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1 Introduction
Adhesives are widely used in restorative dentistry due 

to their simplicity of use. Bonding is a process basically 
involving the selective substitution of tooth minerals for a 
resin. In this technique, the micropores created by the acid 
etching are filled with a fluid resin1 which polymerizes 
in situ, leading to a micro-mechanical interlock between 
the dental adhesive and the tooth structure. In this way, 
these adhesives can reduce the weakening of the tooth 
structure, making them a good choice to replace the use of 
macro‑mechanical retentions.2

These materials basically consist of a polymeric matrix 
formed by methacrylate monomers, with solvents and a 
photo-initiator system.3-5 Nowadays, inorganic particles 
are used in their formulation because this improves some 
physical and mechanical properties.6,7 Nanoparticles are 
widely used as reinforcing fillers in composites, since they 
have a strong impact on properties when incorporated in 
smaller amounts in comparison with macro/micro fillers.8,9 
Besides this, because of their small sizes, nanoparticles are 
able to penetrate into the tooth micropores, providing a bond 
layer with improved properties.6,10

Clay–polymer systems can show improvement of 
many properties of polymeric matrixes, such as elastic 
modulus, flexural and tensile properties and heat resistance. 
Clay  systems have many possible morphologies, which 
include: (1) agglomerated particles, where the layers remain 
joined and polymer chains only interact with their surface; 
(2) intercalated, when the polymer chains are between the 
clay platelets; and (3) exfoliated, when the silicate platelets 
are isotropically dispersed in the polymeric matrix.11,12

Although some researchers have reported the possible 
use of nanofillers in dental adhesives, their use remains a 

challenge due to the still limited number of fillers used for this 
purpose.6 Therefore, the aim of this study was to investigate 
the effect of the concentration and type of organomodified 
montmorillonite clays in the adhesion layer on the mechanical 
properties of dental adhesives.

2 Materials and Methods
In this study was used a standardized matrix (Table 1) 

containing bisphenol A-glycidyl methacrylate (BisGMA), 
urethane dimethacrylate (UDMA), 2-hydroxylethyl methacrylate 
(HEMA) and triethylene glycol dimethacrylate (TEGDMA) 
associated with a camphorquinone (CQ) system as photoinitiator. 
All systems also contained a standardized quantity of solvent 
(40% ethanol). It were used two commercial organoclays 
obtained from Laviosa Chimica Mineraria S.p.A: Dellite 
67G and Viscogel B8. Both of them have been modified by 
Bis(Hydrogenated Tallow Alkyl) Dimethyl Ammonium. But 
Dellite 67G has high content of modifier, and Viscogel B8 
has 10% of 2-propanol. The mixtures were prepared with 
0.2, 0.5, 1.0 and 1.5% m/m of clay on the systems.

2.1 Adhesive preparation
The fillers of each group were mixed with matrix using 

a closed mixing system (IKA Ultra Turrax Tube Drive ST-
20 Werke, Staufen, Germany). First, the chosen amount of 
clay was dispersed in ethanol under stirring for 24 hours 
to allow swelling. After this step, the polymer matrix was 
added to the clay/ethanol dispersion, without addition of the 
photopolymerization system. Then the systems were mixed 
for 30 minutes at 6000 rpm at a controlled temperature of 21 
oC. After this, the photopolymerization system was added, 
and the mixture was stirred for 3 minutes at 3000 rpm under 
controlled light to obtain the adhesive systems.
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2.2 Degree of conversion
The degree of conversion of the dental adhesives was 

determined by Fourier-transform infrared spectroscopy 
(FTIR: Spectrum 100 Optica; PerkinElmer, MA, USA), 
containing an attenuated total reflectance apparatus with a 
ZnSe crystal (Pike Technologies, Madison, WI, USA). The test 
was performed on the polymerized and non-polymerized 
samples and the degree of conversion was calculated using 
the band ratios of 1638 cm−1 and 1608 cm−1.13,14

2.3 X-ray diffraction
The exfoliation of nanoclay particles in dental adhesive 

samples was analyzed by X –ray diffraction (XRD). The tests 
were performed with CuKα radiation (λ = 1.5418 Å), 40 kV, 
20 mA, in a Rigaku Ultima IV X-ray diffractometer, over 
the 2θ range of 2 – 80° at room temperature with a step 
size of 0.02°. However, only the 2θ range of 2 – 8° was 
shown because the exfoliation of the clay is available only 
in that range.

2.4 Thermogravimetric analysis
The thermogravimetric analysis (TGA) was performed 

with a TA Instruments Q50 analyzer. Samples of approximately 
15 mg were heated from 30 to 700 °C under a nitrogen flow, 
with a heating rate of 10 °C/min.

2.5 Measurement of flexural strength and elastic 
modulus

The three-point bending method was performed in order 
to evaluate the flexural strength and the elastic modulus of 
the composites using a universal testing machine (Instron 
4411 Model 4484; Canton; Massachusetts, USA). Each 
composite was placed in a silicon rubber mold (7mm x 
1mm x 1mm). Firstly, a gentle airflow was applied for 40 
seconds to evaporate the solvent, and, then, the material 
was light-cured (Radii Cal, 1200mW/cm2, SDI, Bayswater, 
Australia) through a glass microscope slide for 60 seconds. 
The polymerized samples were subjected to the three-point 

bending after 24 hours of dark and dry storage (37 oC). Flexural 
strength test apparatus of two rods (2 mm in diameter), 
mounted parallel with 20 ± 0,1 mm between centers, and a 
third rod (2 mm in diameter) centered between, and parallel 
to the other two, so that the three rods in combination can 
be used to give a three-point loading to the specimen, was 
appropriately calibrated, to provide a constant cross-head 
speed of (0,75 ± 0,25) mm/min with a rate of loading of 
(50 ± 16) N/min. In order to minimize the statically error, a 
set of ten samples was tested for each composite evaluated.

2.6 Measurement of Microtensile Strength
The  microtensile strength  test  was performed in 

order to evaluate the cohesive strength of the composites. 
Bar shaped samples were performed as previously described 
before. The  polymerized samples were subjected to 
the microtensile strength test after 24 hours of dark and dry 
storage (37 oC). The ends of each bar were stocked to the 
universal testing machine (Instron 4411) with cyanoacrylate 
glue, and the specimens were loaded in tension until de 
fracture at a crosshead speed of 0.5 mm/min. 15,16 In order 
to minimize the statically error, a set of ten samples was 
tested for each composite evaluated.

3 Results
The degree of conversion values (Table  2) of the 

adhesives tested were between 74% and 65%, which is 
considered normal for these materials.17 It was observed 
that there was no significant reduction on conversion of 
these materials with the addition of up to 1.0% of nanoclay. 
However, for the group containing 1.5%, a decrease was 
observed.

The XRD analysis is very useful to evaluate the dispersion 
of the nanoclay when incorporated into a polymeric matrix 
and to determine the basal spacing. The shift or absence of 
the d(001) peak indicates that the basal spacing between the 
clay lamellae was changed (if shifted) or if the system has 
become exfoliated. From the diffractograms (Figure 1), the 
basal spacing was determined by applying Bragg’s equation: 
nλ = 2 sin θ to the d(001) peak. The calculations showed 
that the basal spacing of the Dellite 67G and Viscogel B8 
are 36.8 Å and 31.6 Å, respectively and the values of basal 
spacing of all systems can be seen in table 3.

The diffractograms showed that the d(001) peak of the 
systems with 1.5% of both clays and 1.0% of Viscogel B8 
remained in a similar position as the pure clay. In other words, 
the basal space do not changed. This indicates the generation 
of agglomerate systems.. In groups containing 1.0% Dellite 
67G filler and 0.5% of both clays, in turn, this peak shifted to 
lower angles, showing an increase in the interlayer distance, 
indicating the formation of intercalated systems.

Table 1. Standardized composition of dental adhesives

Component (%)
Bis-GMA 22
UDMA 13

TEGDMA 13.5
HEMA 10
Ethanol 40

Camphorquinone  0.7
2- (dimethylamino) ethyl methacrylate (DMAEMA)  0.5

Butyl hydroxytoluene (BHT)  0.3

Table 2. Mean and standard deviation of conversion degree (%) of dental adhesives

Fillers
Degree of conversion (%)

0% 0.2% 0.5% 1.0% 1.5%
Viscogel B8 74.9 ± 3.4 Aa* 73.6 ± 2.9 Aa 72.7 ± 3.3 Aa 75.1 ± 3.7 Aa 63.2 ± 2.2 Bb
Dellite 67G 74.9 ± 4.2 Aa 74.3 ± 3.1 Aa 71.9 ± 2.6 Aa 74.8 ± 4.1 Aa 62.7 ± 2.5 Bb

* Means followed by different letters (uppercase in columns and lowercase in rows) differ from each other (p≤0.05)
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The d(001) peak disappeared at the lowest nanofiller 
concentrations (0.2%) of both systems and in the system 
with 0.5% Dellite 67G. This indicates the exfoliation of clays 
on these systems or, even, an increase in spacing between 
platelets greater than the limit of detection (44 Å) of the 
diffratometer. Therefore, a more expanded configuration 
of the intercalated system was not clearly distinguishable 
from the exfoliated morphology.

Figure 2 shows the thermogravimetric behavior of the 
dental adhesives with different clay concentrations. In all 
systems can be observed an initial loss of mass between 
80-200 °C and most likely attributed to the loss of residual 
ethanol and low-molecular weight monomers, like HEMA. 
The presence of residual solvent was expected, since these 
samples were air dried to simulate their clinical application 
(Figure 3). The second (Tpeak approximately 360 oC), third 
(Tpeak approximately 380 oC) and fourth losses of mass 
(Tpeak approximately 400 oC) can be assigned to the decomposition 
of higher molecular-weight structures, comprising the chain 
areas formed more intensely by flexible components such 
as HEMA and TEGDMA for the second and third stages, 
along with areas of greater rigidity in the fourth stage, with 
higher prevalence of BIS-GMA and UDMA.18

Regarding thermal resistance, the groups containing 0.2% 
filler load showed an increase in thermal resistance while 
the other concentrations showed no significant changes in 
this property. This behavior can be explained based on the 
dispersion of layered nanofillers, since the group with 0.2%, 
possibly, has an exfoliated morphology.

According to the results observed in the graphs of elastic 
modulus and tensile strength (Figures 4 and 5, respectively), 
the change of properties caused by the nanofillers had the 
maximum change occurred at low clay concentration (0.2%), 
after which point the mechanical properties declined with 
increasing concentration. Also it can be noted that for the 
same load concentrations, Dellite 67G clay showed better 

results than Viscogel B8, (Table 4), which can be explained 
by better dispersion of the clay, as indicated by XRD.

The flexural strength (Figure 6), in turn, did not change 
as much between the samples with 0.2% of both clay 
nanofillers. In these cases, the samples with 0.2% showed 
similar statistical behavior to the groups with 0.5% and 1.0%.

Figure 1. Diffractograms of adhesives containing varying concentrations 
of the clays Dellite 67G (a) and (b) Viscogel B8

Table 3. Basal spacing values of pure clays and of adhesives containing varying concentrations of the clays

Fillers
Basal spacing values (Å)

Pure Clays 0.2% 0.5% 1.0% 1.5%
Viscogel B8 31.6 - 38.2 36.2 31.6
Dellite 67G 36.8 - - 42.3 36.8

Table 4. Mean and standard deviation of flexural resistance, elastic modulus and tensile strength of dental adhesives

Material Flexural resistance (MPa) Elastic modulus
(GPa)

Tensile strength
(MPa)

Pure Adhesive 49.9 ± 4.8 0.54 ± 0.07 19.5 ± 2.1
Adhesive 0.2% Dellite 67G 82.5 ± 3.9 1.12 ± 0.1 28.7 ± 1.3
Adhesive 0.5% Dellite 67G 79.4 ± 3.4 0.97 ± 0.08 26.8 ± 2.2
Adhesive 1.0% Dellite 67G 73.5 ± 2.5 0.82 ± 0.04 25.4± 1.3
Adhesive 1.5% Dellite 67G 57.6 ± 2.3 0.59 ± 0.03 18.1 ± 2.1
Adhesive 0.2% Viscogel B8 76.3 ± 3.4 0.96 ± 0.08 27.7 ± 1.5
Adhesive 0.5% Viscogel B8 75.2 ± 2.6 0.76 ± 0.06 25.1 ± 2.4
Adhesive 1.0% Viscogel B8 70.4 ± 2.3 0.63 ± 0.05 22.6 ± 1.6
Adhesive 1.5% Viscogel B8 56.2 ± 3.1 0.53 ± 0.07 17.5 ± 2.4
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4 Discussion
The degree of conversion is an important parameter to 

judge the effectiveness of the adhesion layer. Low degree of 
conversion values lead to lower elastic modulus values, which 
reduce the adhesion strength. No changes in the degree of 
conversion were observed in the material up to 1.0% of clay 

Figure 6. Tensile strength of the dental adhesives containing different 
percentages of nanofillers

Figure 2. Curves of the thermogravimetric analysis of adhesives 
containing varying concentrations of the clays Dellite 67G (a) and 
Viscogel B8 (b)

Figure 3. DTG of adhesives containing varying concentrations of 
the clays Dellite 67G (a) and Viscogel B8 (b)

Figure 4. Flexural resistance of the dental adhesives containing 
different percentages of nanofillers

Figure 5. Elastic modulus of the dental adhesives containing different 
percentages of nanofillers
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content, indicating that until this concentration, the particles 
are not capable of altering light transmission through the 
material and did not greatly alter the viscosity of the systems. 
Many fillers have previously been reported to increase the 
viscosity of the system, which restricts the movement of 
their constituent components during the polymerization 
process.19 However, the reduction of conversion at the 
highest concentration (1.5%) of these fillers may be due to 
the low quality of dispersion in the material.In this case, they 
act as microfillers, functioning as points of absorption and 
scattering of light, making the light photoinitiation process 
ineffective for camphorquinone stimulus, and consequently 
reducing the formation of radical species.17

According to the results of XRD and mechanical tests, 
Dellite 67G showed better dispersion in the systems than 
Viscogel B8. This finding can be explained by the fact that 
Dellite 67G has a higher basal distance, facilitating the entry 
of polymer chains between the platelets, and consequently 
forming systems with improved dispersion with lower 
concentration of these particles. Moreover, there are some 
differences between the chemical composition of both clays 
that affect the interaction between clay and polymer. First of 
all, as the Dellite 67G has a higher content of organomodifier, 
the interaction with the polymer matrix is stronger than 
with Viscogel B8. In second place, Viscogel B8 clay was 
modifier with 10% of 2-propanol, a polar compound, whose 
effect is decrease the interaction with the polymer matrix 
(an apolar material).

It is known that the incorporation of nanoclay in a polymer 
matrix increases the mechanical properties, particularly the 
elastic modulus, of systems when the particles have good 
distribution and dispersion.20 The greater improvement of the 
properties at 0.2% can be explained by the dispersion of the clay 
platelets. This dispersion causes a higher gain in surface area 
of these particles, thus producing a larger polymer/nanofiller 
interfacial area,21-23 which enables most of the atoms on the 
surface to participate in the interaction between the phases, 
facilitating the transmission of forces between them and 
increasing the strengthening effect. This behavior is similar 
to that observed in other nanofillers.10,24,25 The change in 
mechanical properties can be related to the dispersal of the 
nanoclays in the system, as supported by the XRD results. 
The mechanical properties of the systems with 0.2% clay 
concentration, due to their possibly exfoliated configuration, 
changed more than in the other systems, particularly the elastic 
modulus, a parameter which many authors consider an indirect 
way to measure these fillers’ exfoliation.20,26

In the same way, although a d(001) peak did not appear in 
the materials with 0.5% Dellite 67G, based on the mechanical 
results it can be postulated that the dispersion was poorer 
than in the samples with 0.2% of the same clay, since with 
increasing concentration of loads there was no increase in the 
mechanical properties. If both systems have similar dispersions, 
an increase in the nanoparticle percentage would mean a 
higher interfacial area between the polymer and nanofiller due 
to the larger number of particles in the system. This would 
lead to more satisfactory dissipation of stresses and better 
mechanical properties,24,25 contrary to what was observed in 
the mechanical tests.

In this case, the increase in concentration caused such a 
small change in the mechanical aspects of the polymeric matrix 

that it would not useful as reinforcement. This behavior arises 
from the agglomeration of these fillers, which initially makes 
them act as microparticles, but after reaching a particular 
concentration, they tend to form larger agglomerates that 
act as fracture points, causing the material’s failure when 
subjected to mechanical stress.10,27,28

Based on the results can be stipulated that the groups 
containing a lower concentrations of both clays (0.2%), will 
have, when applied to the tooth structure, the highest bond 
strength in the short and long term, once that these materials 
exhibit higher microtensile indicating a greater cohesive 
strength, which reflects in obtaining a bonding interface with 
less prone to breakage and detachment of the tooth surface.29

Likewise, it can be noted that these groups had higher 
elastic modulus which indicates the increased rigidity of these 
adhesives systems. The presence of these polymer systems 
in a more rigid conformation lead to a less tendency of water 
sorption, since the reduced flexibility of the polymer networks 
generates a physical obstacle to the passive diffusion of the 
solvent through the material.30 Thus, once the sorption is the 
primarily responsible for the mechanical strength loss of 
the adhesive systems because its represent the first stage of 
degradation of these interfaces by hydrolysis,31,32 or because 
the water acts as a plasticizer of these materials,18,33 the 
obtaining of these systems with greater rigidity reflects on a 
larger adhesive stability.

The addition of nanoclays in polymers can improve 
their thermal resistance. This has been demonstrated for 
clay nanocomposites in various polymer matrixes,34,35 but 
it is dependent of the particle dispersion.34,36,37 Therefore, 
the change observed in the samples with 0.2% nanoclay is 
due to the better distribution of these particles in the system. 
The increase in the temperature required for weight loss in 
the groups with lower clay concentrations indicates that these 
systems are exfoliated, corroborating to the diffraction and 
mechanical results. This fact can be attributed to the ability 
of layered structures to reduce the flow of gases within the 
material, and consequently the heat flow.35,36

6 Conclusions
The incorporation of low concentrations (0.2%) of clay 

significantly improves the elastic modulus of the standardized 
matrix without changing the degree of conversion. This means 
that the nanoparticles do not affect the viscosity and coloration 
of the medium to the point of hindering irradiation and 
consequently the start of resin polymerization. Therefore, 
they can be applied using techniques commonly used in 
dental practice. This material thus has great potential for use 
as adhesion systems between dentin and restorative resin. It is 
known that layered nanoparticles can decrease the permeability 
of small molecules in a composite, which positively affects 
the durability of the adhesive system. This is a subject of 
considerable interest and should be further investigated.
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