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Fig. 1. Schematic representation of ion-beam-assisted
deposition system.
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Fig. 2. Schematic representation of wear test.
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Fig. 3. Measurements for wear tract width and depth.
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Table 1. Chemical composition of alloys used in the study (wt %)

Alloys Pt Au Pd Ni Cr Bal.
Pt-Au* Manufac. Comp.’ 85 90.0 0.5 - - etc 1.0
Chemical Analysis™ 9.18 90.82 - - - -
Au-Pt! Manufac. Comp.* 3.6 53.0 2.4 - - etc 41.0
Chemical Analysis” 3.64 54.18 291 - - Ag 25.98,Cu 13.28
Pd-Au* Manufac. Comp.* - 2.0 78.5 - - etc 19.5
Chemical Analysis™ - 257 856.91 - - Cu 8.49,Ga 3.04
Ni-Cr-Be* Manufac. Comp.* - - - 74~78 12~14 Mo 4~6Beless than 1.8
Chemical Analysis” - - - 7429 1501 Al13.86, Mo6.84

* Alloy for PFM restoration. GLORY ., Dongmyung, Korea.

¥ Type III gold alloy. DM-53 , Dongmyung, Korea.

* Alloy for PFM restoration. Semi-Non Silver , Dongmyung, Korea.

* Alloy for PFM restoration. Rexillium III , Jeneric/Pentron, USA

* Chemical composition of alloys as reported by the manufacturer

* Chemical composition of alloys by EDS (energy disperse X-ray surface analysis)
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Fig. 5. XRD pattern of TiN coated layer.
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Table 2. Wear tract width and depth

Stiding distance(m) Ni-Cr-Be alloy TiN on Ni-Cr-Be alloy
Wear tract width(um) Wear tract depth(um) Wear tract width(um) Wear tract depth(um)

100 4456 10.3 278.0 19

200 508.8 14.8 274.4 24

300 734.4 25.1 302.8 2.9

400 1030.0 55.2 441.6 8.5

Table 3. Wear volume and wear rate

Ni-Cr-Be alloy

TiN on Ni-Cr-Be alloy

Sliding distance(m) Wear tract width(mm®) Wear tract depth(mm®) Wear tract width(mm®) Wear tract depth(mm®)
100 0.78 0.0788 0.075 0.0076
200 0.66 0.1334 0.038 - 0.0077
300 1.82 0.5476 0.052 0.0158
400 2.85 1.1461 0.285 0.1147
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Fig. 6. Wear tract width and depth.
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Fig. 7. Wear volume and wear rate.
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Fig. 10. 3-dimensional profiles at 200m sliding distance. (a) Ni-Cr-Be alloy, (b) TiN on Ni~-Cr-Be alloy
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Fig. 11. Scanning microscopic view of TiN on Ni-Cr-Be alloy.

(TiN on Ni-Cr-Be alloyon) (Ni-Cr-Be alloy)
Fig. 12. Optical microscopic view after 200m sliding movement.
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Table 4. Quantitative corrosion results

1N H:80: 0.9% NaCl
Ecorr Icorr - Breakdown Ecorr Tcorr Breakdown
Materials (mV) (#A/cm®) potential (mV) (mV) (#A/cm?)  potential(mV).
Au-Pt* 140.8 -76 1,279 101.7 -8.0 -
Au-Pt-Pd’ 143.9 -74 797 104.8 -7.2 -
Pd-Au* -137.3 -5.2 1,226 . -364.0 ~74 -
Ni-Cr-Be* -237.0 -5.3 1,004 -290.0 -7.5 -
TiN on Ni-Cr-Be  -201.6 6.5 973 -371.2 -7.3 -

* Alloy for PFM restoration. GLORY , Dongmyung, Korea.

§ Type III gold alloy. DM-53 , Dongmyung, Korea.

# Alloy for PFM restoration. Semi-Non Silver , Dongmyung, Korea.
* Alloy for PFM restoration. Rexillium III , Jeneric/Pentron, USA.
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Fig. 15. Optical microscopic view of Ni-Cr-Be alloy after corrosion test.

Table 5.The amounts of Ni and Cr released from

Ni-Cr-Be alloy and TiN on Ni-Cr-Be al-
Joy in 1N H:SO+ and 0.9% NaCl solutions
Amounts of metal ions released

(ug/cm?®)
1IN H2504 0.9% NaCl
Materials Ni Cr Ni Cr
NICrBe 059195 8468 1461.75 9578
alloy
TiN on Ni
Cr-Be alloy 137.48 753 7455 948
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Fig. 16. The amounts of Ni and Cr released from the
Ni-Cr-Be alloy and TiN on Ni-Cr-Be alloy
in 1N H2S0: and 0.9% NaCl solutions.
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Fig. 17. Equilibrium phase diagram of Ti-N binary system®.
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Fig. 19. Metastable PVD phase diagram of the Ti-
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Table 6. A general classification of thin/thick film manufacturing processes™
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Fig. 20. Optical microscopic view of TiN on Ni-Cr-
Be alloy after corrosion test.
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ABSTRACT

A STUDY OF ION BEAM ASSISTED DEPOSITION(IBAD) OF
TiN ON Ni-Cr Be ALLOY FOR SURFACE CHARACTERISTIC

So0-Young Choi, Sun-Hyung Lee, IK-Tae Chang, Jae-Ho Yang, Hun-Young Chung

Department of Prosthodontics, College of Dentistry, Seou! National Untversity

Dental restorative materials must have the physical properties to withstand wear and corro-
sion. Base metal alloys possess better mechanical properties and lower price than the gold alloys.
For these reasons such alloys have largely replaced the precious metal alloys. One aspect to con-
sider is the release of metal substances to oral environment. The release of elements from den-
tal alloys is a continuing concern because the elements may have the potentially harmful biological
effects on local tissues. The purpose of this study was to minimize metal release on the nonprecious
metal surfaces by ion beam assisted deposition(IBAD) of titanium nitride (TiN).

Ni-Cr-Be alloys with and without TiN coatings were secured in an wear test machine oppos-
ing ruby ball to determine their relative resistance to wear with 100m, 200m, 300m and 400m
sliding distance. And the corrosion behavior of the Ni-Cr-Be alloys with and without TiN coat-
ings and 3 dental noble alloys have been studied. Potentiodynamic curves were used to analyse
the corrosion characteristics of the alloys. The measurement of the released Ni and Cr ions was
conducted by analysis of the electrolyte solution with atomic absorption spectroscopy.

The results were as follows:

1. The critical sliding distance that wore down TiN coatings of 2.5m thickness in this study con-
dition was 300m.

2. Ton beam assisted deposition of TiN showed a good surface modification with respect to the prop-
erties of wear and corrosion resistance.

3. X-ray diffraction showed that the strongest peak of TiN is TiN(111) in the coatings.

4. The release of Ni and Cr ions from alloys measured by means of atomic absorption spectroscopy
was reduced by ion beam assisted deposition of TiN.

Key words : Ion beam assisted deposition(IBAD), Titanium nitride(TiN), Wear, Corrosion
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