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Abstract

The objective of this investigation was to study the compositiona influence
on the corrosion resistance and metal/porcelain bonding characterization of
Ni-Cr-Mo denta casting aloys in acidic artificia saiva Cyclic
potentiodynamic and potentiostatic tests were used to evauate the corrosion

behavior of different Ni-Cr-Mo dental casting aloys in deaerated artificia saliva
withpH 5a 37 . Optical microscope observations were carried out after the

cyclic potentiodynamic tests. Surface chemica anayses were characterized by
x-ray photoelectron spectroscopy (XPS) and auger electron spectroscopy (AES)
after potentiostatic tests. For meta/porcelain bonding characterization,
three-point bending test was used to measure the fracture loading of
metal/porcelain specimens. Fractographic observations and chemical analyses
were analyzed by scanning electron microscope (SEM) and energy dispersive
spectroscopy (EDS). Surface oxides were characterized by XPS and glow
discharge spectroscopy (GDS). The results of corrosion tests showed that the
corrosion resistance of Ni-Cr-Mo casting aloys was associated with the
formation of passive film, containing Ni(OH),, NiO, Cr,O; and MoO,, on the
surface. The Ni-Cr-Mo aloy with higher Cr (» 21 %) and Mo (» 8 %) contents
had much larger passive region in the polarization curve and was immune to
pitting corrosion, which was due to the presence of high Cr (maximum » 31-35
%) and Mo (maximum » 12 %) contents in the surface passive film. The
presence of Ti lower than 4 % in the Ni-Cr-Mo casting aloy had no effect on the
corrosion resistance. A ptting resistance equivalent (PRE) of about 49 could

provide the Ni-Cr-Mo adloy a good pitting corrosion resistance For



metal/porcelain bonding characterization, the addition of Al in Ni-Cr-Mo aloy
Is beneficial to the metal/porcelain bonding characterization, while Cr has an
inverse effect. Chemica composition showed no influence on the fracture
position of metal/porcelain specimen after bending test. The fracture occurred at
the interface between metal and porcelain for al test specimens, and reveaed

adhesive morphology.

K ey words. composition; corrosion; passive film; pitting; metal/porcelain

bonding characterization; Ni-Cr-Mo dloy



2-3-1

2-3-2

2-3-3

2-3-4

2-3-5 X

10

10



31

3-2

3-2-1

/

3-2-2

3-3

14

3-31

14

3-3-2

15

3-3-3

15

3-4

15

34-1

16

3-4-2

16

3-4-3

17

17

4-1

18

4-2

20

20

51

23

52



25

26



Ni-Cr-Mo

Ni-Cr-Mo

990 /5

XPS

31

32



21

22

Ni-Cr-Mo

Ni-Cr-Mo (VB )

23

36

37

39

41

42

47

49



4-1

4-2

4-3

4-4

45

4-6

4-7

4-8

4-9

4-10

Ni-Cr-Mo

Ni-Cr-Mo

Ni-Cr-Mo

Ni-Cr-Mo

Ni-Cr-Mo

/5

XPS

AES

VB

VB

GDS

51

52

55

57

59



Ni-Cr-Mo

(fixed prosthodotic appliance) (palladium)
Ni-Cr-Mo
Ni-Cr-Mo
(backing) (crown/bridge) Ni-Cr-Mo

Ni-Cr-Mo

Ni-Cr-Mo

Ni-Cr-Mo
(morphology) (viability)
(proliferation) * Ni-Cr-Mo

(energy metabolism) 2



Ni-Cr-Mo

Ni-Cr-Mo
Ni-Cr-Mo 0.1M
0.54 ~ 3.22mg/cn? °
Cr Ni
Ni-24Cr-10Mo-2Be

Ni-Cr-Mo

9,10

(Kz0)

16

17

0.1M
Fe Cu

Mo

11,12

(N&0O)

3-8

Gil

13,14

(SnO)

15

18



19,20

Ni-Cr-Mo

Ni-Cr-Mo

Ni-Cr-Mo /



2-1-1
(passivation) (electrode motive force, emf)
1
2
2_1 21

Tafd



active region

(passive region)
(critical current) Iy (primary

passive potential) E,,

(transpassive region)

2-1-2

(pitting corrosion)

(crevice corrosion)

23



2-2

11,12

13,14

¥ Hsu  Hgel

Baran®

9,10



(NiO) (Cr05)

Mackert 2 McLean  Sced™
(ALO:) /
/ Carter
27 /
Bowers 28 / Schumacher
2 / Be
2-3 ®
2-3-1

(optical microscope, OM)

20 1500x

0.2u m



(etching)

2-3-2 /

(scanning electron microscope, SEM)

1,500

SEM

(secondary electron) (backscattered e ectron)



SEM

SEM X- EDS WDS X
(X-ray microanalysis) X
X SEM
X X

(wavelength dispersive spectrometer, WDS)
X (energy dispersive spectrometer,

EDS) X

2-3-3

(glow discharge GDYS) 2-5



(sputtering rater)

Sputtering rate

2-3-4

(auger electron spectroscopy, AES) 2-6

(depth profiling)

2-3-5 X
X (x-ray photoelectron spectroscopy, XPS)
(electron spectroscopy for chemica anaysis, ESCA) (  2-7)
X
(photoel ectron)

(binding energy)






Ni-Cr-Mo ( 31

(glow discharge spectrometer, GDS)

31
Ni-Cr-Mo (Argoncaster-C, Shofu, Japan)( 3-2)
(Olympus, Japan)
(
)
3-3
3-2
3-2-1
0.8mm (sheet wax, Dentaurum, Germany)
60 10mm 10mm (
)

(Sprue former)

(casting ring) (ring liner, Jelenko, USA)



/ (100g/25cc) (vacuum mixer, Jelenko, USA)

90
(Programix 50, Ugin, France) 35
900
(plaster nipper)
125 ym (dumina, Al,O5)
(sllicon carbide disk)
#120 #240 #400 #3800 #1200 #1500 1um
Ni-Cr-Mo
10 mL+100 mL HNO; 60
(dendrite structure) (eutectic)
34 VB

( lem?)(  3-6)



3-2-2 /

0.4mm (sheet wax, Dentaurum, Germany)
60 25mm 5mm (
)
( 321 )
(tungsten carbide bur)
1250 m
3-7
33
990 /5min
(opague) 1.0mm (dentin
ceramic) /
1.0mm (sheet wax, Dentaurum, Germany)

6 20mm 20mm
( 321 )

(NEY, Shofu, Japan) (degassing)



3-3
331
( 32
pH 5 37
(saturated calomel electrode, SCE)
(reference electrode) (counter electrode) 3-8
1mV/s
-700mV ImA/cnt
AUTOLAB PGSTAT 30  Eco Chemie BV, Utrecht, The Netherlands
(n=5)
3-3-2

Ni-Cr-Mo

-0.125V (SCE) 2



3-3-3

Ni-Cr-Mo

XPS (ESCA 210, Kevex Instrument Inc., USA) AES

(Microlab 310D, Kevex Instrument Inc., USA) Ni-Cr-Mo

Ni-Cr-Mo (universal testing
machine; AG-1000, Shimadzu Co., Kyoto, Japan)( 3-9)
(three-point bending test) (bending test device)
(5 ) (1-3 )( 310)

0.5mm/min (fracture) /



3-4-2

Ni-Cr-Mo 990 /5min XPS

GDS

3-4-3 /

/ SEM/EDS /



4-1 Ni-Cr-Mo

Ni-Cr-Mo (active to passive)
BB W99
BB W99 Ni-Cr-Mo

(hysteresis loop)

4-2 41 @ Ecorr 3(D)
Eai; (C) Eorot; (d) :
Epit-Eprot(€) ; (f) |pass
4-3 Ni-Cr-Mo
Ni-Cr-Mo BB W99

44 Ni-CrMo  ((@BB OTIT (ONiTi8 )

(-0125v/2 ) XPS BB TIT NiTi8
Ni(OH), NiO Cr,0; MoO; W99 VB
TA XPS 4-4(c) NiTi8

TiO,



45  Ni-Cr-Mo ((@BB (b)TIT (C)NITi8 )
(-0.125V/2 ) AES BB
Cr ( 35%) Mo ( 12%) ( 45@) W99
(Cr 31%; Mo 12%) TIT (M0o<10%)
NiTi8 (Mo<6%) Cr (<20%)(  4-5(b)
(©) VB (Cr<9%;Mo<5%) TA (Cr<18%;M0<9%)
NiTi8 Ti (<6%) (
4-5(c))
pitting resistance equivalent, PRE ~ PRE = Cr% + 3.3
xM 0% Ni-Cr-Mo

BB=48.89; W99 =49.03; VB NiTi8 TA TIT=26.60~40.21

4-6 Ni-Cr-Mo
/ BB W99
18 19.5kg /

20 30kg



4-7 Ni-Cr-Mo
/ Ni-Cr-Mo
/ 4 5Skg
4-1 Ni-Cr-Mo 990 /5
XPS
Cr,0, NIO MoO, AlQ, VB BeO NiTi8
TiO,
4-8 Ni-Cr-Mo 990 /5
GDS BB W99
1.7-19um VB TA TIT NiTi8 0.5-0.8 pm
4-9 Ni-Cr-Mo /
SEM EDS mapping (Al Ni ) VB
Al Ni
Ni-Cr-Mo
4-10 Ni-Cr-Mo /
SEM EDS mapping (Al Ni ) VB
Ni Al

Ni-Cr-Mo



o5-1

4-1 Ni-Cr-Mo
(active to passive) . Cr Ni
Ni-Cr-Mo Cr Mo
32
Ni-Cr-Mo Ni(OH), NIiO Cr,0; MoO4
44 )
42 e BB W99 (
1.2V) Ni-Cr-Mo Roach 33
Ni-Cr-Mo 16-22% Cr 914% Mo
Cr,04/Cr(OH);
NiO/Ni(OH), 10 * Ni-Cr-Mo Cr Mo
® BB W99
Ni-Cr-Mo
Cr  Mo( 4-5@@)
BB W99 ( 41

BB W99 Ni-Cr-Mo 4-3(b) (c)



Ni-Cr-Mo

( 43@ () (© () BB W99
Cr( 21%) Mo ( 8%) Cr (
31~35%) Mo (  12%) TIT NiTi8 VB
TA Cr ( 20%) Mo (5-10%)
TIT

8% Mo Cr 14%
Ni-Cr-Mo Cr 14%

Mo (8%) 4%Ti NiTi8

TiO, ( 44(c) Ti ( 6%)
45 c ( 4-3(d)

41 TIT NiTi8 VB TA

(protection potential, Eyq) Eorot
Epit
Eorot Bt

Epit Eprot %

Ni-Cr-Mo TA TIT NiTi8 VB



BB W99 BB W99

Khamis  Seddik ¥ Ni-Cr
Metwally % Ni-Cr
Ni-Cr *
4-2(b)~(d) Ni-Cr-Mo
Cr( 21%) Mo( 8%) Ni-Cr-Mo BB
W99 Ni-Cr-Mo 4-2
Ni-Cr-Mo Ecor 057 -0.65V(SCE) 42 a Iy
1.1~6.2 uA/cmy, 4-2(f)
Cr Mo
32,34,35
Cr Mo
Fe-Ni-Cr-Mo (pitting resistance
equivaent, PRE) Cr Mo PRE
Cr% +3.3xMo% Ni-Cr-Mo (pH 4~7) PRE
43 > PRE
BB W99 PRE 4889  49.03
Ni-Cr-Mo PRE 26.60 40.21 Ni-Cr-Mo

PRE 49



4-6 BB W99
(base meta)(
Ni-Cr ) 18
16
Ni-Cr-Mo Cr,0; NIO Mo00O;
Al,O;
VB BeO NiTi8
Ti TiO, ( 41) McLean Sced™
Cr,0O4
(K20) (N&,0) (SnOy)
/
Al Cr0; “
BB W99 Cr Al
Cr,0O4 1.7 1.9um
0.4 0.7um ( 48 BB W99
4-6

4-7 Ni-Cr-Mo



(

4-5 kg)

4-9

(tension)

Ni-Cr-Mo

4-10

Ni

adhesive

/

VB

Ni-Cr-Mo

/

Al



1 Ni-Cr-Mo

Cr,0, NiO MoO; Ni(OH),

2. Cr(»21%) Mo(»8%) Wiron 99  Berabond Ni-Cr-Mo
(2 pitting corrosion (2)
passive range
3. T < 4% NiTi-8 Ni-Cr-Mo
TiO,
4.Ni-Cr-Mo (pitting resistance equivalent, PRE) 49
/
1. Wiron99  Berabond Ni-Cr-Mo 1.7 19 m
Cr,0O; ALO; NiO /
Ni-Cr-Mo 0.4 0.7u m
Cr,0; ALO; NiO /
Cr Al
2. Ni-Cr-Mo

/ adhesive






1. Bumgardner JD, Lucas LC. Cdlular response to metallic ions released from
nickel-chromium denta aloys. J Dent Res 1995;74:1521-7.

2. Bumgardner JD, Dodller J Lucas LC. Effect of nickel-based dental casting
aloys on fibroblast metabolism and ultrastructural organization. J Biomed
Mater Res 1995;29.611-7.

3. Goff AHL, Joiret S, Abourazzouk D, Raman investigation of crevice
corrosion in nicke-chromium dental aloys containing Beryllium.
Electrochim Acta 1998;43:53-62.

4. Gas-Gerstorfer J Pasder K. Studies on the influence of Be content on the
corrosion behavior and mechanical properties of Ni-25Cr-10Mo aloys. Dent
Mater 1993:9:177-81.

5. Gais-Gerstorfer J, Greener EH. Effect of Mo content and pH value on the
corrosion behavior of Ni-20Cr-Mo dental adloys. Deut Zahnarztl Z
1989;44:863-6.

6. Gas-Gerstorfer J, Sauer KH, Pasder K. lon rdease from Ni-Cr-Mo and
Co-Cr-Mo casting alloys. Int J Prosthodont 1991;4:152-8.

7. Kedici SP, Aksut AA, Kilicardan MA, Bayramoglu G, Gokdemir K.
Corrosion behaviour of dental metals and alloys in different media. J Oral
Rehabil 1998;25:800-8.

8. Gil FJ. SAnchez LA, Egd as A, Plandll JA. In vitro corrosion behaviour and
metallic ion release of different prosthodontic aloys. Int Dent J
1999;49:361-7.

9. Pask JA , Fulrth RM. Fundamentals of glass-to-meta bonding: VIII. Nature
of wetting and adherence. JAm Ceram Soc 1962;45:592-596.

10.Anusavice KJ, Horner JA, Fairhurst CW. Adherence controlling elementsin
ceramic-metal systems. |. Precious aloys. J Dent Res 1677;56:1045.

11.Ronald P, Luborich RP, Goodkind RJ. Bond strength study of precious,
semiprecious and non-precious ceramic-metal aloys with two porcelains. J
Prosthet Dent 1977;37:288-299.



12.Mackert JR, Parry EE, Farhurst CW. Oxide/meta interface morphology
related to oxide adherence. J Dent Res 1984,63:215.

13.0 Brien WJ, Ryge G. Redation between molecular force calculations and
observed strengths of enamel-meta interface. JAm Cer Soc 1964;47: 5-8.

14.Silver M, Klein G, Howard MC. An evauation and comparison of porcelain
fused to cast metals. J Prosthet Dent 1980;10: 1055-1064.

15.Vivkery RC, Badinelli LA. Nature of attachment forces in porcelain-gold
systems. JAm Cer Soc 1968;47:683-689.

16.McLean JW, Sced IR. Bonding of denta porcelain to metas: Il. The
base-metd aloy/porcelain bond. Trans J Brit Cer Soc 1973;72:235-238.

17.Rapp RA. Kinetics, microstructures and mechanism of internal oxidation.
Corros 1963;21: 382-401,.

18.Bertolotti RL. Porcelain-to-meta bonding and compatibility. In “Dental
ceramics-proceedings of the first international symposium on ceramics’ £
ed, McLean JW editor, Quint Pub Co, Chicago, USA , 1983, pp. 415-431.

19.Preston JD. Perspectives in dental ceramics. T ed, Quint Pub Co, Chicago,
USA, 1988, pp.81-92.

20.Tuccillo JJ, Cascone PJ. The evolution of porcelain-fused-to-metal (PFM)
dloy systems. In “Denta ceramics-proceedings of the first internationa
symposium on ceramics’ T ed, McLean JW editor, Quint Pub Co, Chicago,
USA , 1983, pp. 366-370.

21.Jones DA. Passivity, In“ Principles and Prevention of Corrosion” 2™ ed,
Prentice-Hall, Inc, NJ, USA, 1996, pp. 116-242.

22.Jones DA. Pitting and crevice corrosion, In “Principles and Prevention of
Corrosion” 2" ed, Prentice-Hall, Inc, NJ, USA, 1996, pp. 199-234.

23.Fontana MG. Eight forms of corrosion, In“ Corrosion Engineering” 3 ed,
McGraw-Hill, Inc, New York, USA, 1986, pp. 39-152.

24.Hsu CS, Hseh CC. The study of bonding mechanism of some precious
metals for porcelain fused to metal crown: Part |. the study of oxidation of
metal-ceramic alloys for porcelain veneered crown. Formosan Asso Adv Sci
1983;37:1-13.



25.Baran GR. Dissolution of oxides on Ni-Cr alloys during smulated porcelain
fusion. J Dent Res 1987,66:247.

26.Mackert JR, Ringle RD, Rary EE, Evans AL, Farhurst CW. The
relationship between oxide adherence and porcelain-metal bonding. J Dent
Res 1988,67:474-478.

27 Carter M, Al-Mudafer J, Soxrensen SE. Adherence of a nickel chromium
dloy and porcelain. J Prosthet Dent 1979;41:167-172.

28.Bowers JE, Vermilyea SC, Griswold WH. The effect of metal conditioners
on porcelain adloy bond strength. J Dent Res 1983;62:410.

29.Schumacher G, Dadleni J, Vaidyanathan TK. Role of Be on porcelain bond
strength of Ni-Cr alloys. J Dent Res 1987;66:247.

30.

31l.Kawashima A, Asami K Hashimoto K, XPS study of anodic behavior of
amorphous nickel-phosphorus alloys containing chromium, molybdenum or
tungsten in 1 M HCI. Corros Sci 1984;24:807-23.

32.Bumgardner JD, Lucas LC. Surface anaysis of nickel-chromium dental
dloys. Dent Mater 1993;9:252-9.

33.Roach M, Parsell D, Gardner § Bumgardner JD, Correlation of corrosion
and surface analyses for Ni-Cr aloys. Crit Rev Biomed Eng 1998;26:391-2.

34.Marcus P, Grima JM. The anodic dissolution and passivation of Ni-Cr-Fe
alloys studies by ESCA. Corros Sci 1992;33:805-814.

35.Bumgardner JD, Roach M, Scheel T, Gardner S. Corrosion and XPS surface
evaluation of nickel-chromium based dental casting aloys. South Biomed
Eng Conf Proc, |IEEE, Piscataway, NJ, USA, 1998,p.45.

36.Wilde BE. A critical appraisal of some popular laboratory electrochemical
tests for predicting the localized corrosion resistance of stainless aloys in
seawater. Corrosion 1972;28:283-91.

37.Khamis E, Seddik M. Corrosion evauation of recasting non-precious dental
dloys. Int Dent J1995;45:209-17.

38.Metwally WA, Habib AN, Katamish HA. Corrosion and metalurgica study
of some porcelain fused to meta aloys. Egypt Dent J. 1995;41:1159-66.



39.Benatti OFM, Miranda WG Jr, Muench A. In vitro and in vivo corrosion
evaluation of nickel-chromium and copper-duminum-based alloys. J
Prosthet Dent 2000;84:360-3.

40.Glover TJ. Recent developments in corrosion-resistant metallic alloys for
construction of seawater pumps. Mater Performance 1988;27:51-6.

4], Ni-Cr
1961,26:253-258.



