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Objective. Recommendations to obtain the best bonding to silica-based ceramics are to pre-

pare  its surface by hydrofluoric-acid HF etching and regular application of a silane. This study

investigated how the HF-etching following by ultrasonic water bath cleaning (recommended

protocol  to improve the bonding with a composite resin), modifies the surface chemistry of

a lithium disilicate glass-ceramic and impacts the chemical bonding with silane.

Methods. Lithium disilicate glass-ceramic discs (IPS Emax Press, Ivoclar Vivadent) were  mirror

polished, etched with 9% HF for 20 s and rinsed 1 min under water. Two post-etching cleaning

were  compared: (1) no additional cleaning and (2) immersion in water ultrasonic bath for 4

min. Morphology evolution of the surfaces was carried out by scanning electron microscopy.

Chemical  changes were studied using X-ray Photoelectron Spectroscopy and Nano Auger

Electron Spectroscopy analyses. Identification of the compounds formed with fluorine was

based  on by High Resolution Transmission Tlectronic Microscopy .

Results.  Residues left on the surface of the discs after etching, the fluorine salts, were elimi-

nated  after the ultrasonic bath cleaning. However, analyses showed presence of fluorine on

the lithium disilicate needles associated among others with the lithium. HR-TEM validates

the  presence of Li2SiF6 crystallized phased. A mechanism to explain silane bonding when
Li2SiF6 phase is formed on the Li2Si2O5 needles, is proposed.

Significance. HF-etching leads to the formation of lithium and fluorine contain LiSi2F6 nano-

precipitates on the Li2Si2O5 needles which helps to improve the bonding with silane.
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Fig. 1 – Representation of the MPS  (�-methacryloxypropyl
1.  Introduction

In recent years, an increasing demand for high performance
aesthetic restorations has led to the development of several
new  ceramics. Heat-pressed or computer-aided design and
computer-aided manufacturing (CAD/CAM) fabricated lithium
disilicate  glass ceramics are preferred over other types of
dental  ceramics because of these superior characteristics:
excellent mechanical properties, accuracy of fit and optical
properties that mimic  those of natural teeth [1]. In den-
tistry,  each restoration has two interfaces: tooth/resin and
resin/ceramic. In this study, we  will focus on the resin/ceramic
interface known to be in general weaker that the tooth/resin
one.  There are many  reasons for the dental ceramics to frac-
ture,  e.g. mastication, parafunction and intraoral occlusal
forces  creating repetitive dynamic loading. Thus, the estab-
lishment  of a durable and reliable bond between a dental
ceramic  and a resin composite is important in dental practice.
This  bond is usually created via two mechanisms, micro-
mechanical attachment thanks to HF-etching and chemical
bonding  thanks to the silane molecules. Silanes are sili-
con  esters that may  contain trialkoxysilane groups. There
are  hybrid functional monomers capable of forming chem-
ical  bonds with organic and inorganic surfaces. In general,
silanes  have non-hydrolysable groups (such as methacrylate)
and  hydrolysable groups (such as ethoxy), which is why they
are  chemically bifunctional. They bond dissimilar materials
together  by forming a branched 3D siloxane (–Si–O–Si–) film.
In  addition to their chemical bonding power, silanes are used
as  surface primer agents for adhesion promotion that can
increase  the critical surface energy of a substrate. A high crit-
ical  surface energy and a low surface tension of a liquid are
desired  because liquids will spread evenly onto the surface.
In  order to achieve complete wetting, the adhesive must have
low  viscosity and the surface tension must be lower than the
critical  surface tension (�c) of the substrate surface [2]. An
optimal  silane application implies the elimination of water,
alcohol  and other solvents, allowing for the complete conden-
sation  reaction to form the siloxane bond and eliminate excess
silane  oligomers to obtain a monolayer silane [3,4]. The stabil-
ity  and effectiveness of this adhesion is also supposed to be
improved  by heat treatment [5–9] but Bruzi et al. study based
on  the evaluation of the shear bond strength of composite
resin to CAD/CAM lithium disilicate ceramics after different
post-etching cleaning and silane treatments, recommends a
regular application of silane (applied for 20 s, air dried for 20 s
and hot dried at 60 ◦C for 20 s).

The  silane most used in dentistry is the MPS (�-
methacryloxypropyl trimethoxysilane or C10H20O5Si) coupling
molecule (geometry shown in Fig. 1).

The HF-etching is known to provide the dissolution of the
glassy  and/or crystalline phase [11] and to leave residual salts
of  silicafluoride negatively influencing the resin bond strength
[12,13].  Several cleaning methods are suggested in literature
but  the most supported post-etching protocol is the used of
ultrasonic  distilled water bath for 2 min  [10,12,14,15].
Please cite this article in press as: Poulon-Quintin A, et al. Chemic
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This study proposes to investigate how the HF-etching
following by ultrasonic water bath cleaning (recommended
protocol to improve the bonding with a composite resin), mod-
trimethoxysilane or C10H20O5Si) in 2D.

ifies the surface chemistry of a lithium disilicate glass-ceramic
with  only a focus on the Li2Si2O5 crystal surfaces, and impacts
the  chemical bonding with silane.

2.  Materials  and  methods

The lithium disilicate glass-ceramic (IPS Emax Press, Ivoclar
Vivadent)  tested samples were in the form of pellets (diam-
eter:  1.9 cm;  thickness: 4 mm)  with parallel faces. The global
composition announced by the Ivoclar/Vivadent supplier is (in
wt%): SiO2 57–80, LiO2 11–19, K2O 0–13, P2O5 0–11, ZrO2 0–8,
ZnO 0–8 and other oxides as Al2O3 0−10. One face of each
sample was first mirror-polished.

This  face was before HF-etched applying 9% hydrofluoric
acid (Porcelain Etch®, Ultradent) for 20 s (recommended action
time  by Ivoclar-Vivadent) and then rinsed 1 min  with water
as  dentists done. To rinse, no distilled water was  used like it
can  be read in the literature. In the dentist protocol, there is
also  no control of the amount of HF deposited, the only crite-
rion  retained by the practitioner being a covering of the entire
surface  of the ceramic by the HF acid. To improve the repro-
ducibility  of our results, the quantities of acid deposited were
weighed.  For each sample, the same quantities of HF were
applied  (25 mg)  by a professional dentist with the same ges-
ture  as in its dental office for preparation of the restauration
surfaces. Other samples were etched and rinsed as the pre-
vious  ones but also immersed in water ultrasonic bath (WUS
bath)  for 4 min.

Only  the central parts of the samples were studied.
To evaluate the crystallized phases present, XRD  analysis

was  performed with a PANalytical X’Pert Pro device (�(CuK�) =
1.5418  Å, 2� = 10–80◦, step of 0,01◦).

SEM images (conventional JSM6360A JEOL, 10 kV, sample
beforehand metalized with thin gold layer) were  used to follow
the  evolution of the morphology of the surface.

X-ray Photoelectron Spectroscopy XPS surface analysis
were  performed using a Thermo-Fisher Scientific K-ALPHA
spectrometer with a monochromatized AlK� source (h� =
1486.6  eV) and a 200 �m X-Ray spot size. A pressure of 10−7 Pa
was  reached in the chamber when transferring the HF-etched
samples. The full spectra (0–2100 eV) were obtained with a
constant  pass energy of 200 eV and high resolution spectra (i.e.
al surface modification of lithium disilicate needles of a silica-
act on the chemical bonding with silane. Dent Mater (2021),

C1s, O1s, F1s, Li1s, K1s, Si2p, Au3d) at a constant pass energy
of  40 eV. Charge neutralization was  applied during analysis
and  sputtering was  achieved through low energy Ar+ ions.
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Fig. 2 – XRD pattern obtained on a lithium disilicate
glass-ceramic pellet (IPS Emax Press, Ivoclar Vivadent). 4
crystalized phases: Li2Si2O5 (ICDD card 01-070-4856), ZrO2
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ICDD card 01-079-1796), ZnO (ICDD card 00-036-1451) and
iO2 (ICDD card 00-051-1379).

The PHI 710 Auger nanoprobe spectroscope used was
quipped with an Argon ion gun and a cylindrical mirror anal-
ser  (CMA) with energy resolution varying from 0.1 to 0.5

 with also the advantage of excellent spatial in width and
epth  resolution resp. (10 nm and 5 nm). The AES analyses
ere  semi-quantitative and particularly sensitive for light ele-
ents.  Line analyses were performed (10 kV electron beam

oltage  and and 2 nA for current). Prior to Auger analysis,
rgon sputtering was  done at 2 kV, during 60 s with an ion
urrent  of 3 �A to remove the carbon contamination and most
f  the gold metallization. Each elemental line trace consists of
12  data points with their intensity corresponding to the peak-
o-peak  intensity of the element’s derivative Auger spectrum
dN/dE  versus kinetic energy).

For TEM analyses, thin foils were  prepared at the liquid
itrogen temperature using an EM-09100 cryo-ion slicer sys-

em  (JEOL, Tokyo, Japan). The treated-surfaces were  previously
oated  with gold to clearly visualised the top free surfaces and
lso  avoid charging problem during observations. They were
hen  prepared to observed in cross-section the different inter-
aces.  Observations were carried out on a JEOL 2200FX (JEOL,
okyo,  Japan) operated at 200 kV.

.  Results

.1.  The  lithium  disilicate  glass-ceramic

he XRD pattern of one lithium disilicate glass-ceramic pel-
et  (Fig. 2) allows to identify four crystallized phases: lithium
isilicate  (Li2Si2O5, ICDD card 01-070-4856), zirconium oxide

ZrO2, ICDD card 01-079-1796), zinc oxide (ZnO, ICDD card
0-036-1451) and cristobalite (SiO2, ICDD card 00-051-1379).
he other components no detected by XDR could be glassed,

mperfectly crystallized, nanosized or in too small quantities
o  be detected.

.2.  Evolution  of  the  surface  morphology  after  HF
Please cite this article in press as: Poulon-Quintin A, et al. Chemic
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tching

ig. 3 shows the morphology evolution of the IPS Emax Press
ithium  disilicate glass-ceramic pellet thanks to SEM images.
Fig.  3a is an image  of the mirror polish surface realized in
chemical  contrast (BSE-SEM). Presence of a darker phase with
elongated  form and surrounding by a whiter one identified as
the glassy phase can be notice. This result is in agreement with
the  morphology after HF-etching presented on Fig. 3c. Fig. 3b
is  a SEM image  of the Li2Si2O5 crystals from Ivoclar Vivadent
after HF vapour etching for 30 s of the IPS Emax Press lithium
disilicate  glass-ceramic. Comparison of this image  with the
morphology  obtained after aqueous HF etching (20 s) follow-
ing  by 1 min  water rinsing (Fig. 3c), two major differences
appear: (1) the crystals are not clearly observable due to the
presence  of residues (residual glassy phase and residual salts
of  silicafluoride) and (2) The crystals seems to be thinner and
shorter.  When an additional cleaning step using WUS  for 4
min  is added (Fig. 3d), no more  residue is observable on the
surface  and the reduction of the Li2Si2O5 crystals dimensions
is  confirmed.

3.3.  Study  of  the  fluorine  presence  after  WUS  cleaning

HF-etching is known to leave residual salts of silica fluoride
that  precipitate and can be identified as a white deposit on
the  etched ceramic surface [16]. During WUS,  the formation
of  microscopic bubbles causes the detachment of impurities
even  in inaccessible recesses. This gentle cleaning method
eliminates all residues, dirt, oxidation products, deposits etc.
and contaminants from all surfaces [17,18]. TEM observations
show  that there is a thickness reduction of the HF-affected
“layer” (around few �m for HF-etched water rinsed 20 s sam-
ple  and difficult to defined when WUS  cleaned) and confirms
the  departure of the salts but also the removing of the no-well
entrapped  phases in the glassy materials as Li2Si2O5 crystals
(Fig.  4).

F1s  XPS spectra are presented Fig. 5 to validate the effi-
ciency of the WUS  cleaning and the departure of the residual
salts  of silica fluoride or other compounds containing fluo-
rine.  The binding energy of fluorine F1s is known to be around
686−689  eV. Comparing the curve (Fig. 5a) of the HF-etched
water rinsed sample (in red) with the HF-etched, water rinsed
sample  and WUS  cleaned sample (in dark blue), a signifi-
cant  reduction of the F1s peak is observable. This last sample
is  etched again during 60 s with argon ions inside the XPS
chamber  after the first previous analyse. The F1s spectrum is
acquired again for the same area (in light blue). The disappear-
ance  of a small F1s peak is observable. Same protocol of argon
etching  is used on the HF-etched water rinsed sample for 60,
120  and 600 s of cumulative argon etching time (Fig. 5b). There
is  no significant change of the F1s peak. These results are in
agreement  with the TEM observations: the thickness affected
by  the HF-etched and water rinsed sample is higher than with
the  use of an additional WUS  cleaning where only the extreme
top  surface seems to be affected.

3.4.  Localisation  of  the  fluorine  presence  after  WUS
cleaning
al surface modification of lithium disilicate needles of a silica-
act on the chemical bonding with silane. Dent Mater (2021),

Because the XPS analysed surface is around 200 �m in diam-
eter  and due to the roughness of the samples after WUS
cleaning (Fig. 3d), AES line analyses along lithium disilicate
elongated crystals are realized. An example of results obtained
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Fig. 3 – Microstructure of IPS e.max Press lithium disilicate glass-ceramic: (a) mirror polished, (b) etched with HF vapour for
30 s (image from Ivoclar Vivadent), (c) HF-etched 20 s and water rinsed 1 min  and (d) HF-etched 20 s, water rinsed 1 min and
WUS cleaned 4 min.

Fig. 4 – Bright-Field-TEM images of samples (a) as received, (b) HF-etched water rinsed 20 s and (c) WUS  cleaned 4 min.

https://doi.org/10.1016/j.dental.2021.02.006
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Fig. 5 – (a) Overlapping graph of XPS F1s curves on 2 samples: (1) HF-etched 20 s and then rinsed with water 1 min  (in red),
2) WUS  rinsed 4 min  (dark blue) and then additionally argon etched 60 s (light blue). (b) XPS F1s curves of the HF-etched 20 s
and then rinsed with water 1 min  (in red) and then additionally argon etched 60, 120 and 600 s (additional argon etchings
on the same area; cumulative time) (For interpretation of the references to colour in the figure legend and text, the reader is
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Fig. 6 – Secondary electron micrograph of the needle with
the  position of the horizontal line analysed (in blue) and
the  corresponding elemental line AES analysis (in
intensity) for a HF-etched 20 s, water rinsed 1 min  and
WUS4  min  cleaned sample. (For interpretation of the
eferred to the web  version of this article.).

s presented Fig. 6. In extreme surface, when fluorine appears,
ithium  and oxygen are always combined with. The length
ffected  by fluorine is around 100 nm.  Even after WUS  clean-
ng,  fluorine is still present at the extreme surface of the
eedles.  Quantification in atomic percent of fluorine, lithium
nd  potassium realized on another crystal helps to conclude
hat  the ratio between F and Li varies from 4 to 7 and that
ometimes fluorine is not combined with Li or K. When F is
resent  with K, the ratio between K and F is around 3.

.  Discussion

he evolution of the lithium disilicate glass-ceramic disc sur-
ace  after HF-etching is conventional with the dissolution of
he  glassy phase following the identified well known scenario.
he  acid reacts with the silica matrix to form volatile silicon

etrafluoride SiF and creates a porous structure [19,20].
Please cite this article in press as: Poulon-Quintin A, et al. Chemical surface modification of lithium disilicate needles of a silica-
based ceramic after HF-etching and ultrasonic bath cleaning: Impact on the chemical bonding with silane. Dent Mater (2021),
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4

 HF (l) +  SiO2 (s) →  SiF4 (g) +  2H2O (l) (1)
references to colour in the figure legend, the reader is
referred  to the web  version of this article.)
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Fig. 7 – Secondary electron micrograph of a needle with the
position  of the horizontal line analysed (in blue) and
quantitative AES analysis of F, Li and K for a HF-etched 20 s,
water  rinsed 1 min  and WUS  4 min  cleaned sample. (For
interpretation of the references to colour in the figure
legend, the reader is referred to the web  version of this
Then, SiF4 reacts further with the hydrofluoric acid again
to  form a soluble complex ion, hexafluorosilicate [SiF6]2− and
hydrogen ions.

2 HF (l) + SiF4 (g) → [SiF6]2− (aq) + 2H+ (aq) (2)

The hydrogen ions in the solution react with the hexafluo-
rosilicate complex ion to form a fluorosilicic acid that can be
rinsed  off:

[SiF6]2− (aq) + 2H+ (aq) → H2SiF6 (l) (3)

Depending on the practitioner techniques, the quantity
and  the concentration used as the duration of etching per-
formed,  the glassy matrix is more  or less dissolved. Etching
alters  surface topography by creating micro- and nano-scale
porosities of varying depth and width [21]. This porous surface
is  not only providing more  surface area for resin bonding, but
also  exposes and generates hydroxyl groups on the ceramic
surface  that are responsible for chemical bonding via silane
coupling  agents.

However, the HF-etching is also known to react with crys-
tallised  phases [11,21]. The glassy phase dissolves at a faster
rate  than the crystallized phases but no more information
is  given about presence of fluorine on the lithium disilicate
crystal  in literature to our knowledge. Figs. 3c and 4 are in
agreement  with the results found in literature with an affected
depth  around 6 �m (small pores observables on Fig. 4) and a
modification  of the surface morphology with the presence of
pores.  On TEM images, Li2Si2O5 crystals look like pillars of nee-
dles  randomly oriented and entrapped in the glassy matrix.

An  additional WUS  cleaning leads to the departure of
the  fluorine salts as already observed by other authors
[12,13,20,21]. The efficiency of the distilled water ultrasonic
bath  is clearly identified in the literature as the best post-
etching  cleaning to positively improves the resin shear bond
strength  [10,17,18]. In this study, a conventional process of HF-
etching is used whereas the supplier etches with HF vapour for
30 s (Fig. 3b, image  from Ivoclar Vivadent). Pillars of plate-like
Li2Si2O5 crystals and no glassy phase are observable.

After  WUS  cleaning, all the fluorine salts, residues and no
adherent  phases are removed from the surface as XPS analyses
confirm  (Fig. 5a) whereas they are still present at a greater
depth  when only water rinsing is used (Fig. 5b).

Another key point is the Li2Si2O5 crystals morphology
changes. They seem to be no more  plate-like but more  sharpen
(Fig.  3d) and rounder (Figs. 6 and 7) so named needles. AES
local  analyses in line on the extreme surface of these nee-
dles  confirm a localised presence of fluorine on their surface
(about  100 nm long) and most of the time combined with
lithium  and oxygen. Bischoff et al. [22] working on lithium
disilicate glass-ceramics based on non-stoichiometric compo-
sitions,  conclude to the absence of lithium ion clustering in the
glassy  component of the final glass-ceramic and also argue
against  an epitaxial nucleation process proposed in literature.
They  suggest the nucleation of Li2Si2O5 starts at the disor-
Please cite this article in press as: Poulon-Quintin A, et al. Chemic
based ceramic after HF-etching and ultrasonic bath cleaning: Imp
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dered  lithium phosphate phase (Li3PO4) and the glassy matrix.
But  in the lithium silicate glass system, Puls and Eckert give
clear  evidence of strong lithium cation clustering providing
quantitative support for a model of one dimensional chan-
article.)

nel structure in (Li2O)x(SiO2)1-x with x ≤0.3 [23]. This study
indicates that the structure of low lithium silicate glasses
is  consistent with the formation of lithium rich quasi-one-
dimensional channels, in which each Q(3)-silicon species is
surrounded  by about three lithium ions. Each lithium atom is
surrounded by three non-bridging oxygen atoms. The struc-
ture  of Li2Si2O5, layered plate-like crystals is similar to the
previously described for the glassy phase. They are composed
of  [SiO4] tetrahedra sharing corners, Li atoms with presence
of  channels [24]. A representation of the needle free surface
and  of the Li2Si2O5 layered structure of crystal phase is pro-
posed  by Upadhyaya et al. [25] without taking into account
the  presence of fluorine. In these crystals, Q(2) and Q(4)-silicon
structure of [SiO4] tetrahedra are also present [26].

In this study, XPS analyses not allow to find information
about the types of fluorine chemical bonding and AES about
the  global composition due the technique protocol itself and
also  to charging phenomenon for long duration. To try to iden-
tify  if the fluorine is combined with others elements to create a
crystallised compound on the Li2Si2O5 needle surface, HRTEM
study  of the extreme surface of needles localised at the free
surface  of the WUS  cleaned samples is carried out.

Fig.  8a is a bright-field TEM image  (BF-TEM) of the free sam-
ple  surface after HF-etching, water rinsing and WUS  cleaning.
The  compound in extreme surface of the needles is oriented
to  be in Bragg position to reveal the presence of small plate-
like  particles of about 100 nm length (observable in dark inside
red  circles, Fig. 8a). Their longer face is always parallel to the
free  surface of the needles. Their dimensions are coherent
with  AES results. HRTEM analyses are carried out in order to
identify  the compound formed based on the previous chemi-
cal  information collected. These small plate-like particles are
identified  as SiLi F phase. This result is illustrated on Fig. 8b
al surface modification of lithium disilicate needles of a silica-
act on the chemical bonding with silane. Dent Mater (2021),

2 6

(original  HR-TEM image  on left and overlapping of the col-
orized  corresponding inverse FFT images on right. The area
of  interest is between the two previous images.
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Fig. 8 – (a) BF-TEM image of the free surface for a HF-etched and WUS  cleaned sample, (b) HRTEM images of the interface
between a Li2Si2O5 crystallised needle and a small plate-like particle identified as SiLi2F6 (Au used as conductive coating).
(For  interpretation of the references to colour in the text, the reader is referred to the web version of this article.)

Fig. 9 – Idealized illustration of how silane compounds chemically bond to inorganic silica when SiLi2F6 small plate-like
p face
a

m
b
a
p
a
o
r
a

[

h
i

S

i
H
o
t

f
g
h
t

articles are present on the crystallized Li2Si2O5 needles sur
t  the surface of the needles.

Fig. 9 proposed an idealized mechanism based on the
echanism proposed by Shrivastava [27] to explain silane

onding  when crystalized SiLi2F6 small plate-like particles
re  present on the Li2Si2O5 needles surface. As for the glassy
hase,  HF-etching of the needles leads to the formation of hex-
fluorosilicate  SiF6

2−(aq). The VSEPR predicts for [SiF6]2− the
ctahedral shape. Thanks to the removing of silica, hexafluo-
osilicate complex ions can react with the lithium ions to form

 SiLi2F6 solid at the needle surface:

SiF6]2− (aq) + 2Li+ (s) → SiLi2F6 (s) (4)

A global reaction between lithium disilicate needles and
ydrofluoric acid leading to the formation of silica and water

s  proposed:

i2Li2O5 (s) +  6HF (aq) →  SiLi2F6 (s) +  SiO2 (s) +  3 H2O (l) (5)

Additional HRTEM observations have to be done to find
f  orientation relationships exist between the two phases.
owever, the local modification of the needle roughness is
bservable  due to the formation of the SiLi2F6 plate-like par-
icles.

When  the silane is applied over the etched ceramic sur-
Please cite this article in press as: Poulon-Quintin A, et al. Chemic
based ceramic after HF-etching and ultrasonic bath cleaning: Imp
https://doi.org/10.1016/j.dental.2021.02.006

ace,  the molecule is activated by hydrolysis to form silanol
roups  (–Si–O–Si–) which react with the substrate surface
ydroxyl (−OH) groups by a condensation reaction. There is
he  formation of a branched 3D siloxane (–Si–O–Si–) film [28].
 and leads to the densification of the 3D siloxane network

As a consequence of the previous chemical reaction, some
–Si–O–Si–  assemblies are broken on the Li2Si2O5 needles sur-
face  which could facilitate the formation of hydroxyl species
around  these small plate-like particles. For a same quantity
of  HF used for etching, an increase of the number of bonds
with  −OH compare to the number formed on a same needle
surface  for a water rinsed sample could explain the improve-
ment  of the WUS  sample bonding properties (to be published)
for  two reasons: (1) the direct access to the surface of the
interlocked needles thanks to the departure of all the salts,
residues,  etc. and (2) the densification of the 3D siloxane net-
work  close to the surface of the needles due to the increase of
the  hydroxyl groups in surface. The role of the SiLi2F6 small
plate-like particles seems also to be the increase of the needle
surface  nano-roughness. At the moment no evidence of their
bonding  with silane compound is proved.

Fig. 9 proposed an idealised illustration of how silane
compounds chemically bond to inorganic silica when SiLi2F6

small plate-like particles are present on the crystallized
Li2Si2O5 needles surface after the hydrolysis reaction of �-
methacryloxypropyltrimethoxysilane to form silanol groups
(–Si–O–Si–).
al surface modification of lithium disilicate needles of a silica-
act on the chemical bonding with silane. Dent Mater (2021),

5.  Conclusion

In the literature, the protocol to obtain the best bonding
to  lithium disilicate glass-ceramics is to prepare its surface

https://doi.org/10.1016/j.dental.2021.02.006
https://doi.org/10.1016/j.dental.2021.02.006
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spectroscopic study of the adsorption of multiple amino
by hydrofluoric-acid HF etching 20 s, water rinsing 1 min
and  then immersion in water ultrasonic bath for 4 min. A
regular  application of a silane compound MPS in this study (�-
methacryloxypropyl trimethoxysilane or C10H20O5Si) applied
for  20 s, air dried for 20 s and hot dried at 60 ◦C for 20 s is
required before the application of the resin.

Thanks to the fine analyze of the Li2Si2O5 crystals free sur-
face  after the HF-etching, the presence of crystalized small
plate-like  particles identified as SiLi2F6 is proved. Due to their
presence,  the improvement of the bonding is explained by
the  creation of additional nano-roughness on the Li2Si2O5

needles at the extreme free surface, the direct access to the
clean  surface of interlocked needles responsible also of micro-
roughness  and the densification of the 3D siloxane network.
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