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SURFACE COMPOSITION OF THE Co-Cr BASED ALLOYS AFTER DIFFERENT LAB
DENTURE TREATMENTS USING AUGER ELECTRON SPECTROSCOPY

© M. Vasylyev, S. Voloshko, P. Gurin

Memoro danoi pobomu € ananiz ximiunozo ckaady nogepxui cniagy Ha ocHogi CO-Cr niciisa Oexinbkox mexuo-
JI02TUHUX NpOoYeoyp, NPUUHAMUX Y CIMOMAMONOIUHIU NpaKmuyi 3a 00NOMO20I0 0Jice-eleKMPOHHOI CneKmpo-
cxonii (OEC). et ananiz npooounu nicis 6i0IUSAHHS 3PA3KIE CNIAGI8 NIO0ABANU HACIIYNHUM NOCIIO08HUM
00pobKam: pO3PI3AHHAM HA AIMA3HOMY KOeci, eleKmpoiCKpOSUM PI3aHHAM [ WIIIQYEAHHAM, eleKmpo-
NOAIPYBAHHS, GUMPUMKU 8 WLMYYHIU CIUHI 2 OHI NICIS e1eKMPONOIPY8aAHHS

Knrwuosi cnoea: obpobra nosepxmi, cmomamonoziuni cniagu Ha ochosi Co-Cr, odice-eleKmpoHHA CHeKmpo-

CcKoOnis, uimyyHa ciuna

1. Introduction

Co-Cr based dental alloys currently gain wide at-
tractivity for dental restorations such as customized
abutments, crown and bridge in the anterior and posterior
region, telescope and conical crowns, screw-retained res-
torations and for fabrication the substrate of the metal-
ceramic restorations. With time, Co-Cr alloys entered in
another fields of usage, such as orthopedic implant mate-
rial for body joints and fracture fixation applications as
well [1, 2]. The wide popularity of such alloys is ex-
plained by a superior combination of the useful proper-
ties, such as fracture toughness, strength, excellent wear
resistances, good bond with ceramics and the quali-
ty/price ratio [3, 4]. These alloys are also characterized
by excellent corrosion resistance [5, 6]. The bulk micro-
structure of Co-Cr alloys is well documented. These al-
loys generally have a two phase structure consisting of a
v phase with a face-centered cubic structure and marten-
sitic ¢ phase with a hexagonal close packed structure.
Molybdenum is often also present in their chemical com-
position, to exploit its strengthening effect by solid solu-
tion hardening [7, 8].

2. Literature review

However, the use of Co-Cr-based alloys is associ-
ated with a significant disadvantage associated with the
possibility of positively charged ions, their constituent
metals, being released into the surrounding saliva and the
appearance of negative charge ions on the dentures sur-
face. In some cases these processes cause galvanisms,
toxic-allergic reactions and other pathological reactions
resulting in manifestations of the clinical symptocomplex
intolerance metal alloys in the oral cavity [2]. Therefore,
the clinical and laboratory assessment of intolerance to
the metal prostheses, as well as the use of new methods
of diagnosis, prevention and treatment of this pathology
are the urgent tasks of modern dentistry.

It is known that in the development of electro-
chemical interactions between metals that take place in
electrolytes, electrode factors play a leading role, the
main of which is the structural, physical and chemical
state of the electrode surface. Their chemical and electro-
chemical activities in the oral cavity, in particular, the re-
turn of metal ions to saliva, discoloration, roughness,
formation of the oxide layers, passivation kinetics, de-
pend on the state the of metal dentures surface. Physical
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and chemical properties of the metal surface, for exam-
ple, adhesion and fatigue strength, wear resistance, cor-
rosion behavior, significantly depend on the technologi-
cal treatments used in dental practice. It should also be
noted that the finishing surface treatment determines the
quality of the metallic inclusions biocompatibility and
the similarity of their contamination by microorganisms.

The complexity of understanding the nature of
physical, chemical, mechanical, and biological processes
involving material surface is due to the fact that atoms
and molecules of the uppermost surface layer and several
underlying layers are initially involved in these process-
es. It is the structural and chemical state of the thinnest
surface area with a length of several nanometers that de-
termines the mechanism and Kinetics of the surface pro-
cesses noted above. Therefore, application of the tradi-
tional in the orthopedic practice of the visual, macro- and
microscopic methods for diagnosing the surface state
does not fit to modern requirements. It is necessary to use
new surface-sensitive methods of the analysis, allowing
to obtain information about the metal surface state at the
atomic-molecular level. Currently the metal surface can
be analyzed by different surface sensitive spectroscopic
methods. The choice of the measurement technology is
influenced by the nature of the material and surface fin-
ishing treatment. Such analytical methods, for example,
are widely used in the development of the materials for
in mechanical engineering, electronics and heterogene-
ous catalysis [9, 10]. These include AES, X-ray Photoe-
lectron Spectroscopy (XPS), Scanning Tunneling Mi-
croscopy (STM), Atomic Force Microscopy (AFM),
Scanning Electronic Microscopy (SEM) with energy dis-
persive X-ray analysis (EDX). Methods are commonly
used for surface chemical analysis: AES, XPS and EDX.
The highest sensitivity for superficial layers is pertinent
to the AES method. The average depth of the analysis for
the AES measurement is approximately 1-2 nm. In addi-
tion, this method allows to obtain the depth distribution
of the elements over the near-surface region. The experi-
ence in the recent years indicates the successful applica-
tion of these methods in dentistry and the implantation of
metal structures into a living organism [11, 12].

3. The aim and objectives of the study
The aim of this work was to analysis of the dental
Co-Cr-based alloy surface chemical composition after
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several technological procedures adopted in the dental
practice and exposure in artificial saliva using AES.

To accomplish the aim, the following objectives
have been set:

1. To prepare samples of the dental Co-Cr-based
alloy with required of the chemical and phase composi-
tion of the alloy bulk.

2. To treatment samples using the following pro-
cedures adopted in the dental practice after casting: cut-
ting on by the diamond wheel, electric-spark cutting and
grinding, electropolishing, exposure in artificial saliva.

3. To obtain quantitative information on the con-
centration depth distributions of the chemical elements in
the near-surface region using AES.

4. Analysis of changes in the chemical and phase
composition of the treated samples taking into account
the temodynamics laws.

4. Material and methods

The bulk chemical composition of the Co-Cr-
based alloy as determined by X-ray Fluorescence
Spectroscopy, is represented in the Table 1. Samples
of 3 mm thickness and 15 mm diameter were produced
by conventional casting technique. After casting
(treatment 1), the alloy samples were subjected to the
following sequential treatments: cutting on by the di-
amond wheel (treatment 2), electric-spark cutting and
grinding (treatment 3), electropolishing (treatment 4)
and exposure in artificial saliva after electropolishing
during 2 days (treatment 5). These treatments types
are typical in dental technology. Exposure to artificial
saliva was of interest as a model process widely used
in laboratory experiments. Fusayama artificial saliva
solution [21] with pH of 5.5 at 37°C constant tempera-
ture was used.

Table 1

The chemical composition of the Co-Cr-based alloy surface samplesafter various processing methods according to AES

Composition, at. %
. Surface
Chemical elements Bulk Treatments

1 2 3 4 5
Co 58,1 - 17,0 8,6 7,9 19,6
Cr 31,2 4,0 18,9 12,6 30,2 5,8
Ni 3,9 — 2,6 1,8 1,0 2,3
Mo 2,9 - 1,4 1,7 1,2 1,1
Ti <0,002 - 1,0 1,1 1,1 1,3
Ca - — 1,6 — — —
K — — - — — 0,9
Si 1,3 - 19,0 1,8 — —
C — 89,1 16,1 27,3 32,3 10,6
0] — 6,9 11,3 21,9 22,7 38,9
N — - 11,0 40 — -
S - - - 19,1 3,5 19,5

The experiments were performed using a
JAMP-10S Auger spectrometer (Japan, JEOL). The
Auger electrons energy of the alloy components and
impurity atoms was measured using a cylindrical mir-
ror-type energy analyzer with an energy resolution of
AE/E=0.5 %. The chemical elements quantitative
analysis (in at. %) was carried out in accordance with
the atlas of standard Auger spectra and the elemental
sensitivity coefficients [15]. Auger electrons that es-
cape into vacuum carry information from a depth of
0.4-1 nm, depending on their kinetic energy. When
applied to the material surface impurities AES can de-
tect about 0.02 monolayer coating. The absolute sensi-
tivity of the method is 0.1 at. % and the relative sensi-
tivity is 10 %. To obtain information on the chemical
elements distribution within the surface area (up to
~ 1 pm), depth concentration profiles are constructed.
For this purpose, the Auger electrons spectra are con-
tinuously recorded as the atomic layers are removed
by etching with Ar* ions. In the present work, depth

profiles were obtained as a result of ion sputtering the
sample surface by Ar® ions with an energy of 0.6 keV
and ion current of 2-10® A having an ion beam diame-
ter of 3 mm.

5. Results

To obtain more complete information of the sam-
ples surface chemical composition, the Auger electrons
spectra were recorded in the range of 0—1000 eV. For ex-
ample Fig. 1 shows typical Auger spectra recorded for
two states of the sample surface. Auger spectrum 1 cor-
responds to the initial state of a sample placed in a vacu-
um chamber of an Auger spectrometer after elec-
tropolishing. Auger spectrum 2 characterizes of the same
sample surface after etching by argon ions to a depth of
~ 100 nm. A quantitative analysis of the both spectra al-
lows to establish, firstly, the presence of the main alloy
components (Co, Cr, Ni) and impurity atoms (Mo, K, Ti,
S, O, C, Si), secondly, a significant changes in the inten-
sity of all peaks recorded for deeper surface layers.
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Fig. 1. Overview of the Auger electrons energy spectrum: 1-initial state; 2-after ion sputtering with 60 s.

The results of the surface atomic concentration for
all surface treatment are represented in the Table. For
comparison, the same Table contains information about
the atomic composition of the alloy bulk. Detailed scruti-
ny of the obtained results reveals two groups of the
chemical elements that are presented in the thinnest sur-
face layer (up to ~ 1 nm): elements that are in the bulk of
the alloy as its main components (Co, Cr, Ni) or techno-
logical impurities (Mo, Ti, Si), and elements which pres-
ence are due to the interaction of the samples surface
with the environment (C, O, K, N, S). As a result of this
interaction, the surface of the all samples is “polluted”
with carbon and oxygen. The highest concentration of car-
bon (89.1 at. %) was found on the surface of the casting
sample (treatment 1), and the lowest (10.6 at. %) is
registered after exposure to the artificial saliva (treat-
ment 5). At the same time, in the first case the small-
est amount of oxygen (6.9 at. %) is set, and in the se-
cond — the maximum one (38.9 at. %). The feature
characteristic of the surface chemical state after all
types of its processing is a decrease in the concentra-
tion of the main components of the alloy (Co, Cr, Ni
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and Mo) as compared with their content in the bulk al-
loy. The lowest amount of Co (7.9 at. %) was deter-
mined after electrolytic etching (treatment 4), and Cr
(5.8 at. %) after exposure in the artificial saliva
(treatment 5). The Cr content (30.2 at. %) close to the
bulk composition was found only for the elec-
tropolished surface. As can be seen from the Table,
the concentration of other introduced impurities (Ca,
K, N, S) varies significantly depending on the method
of the surface treatment. It has to be noted in particu-
lar, an extremely high concentration of sulfur (S) after
grinding (treatment 3) and exposure in artificial saliva.
The highest N content is pertinent to the sample after
mechanical cutting (treatment 2).

To obtain quantitative information on the concen-
tration depth distributions of the chemical elements in the
near-surface region, layer-by-layer profiles were con-
structed using the method by ion etching as described
above. As an example, Fig. 2 represents such profiles for
the sample that was exposure to the artificial saliva.
Depth profiles have similar qualitative characteristics for
other types of treatments (2, 3, 4).
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Fig. 2. Depth profiling of the chemical elements
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6. Discussion

In all cases, three characteristic regions of the lay-
er-by-layer distribution of all elements can be distin-
guished:

1) region closest to the free surface is relatively
sharp in composition;

2) transition region characterized by a smooth
course of concentration curves;

3) concentration yield region is practically at a
stable level as the distance from the free surface to a
depth of ~ 100 nm is reached.

For the first of these areas, there is typically a
strong decrease in the amount of introduced surface impu-
rities C, O, S and a significant increase in the concentra-
tion of Co, Cr, Ni and Mo. These results indicate that the
appearance of these impurities is a consequence of the in-
teraction of the sample surface with the environment. As a
result of this interaction, the formation of oxides, carbides,
nitrides, sulfides and silicides, as well as more complex
compounds with the participation of adsorbed water and
hydrocarbons is possible. The formation of the surface
compounds is governed by the thermodynamics laws, the
most important factor of which is the free surface energy.
In parallel with the processes of the surface chemical com-
pounds formation, the effects of the selective dissolution
of the alloy components are possible when they are aged in
an active chemical solution, to which artificial saliva can
also be attributed. As can be seen from the Table, there is a
selective enrichment of the samples surface with Cr after
electropolishing, while, after exposure to artificial saliva,
Co has the highest concentration.

It is known that Cr, Ni and Co are characterized
by high affinity to oxygen and their oxides have high
values of the enthalpy formation [22] as well. The fol-
lowing surface compounds can be formed: Cr,03
(=756 kJ/mol), NiO (-487 kJ/mol) and Co030,4
(428 kJ/mol). At the same time, only Cr atoms pos-
sess high affinity to carbon. Therefore, it is most like-
ly that the carbon detected by the AES method belongs
to carbide Cr,3Cq (591 kJ/mol). Cr also has a fairly

high affinity for nitrogen, which can lead to the for-
mation of the Cr,N nitride (-130.2 kJ/mol) surface
particles. The probability of the nitrides formation in
the case of Co and Ni is low. The high S content after
treatments 3 and 4 may indicate the possible formation
of the sulfides Ni3S,, C0,S,.

7. Conclusions

1. The samples of the Co-Cr-based alloy of the
following bulk composition (at. %) was prepared: Co-
58,1; Cr-31,2; Ni-3,9; Mo-2,9; Si-1,3; Ti-<0,002. After
annealing these alloys have a two phase structure consist-
ing of a y phase with a face-centered cubic structure and
an martensitic € phase with a hexagonal close packed
structure.

2. After conventional casting technique (treatment
1) the alloy samples were subjected to the following se-
quential treatments: cutting on by the diamond wheel
(treatment 2), electric-spark cutting and grinding (treat-
ment 3), electropolishing (treatment 4) and exposure in
artificial saliva after electropolishing during 2 days
(treatment 5).

3. To chemical elements distribution within the
surface area (up to ~ 1 um) and the depth concentration
profiles after surface treatments are constructed using
Auger Electron Spectroscopy.

4. Based on the obtained results and the temody-
namics laws, it can be assumed that a significant de-
crease in the surface concentration of the Co-Cr-based al-
loy main components as a result of using various meth-
ods for treating of the samples surface is due to the for-
mation of the various chemical compounds that were
captured from the environment. This may also explain
the concentration gradient of all elements that is ob-
served within the depth of the near-surface region. It is
important to emphasize that such changes may cause a
significant impact on the structure of the technological
oxide coatings, on the dental structures corrosive behav-
ior, and therefore on their biocompatibility and various
pathological manifestations
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XEMOMETPUYHI METOJAM JOCJIIKEHHSA  BIOJOI'TYHOI
HOXIJHUX XITHOJIITHY

AKTHBHOCTI

© O. A. bpaxko, M. II. 3asropoaniii, €. O. Kapnyn, O0.0. bpaxko, f. I. Pomanenko,
A. M. boraan

Baoicnusoro xapakmepucmuxor Ximiunux cnoiyk € ix 0ion02iuHa aKmueHiCmv, OCKIIbKU Ii HAAGHICMb MOdice
cmamu OCHOB0I0 0/11 GUKOPUCMAHHS PEHOGUHU 8 MepaneemuiHux yiisix, abo, HAGNaKu, OOMedCUmu MOICIU-
gocmi 11020 NPAKMUYHO2O 3ACMOCYBAHHS GHACIIOOK NPOs8Y NOOIYHuUX i mokcuunux egexmis. Komn'tomepna
OYiHKA Cnekmpa 6ion102IYHOI AKMUBHOCMI OAE MONCIUBICMb BUSHAYUMU HAUOLIbUL NePCNeKMUBHI HANPAMKU OISl
mecmy8anHs hapmaxono2iunoi Oii KOHKpemHUX pewosur i 8i0Ciamu NOMeHYIUHO Hebe3NneyHi MONeKYIu Ha
PanHix cmaodiax docriodcens. Onuc cmpyKmypu MoKyl OpeaHiunoeo 3'eonanus peanizoéarno 8 PASS 3a dono-
M0o2010 deckpunmopie amomHux oxoauys (Multilevel Neighborhoods of Atoms)

Kmouoei crosa: "cmpyxmypa-axmusnicms"”, cnexmp 0ionociunoi akmusnocmi, npoenosysanns, PASS, nepedba-
uyganvua 30amuicms, QSAR

Cepen MoxiJJHUX XIHOJIHY ICHY€ 3Ha4Ha KUIBKICTh
010JI0TIYHO aKTHBHHUX CIOJIYK IIMPOKOTO CHEKTPY Aii, sIKi

1. Beryn
B nanmit wac 6musbko 80 MIIH. Pi3HHUX XIMIYHHX

CHOJIYK € JUIA TECTYBAaHHS y BUIIIAII BXXE CHHTE30BAaHHX
3paskiB. B peecrpaniiiniii cucremi Chemical Abstracts
Service wmictuthes iHopmamis mpo 138 MIH. Op-
TaHIYHUX 1 HEOPTaHIYHUX PEYOBHH, ONHMCAHUX B JiTEpa-
Typi 3 mouatky XIX cromitra. In silico 3rermepoBano
COTHI MINBHOHIB CTPYKTYpHHUX (POPMYJT OpraHiuHHUX MO-
JIEKYJI pa3oM 3 BHXiIHUMH peareHTaMu i peaKiisMu CUH-
Te3y i moHaz 166 MIp.. CTPYKTYPHHUX (POPMYII, TTOBHICTIO
MOKPUBAIOTh XIMIYHHH MPOCTip, [0 BKJIIOYAE [0
17 atomiB C, N, O, S i ranorenis [1].

INosiBa BUIBHO-IOCTYIHUX MPOTpaM Jjajna 3Mory
OTPUMYBATH iH(OpPMaLiIO PO CTPYKTYPY Ta OioJOTIYHY
AKTHBHICTb XIMIYHUX CIIOJYK, CTBOPIOBATH HEOOXIiIHI
HIepelyMOBH JUIsL PO3BUTKY METOMIB AM3aiHY JIKiB, 3ac-
HOBaHMX Ha CTPYKTYpI JIraHAiB i IPOrHO3YBaTH Mpodisi
010JIOTIYHOT aKTHBHOCTI JJI1 HOBUX PEYOBHH.
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MOXYTh CTaTH OCHOBOIO ISl HOBHX Oioperymsropis [2, 3].
Jnst BHOOpY TakMX CHOJyK BHMBYAEThCS CIEKTp iX
010JIOTIYHOT aKTHBHOCTi, pIiBEHb IOTEHIIHHOI TOKCHY-
HOCTi, BHW3HAYa€ThCA ixX (hapMakoJMHAMIiKa, YUM TOSC-
HIOETHCS TIPAKTHYHA JOLUIBHICTh BUKOPUCTaHHS METOJIIB
XEeMOiH(OPMATHKH.

Hipkue  pO3MIISSHYTO  XEMOMETPHYHI  METOIH
aHayizy Oi0JIOTiYHOT aKTHBHOCTI XIMIYHHX CHONYK, B
PASS w™eronmi anamizy 3anexHocTed "CTpyKTypa-
akTuBHICTE» Ta QSAR aHamizy 3a momomoror po3po0-
JIEHOTO HOBOTO MporpaMHoro 3acody QusS [4].

2. JlirepaTypHuii orJisi

TpagumiiHO TpPH MOJEIIOBAHHI BIIACTHBOCTEH
XIMIYHHX CIIOJIyK BHKOPHCTOBYIOTH METOAM KBAaHTOBOI
XiMii, MOJIEKYJISIDHOTO MOJENIOBAHHA Ta XIMIYHOI 1H-



