v

View metadata, citation and similar papers at core.ac.uk brought to you byj: CORE

provided by CiteSeerX

ARCHIVES ISSN (1897-3310)

Volume 14
o) f Issue 3/2014

FOUNDRY ENGINEERING 11-16

M\ I: E Published quarterly as the organ of the Foundry Commission of the Polish Academy of Sciences

The |l nfluence of Chemical Surface Treatment
on the Corrosion Resistance of Titanium
CastingsUsed in Dental Prosthetics

B. Burnat 2, M. Parchanska-K owalik °, L. Klimek > *
& University of Lodz, Department of Electroanalyaigl Electrochemistry, Tamka 12, 91-403 Lodz, Poland
® Medical University of Lodz, Department of GenePaintistry, Chair of Dental Technique,
Pomorska 251, 92-213 Lodz, Poland
*Corresponding author. E-mail address: leszek.kti@e.lodz.pl

Received 30.04.2014; accepted in revised form 130053}

Abstract

Air abrasion process is used for cleaning castinfase of prosthetic components, and to preparestinface of these elements for the
application of veneering items. Its side effectwbuer, is that abrasive particles are embeddelanreated surface, which can be up to
30% of the surface and it constitutes the sideceffé this procedure. Such a significant partidipatof foreign material can not be
indifferent to the properties of the surface. Endetiparticles can be the place of stress concemtreausing cracking of ceramics, and
may deteriorate corrosion resistance by formingagive microlinks. In the latter cases, it would &gvisable to remove elements
embedded into the surface. The simplest methotiésical etching or electrochemical one. Nevertlseldsese procedures should not
significantly change the parameters of the surfAceong many possible reagents only a few fulfillstlze above conditions. In addition,
processing should not impair corrosion resistaric¢i¢amium, which is one of the most important farst determining its use as a prosthetic
restoration in the mouth. The study presented tesdilcorrosion resistance of titanium used to maikesthetic components by means of
casting method, which were subjected to chemicatgssing designed to remove the embedded abraaitielgs. The aim of the study
was to investigate whether etching with selectegjeats affects the corrosion resistance of titargastings. For etching the following
reagents were used: 30% HN® 3% HF + HO, HNG;+ HF+ glycerol (1:2:3), 4% HF in #0,, 4% HF in HO, with a control
sandblasted sample, not subjected to etching. Tlestonstrated that the etching affected corrosiopesties of test samples, in each case
the reduction of the corrosion potential occurrgabssibly due to the removal of particles 0f@d from the surface and activation of the
surface. None of the samples underwent pittingosion as a result of polarization to 9 V. Valuestted polarization resistance, and
potentiodynamicharacteristics indicated that the best corrosisistance exhibited the samples after etchingnmixéure of 4% solution

of HF in H,O,. They showed very good passivation of the surface.
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i continues to grow [1-4]. This is due to its unicgehearacteristics
1. Introduction that are unparalleled to other available metalsadiogs, these are
predominantly its good corrosion resistance anaddipatibility
[1,3,4,5,6]. Thanks to these features titanium Hhasen
successfully employed for many years in dentistty. use in

Titanium is a metal material that has been usedeintistry
and medicine for many years and its application popularity
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dental prosthetics is invaluable, as apart from Himve-
mentioned implants there is also a possibility alfricating of
titanium, and in the laboratory conditions, alma#tprosthetic
constructions. These are both fixed elements likewn-root
inlays, onlays, crowns and bridges, as well as haaines in the
form of frameworks of partial dentures.

Due to the corrosion resistance, it is possiblesliminate
harmful for the body phenomenon of transition oftahéons to
the tissues, which in conditions of the oral caugyof great
importance. Another advantage of titanium is itw ldensity,

which is 4.51 g/cr) and for restorations is an undeniable asset.

Other characteristics relevant to the prosthetmiegtion are: low
thermal conductivity (it is 14 times smaller thandold alloys),
no allergic reactions, non-toxicity, as a resultpafssivation of
titanium oxides, absence of taste sensations aativedy low

price (compared to the price of platinum or goty].

Nevertheless, in addition to many benefits titaninas also
disadvantages such as high affinity for oxygen,ciwhtauses its
oxidation, especially at higher temperatures. Anpanant
problem is its processing under laboratory condgjo in
particular, the problem with the implementatiorcaétings due to
titanium’s strong oxidation at high temperature.eThnsuing
consequence of the above- mentioned adverse eveamis
technical difficulties is the fact that castingtitum and its alloys
by means of lost wax casting is very difficult. Téfre, to meet
demands of modern dental prosthetics, specialngastichniques
are use [1,7]. Induction melting with the use afgaure - vacuum
system, which is composed of two chambers, is thestm
frequently employed. The first of the chambers sgrfor melting
in argon shield and the other — vacuum holds arzastold.

In the execution of dental crowns and bridges enftame of
titanium, difficulty in titanium processing is ntite only problem.
The combination of titanium with dental ceramicsoalposes
some problems due to specific nature of the timansurface.
Metal-ceramic connection is a place of many factdtese are:
the influence of the van der Waals force, mecharaoghoring
resulting from expansion of a metal surface (ey.abrasive
blasting), compressive stresses associated witliereiiftial
shrinkage of metal and ceramics and a chemical Worded
between porcelain and the oxide layer during oidgatwhich
most frequently occurs before firing of porcelalnd]9].

The main problem in the combination of titanium aedamics
is its high propensity to passivation that is, forgha layer of
titanium oxide (mainly TiQ under the effect of high
temperatures. While in the case of prosthetic corapts made
from other alloys such as Ni-Cr or Co-Cr the obtaiogidle film
is relatively thin and provides a chemical bondcefamics with
oxide layer, when it comes to titanium oxidatioRes: place too
rapidly and there are great difficulties in its tofiable
acquisition, thus, resulting passive layer is twok, which causes
problems to fuse it with ceramics. Although low timg point
ceramics that have been developed in recent yeersidp
a suitable thickness of the oxide layer, still, teength of
ceramic fused to titanium is insufficient nowadagsd only
slightly greater than the minimum required for rhegramic
bonds recommended by ISO [1,7,10,11].

In the case of metal substructures made of titaniton
enhance the bond strength of the metal to dentahte abrasive
blasting is commonly used. It is currently the owly to improve
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the quality of these bonds. Studies have demoesirahat

unblasted metal surface does not provide a suffidiending of
metal to ceramics [12]. Abrasive blasting improweg bond

strength of metal to ceramic, as it causes the ddam of surface
irregularities and, thus increases its roughnesss, Tin turn,

improves mechanical retention and wetting of métame to

porcelain surface [1,13,14]. Blasting is undoubtegllpecessary
process in the course of processing prosthetic lypetaelain

elements, but apart from the above mentioned ksnéfalso has
some adverse effect. The studies conducted totdate shown
that after blasting on the surface of titanium remeambedded
abrasive grains [15,16]. This is caused by both kigetic energy
of the grains hitting the surface of the metal aeldhtively low

hardness of titanium. The content of abrasive riatgarticles

increases with the power of applied pressure. AJsmins size
plays a role here - the larger a grain, the lowaniper of particles
driven into. There are studies showing that the emof stuck
particles is significant and according to differentthors varies
between 13 and 30% of the metal surface [15].

This phenomenon has a significant impact on thditguaf
titanium to dental ceramic bonding and it is de&tal, as it is
a contamination of metal surface, which ceases t®
homogeneous. This results in a reduction in meclahanchoring
of ceramics and the chemical inhibition of the bogdbetween
porcelain and titanium oxides. Abrasive particles ao firmly
anchored on the metal surface, that it is imposstbl remove
them by means of steam cleaning, which is stangavdedure
when fabricating prosthetic components. In addjtiembedded
elements can cause vulnerability of ceramics [17].

The problem of embedded particles of abrasive ristaray
be the key to explain the reasons for poor bondingeramic to
titanium substructure and therefore it becomes segzryg to study
techniques removing these contaminants, whichasifisequently
improve ceramic to titanium bond strength [1,15198, Studies
have shown that it is possible to remove thesaqgestby means
of chemical etching method [24]. It must be remerate
however, that the methods should not substantaiinge surface
roughness and its other parameters relevant goits quality of
bonding with ceramics. Among many possible reagemtly
afew fulfills all the above conditions [24]. Theremains to
answer the question how far such a chemical tredtaféects the
corrosion resistance of titanium, which is one bf tmost
important factors for its use as a prosthetic rasimn in the
mouth.

2. Materials and resear ch methods

Tritan titanium discs CpTi 1 from Dentaurum with iardeter
of 21 mm and a thickness of 5 mm were the researaterial.
Minimum titanium content was of 99.5% with a tream@ount of
Fe, O, H, N, C in accordance to ASTM classificatibnorder to
standardize the surface discs were polished stegebswith SiC
abrasive papers of gradations 220, 400, 600 andB®ong that
procedure water cooling was employed. After eadisiping, the
samples were rinsed and dried with compressedPa@pared in
this way discs were subjected to abrasive blastiitiy corundum
grains with Mikroblast Duo.
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The following processing parameters were used:
- Grain size of 110 microns,
- Working pressure of 0,4 MPa,
- Steam incident angle 45°,
- Working distance 10 mm.
After the treatment, the samples were cleaned pithssurized
steam and dried with compressed air.

Prepared samples were divided into five groupsnifed for
etching, including the control one. Each group sabjected to
etching with a specific etching factor.

- Group 0 the control one: sandblasted, withoutiatg

- Group I: 30% aqueous solution of HN® 3% HF,

- Group IlI: 1 part by volume of HNO+ 2 parts by volume of HF
+ 3 parts by volume of glycerol,

- Group IlI: 4% solution of HF in D,

- Group IV: 4% solution of HF in $O.

Reagents were chosen so as to minimally change pteestof
the treated surface [24].

control I
0.0

-0.1
-(R/

-0.2 I

-0.3

-0.4 I

-0.5
E./V
-0.6

-0.433

cor

-0.493

Etching was carried out in a suitable mixture inunasonic
bath for 3 minutes, rinsed with water and thenfjdiin water in
an ultrasonic bath for 10 min, dried with argon amhditioned
for 15 min at 37°C. Prepared this way samples webgested to
the corrosion test.

3. Reaults

In order to determine the corrosion potential, ploéential of
the samples according to the reference electroder@eorded in
an open circuit during 2000 s. Final stabilizedgptil was taken
as the corrosion potentialf Values of E,, potential for titanium
samples depending on the etching mixture are pregen Fig. 1.
This figure also contains & potential value of the control
sample, i.e. without etching.

-0.410 -0.307

I

Fig. 1. Corrosion potential of chemically etchadriium samples

The sandblasted titanium samples (without chenatziing)
have a corrosion potential value ca. -0.24 V. Nahie derives
from the presence of thin TiOlayer due to spontaneously
passivation of titanium and AD; grains stuck on the titanium
surface as a result of sandblasting [27]. These edddd
corundum grains can be partially removed from thenium
surface by chemical etching [24]. The main compor@nthe
etching mixtures used for titanium samples is hffdosic acid
(HF), which reacts with titanium forming solubleltsaand thus
releasing of alumina grains is possible. In thespnee of
oxidizing reagents (i.e. HNQH,O,) additionally passivation of
titanium is occurring. Any changes in the chemicainposition
of the surface due to the etching result in a chan§ the
corrosion potential value. The etching of titanisorfaces in all

ARCHIVES of FOUNDRY ENGINEERING Volume 14,

mixtures of acids reduces the corrosion potentigl \Blue (Fig.
1.). The greatest changes in thg,BPpotential are observed for
samples etched in mixture Il (HNG- HF + glycerol), whereas
the weakest changes are observed in case of etchmixture 1V
(HF +H,0).

Polarization resistances, Rere determined by polarization of
the samples in a typical potentiostatic connectiothe potential
range +0.02 V versus determineg, Bpotential. The results of R
measurements are shown in Fig. 2.
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Fig. 2.Polarization resistancof chemically etched titanium samples

Polarization resistance of control sample (withetching)
reaches a value of 0.68QM@n7. The use of etching mixtures I,
and IV cause a decrease in the polarization resistawhile
etching in mixture Il greatly increases valoéR,. In general,
a change in the resistancg Ray be due t@hangesin surface
roughness as well as itsactivity. Lower values (the resistance
R, are connected with a higher roughnasd/o reactivity of the
surface. In turn, higher values of, Rhay indicate lower surface
roughness or lower reactivitpf the material.Based on the
polarization resistance value, a corrosion ratthefmaterial ma
be estimated, and thus it is possible to compaeecthrrosior
resistance of various samples. In this study ¢orrosion rate, i
micrometers per year, waglculated according to formula (
[28].

cr= K EWB @)

where:
CR-corrosion rate ipm/year,
constant K=3.27um(d/(LABmiyear),
EW - equivalent weight for Ti (12.035),
B- Stern-Geary's coefficient (0.026jth the assumption of bo
anodic and cathodic Tafel constaaf$.12 V/decad:,
R, - polarization resistance ingvign?
p- density of Ti (4.50 g/cA).
The values of the corrosion rate calculated for edfit
variants of chemical etching of titaniumnsales are collected i
Table 1.

Table 1.
Corrosion rate of chemically etch&thnium sample
Etching mixture CR (umlyear)

without etching 0.336
| 0.737
Il 0.400
1l 0.072
[\ 0.413

The presented data clearly shc that chemical etching of
titanium samples haan effect on their corrosion raThe etching
in a mixture | (HNQ + HF)results in more than tv-times higher
corrosion rate in relation to thentrol ample (without etching).
Whereas only slightly effecton the corrosion rate of the
investigated samples may be observed in case dingtcn
mixture Il (HNO; + HF + glycerol and IV (HF+HO). The most
favorable effect is observed for seles etched in mixture Il
(HF+H,0,) - titanium samplesare charcterized by the lowest
value of corrosion ratéca. 5 times lower in relation to cont
sample).

The potentiodyn@aic characteristics in a wide range of anc
polarization were performed from the potenof 0.2 V below
E.or to the potential of 9 Vnext the direction of polarization 's
reversed and backward curve was registered. Theainglol
potentiodynamic characteristics of titanium sampilitsrdifferent
chemical treatmentare shown in Fi¢ 3. For better readability
sections of return branchkave been cut of

[ay
<
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T

10-10
10'11

[y
) © , )
G
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1 1 L 1 1 L
-2.5 0 2.5 5.0 7.5
E/V
Fig. 3.Potentiodynamic characteristics itanium samples
(scan rate of mV/s)

10.0
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From all the types of investigated samples the dsgh
reactivity presents the control sample. The pobelytiamic
characteristic for this sample has a narrow passavnge up to
about 1.5 V. The current density in a passive raage the order
of 2010° Alcm?. For samples etched in mixtures I, Il and IV
a passive range ends at potential of ca. 2.5 VinDufurther
polarization the transpassivation process occutse Tample
etched in mixture Il was totally passivated in Whpolarization
range. In this case, some current fluctuations wbserved above
the potential of 2 V.

None of the tested samples undergo pitting cormosio
whole polarization range. The backward curves a®vb the
forward potentiodynamic curves, which means thatly on
passivation of titanium samples occurred during démo
polarization. This result is in agreement with ogtianalysis of
samples surfaces after anodic polarization - thitases changed
color from silver to blue-violet or gold, but themas no corrosion
pits.

4. Conclusions

1. The chemical etching of sandblasted titanium sasnipées an
effect on their corrosion properties - in any céeelowering
of corrosion potential was observed.

2. The values of polarization resistance, corrosiote rand
potentiodynamic characteristics indicate that titansamples
etched in mixture containing 4% HF in®} exhibit the best
corrosion properties.
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