m1-m3)/V

Onde:

m1 = massa inicial, antes da imersao em agua destilada, em mg;.

m2 = massa ap0s imersdo em agua destilada, em mg;

m3 = massa apos o0 segundo ciclo de dessecacao em mg;

V = volume das amostras em mm3,

A sorcado de agua (WS) e a solubilidade (S) foram calculadas pelo
ganho ou perda percentual de massa em relagéo ao valor da massa inicial m1.
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